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Abstract

The impairment of cognitive abilities, emotional control, learning, and mobility in older adults with diabetes
mellitus constitutes a global socio-health problem given the high prevalence of the condition, its impact on the
healthcare system and society, and the burden of suffering for those affected and their families. In this review,
we highlight the problem, its causes, presentation, and natural history. We propose a prevention and treatment
approach, as the older adult stage is characterized by its heterogeneity and the scarcity of resources. This
is a call to raise awareness and consider aging as a process that is simply another stage of human life, and
that this stage can be "healthy" or accompanied by pathological processes that affect the quality of life of the
individual and their environment. It is important to consider the search for new strategies and resources to
address this issue. We emphasize that diabetes is the most frequent metabolic problem in older adults, affecting
30% of them. All cells in the body, because they share basic mechanisms for nutrient utilization, are affected.
The central nervous system consumes the most nutrients, making it one of the systems most affected. We have
the opportunity to apply the body of knowledge developed to understand diabetes and the resources available
to us. In this review, we provide an overview of these resources and their relationship to the prevention and
treatment of this metabolic and neurological problem.
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Introduction

A confluence of related factors, changes in diet, sed-
entary lifestyle and population aging led to a rapid
increase in the incidence of diabetes mellitus (DM),
especially type 2 diabetes (T2D), a disease with an
enormous burden in terms of health and economic
consequences in the older adult (OA) population
[1]. Since DM is a metabolic problem, all of a per-
son's systems will be affected, especially the central
nervous system (CNS), which is the main consumer
of oxygen, calories, and building blocks [2]. As the
population ages, T2D, cognitive impairment, and
dementia are reaching epidemic proportions world-
wide, making it increasingly important to identify
methods to address this pandemic [3-5]. The prev-
alence of dementia among people with both type 2
and type 1 diabetes mellitus is estimated to be 6 to
14%, increasing with age, duration of diabetes, and
elevated HbAlc levels [6-8]. Thus, diabetes dou-
bles the risk of developing dementia [9]. Accumu-
lating evidence shows that about one-third of cases
of severe cognitive impairment could be delayed or
prevented by managing diabetes comorbidities such
as hypertension [10], sedentary lifestyle [11], obesi-
ty [12,13], tobacco and alcohol consumption [14],
depression [15,16] and controlling the physiopath-
ogenic mechanisms of DM, given by the excess of
circulating lipids [17], and hyperglycemia [18,19]

Etiogenic Markers and Processes Leading to Tis-
sue Damage

Hyperglycemia, HbAlc, insulin resistance (HO-
MAIR), systemic inflammation such as CRP, cere-
bral microvascular injury (neuroimaging), cerebral
amyloid and tau proteins, brain-derived neurotroph-
ic factor (BDNF), advanced glycation end products
(AGEs), and adipokines [20,21].Neuroimaging re-
ports on vascular brain lesions, particularly lacunae,
hypotrophy especially of the white matter, enlarge-
ment of sulci and ventricles with hippocampal in-
volvement. Neuropathological studies may report an
increased burden of infarcts or microinfarcts, lacunae
attributable to abnormalities in small cerebral perfo-
rating arterioles, such as arteriolosclerosis, lipohya-
linosis, or fibrinoid necrosis. Human autopsy studies
showing vascular abnormalities in people with dia-
betes mellitus (DM) lend strength to the findings of
imaging studies [22]. Alzheimer's disease (AD) is
the most common form of dementia in older adults,
and T2D, due to chronic hyperglycemia and insulin

resistance, constitutes a risk factor for AD, especially
when considered as a syndrome [23]. Vargas Soria M
et al. studied a murine model and, in their work, men-
tion that while aging is the main risk factor for AD, ev-
idence suggests that metabolic alterations such as T2D
contribute significantly. A distinctive pathological
event in Alzheimer's disease (AD) is the deposition of
amyloid-f (AB) in the brain, either as amyloid plaques
or around the leptomeningeal and cortical arterioles,
constituting cerebral amyloid angiopathy (CAA). This
is observed in 85-95% of autopsy cases of AD and
contributes to AD pathology by limiting perivascular
drainage of AP. Experimental data supported the rela-
tionship between the metabolic disease and AP depo-
sition affecting vascular integrity, ultimately contrib-
uting to AD pathology and related functional changes
in the cerebral microvasculature. [24]. Insulin resist-
ance, neuroinflammation, altered cerebral glucose me-
tabolism, oxidative stress, mitochondrial dysfunction,
and amyloidosis are biological events found in neuro-
logical disorders. Altered insulin-mediated signaling
and cerebral glucose hypometabolism are characteris-
tic signs observed in the brains of patients with certain
neurological diseases, but also others such as T2D and
vascular diseases. These findings, based on significant
reductions in insulin receptor autophosphorylation
and Akt kinase activity, and increased GSK-3 activ-
ity and insulin resistance in these neurological dis-
eases, contribute to the decline in cognitive function.
Supporting this relationship is the fact that nasal and
hippocampal insulin administration has been found to
improve cognitive function [25]. A central feature of
T2D is the alteration of insulin signaling, which caus-
es insulin resistance. Thus, it not only affects system-
ic metabolism but also the brain by altering cerebral
insulin pathways.Some autopsy studies have failed to
demonstrate an association between T2D and the neu-
ropathology of AD. However, the clinical presentation
of'brain damage from DM in older adults and from AD
shows overlap, as some anatomopathological studies
have shown. We emphasize that cognitive impairment
in DM has pathophysiological characteristics specif-
ic to this disease and that there may be common fac-
tors [26]. Some autopsy studies found fewer neuritic
plaques (NP) and neurofibrillary tangles (NFT) in the
brains of diabetics [ 27,28] . Dos Santos M et al., when
examining the association between diabetes and neu-
ropathology of AD in 1,037 Brazilian AMs, also found
no link between brain damage from DM and from AD
[29]. We highlight the endoplasmic reticulum stress
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mechanism and its association with mitochondria
as responsible for metabolism. When an excess of
these structures exceeds their metabolic capacity, en-
doplasmic reticulum stress is triggered. This stress
can resolve itself or lead to mitotic pause, i.e., senes-
cence, cellular apoptosis, or autophagy, with the con-

sequent loss of cells and synapses. This affects neu-
ronal circuits, leading to their loss and delamination
in many cases [ 30-32] These facts give the person
with DM a special vulnerability to neurodegeneration
[33,34]. (Fig 1 and 2)
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A. Diagram: Excess nutrients trigger a complex met-
abolic alteration, where their storage, distribution,
and biotransformation unleash a series of complica-
tions leading to endoplasmic reticulum stress at the
cellular level, senescence, apoptosis, and/or auto-
phagy, which will cause cell death and tissue dam-

age [2].

C
Figure 1: Pathophysiology of Cognitive Decline — Dementia in Older Adults with Dia-
betes Mellitus

B. Lipotoxicity causes intrinsic aberrant microglial
activity in CNS cell populations, apoptotic spines that
can trigger synaptic destruction. 1. The elevation of
hippocampal IL-1f induced by a high-fat diet promotes
the pro-inflammatory M1 phenotype in microglia. 2.
Aberrant microglia are attracted to CX3CLI1 (fractalk-
in) on the dendritic spine, which is recognized by mi-
croglial CX3CRI. On the other hand, 3. the reduction
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in adiponectin levels induces the accumulation of
-amyloid in the hippocampus. 4. The accumulation
of AP causes mitochondrial dysfunction with a re-
duction in mitochondrial membrane potential and an
increase in oxidative stress. Apoptotic mitochondria
release cytochrome c, which can activate flippase ac-
tivity via caspase 3. 5. Phosphatidylserine, located
in the outer membrane of the phospholipid bilayer,

acts as an "eat me" signal, which is recognized by
microglial receptors. 6. Aberrant microglial activity,
such as neuronal mitochondrial dysfunction, triggers
synaptic destruction by microglia [17]

C. Microscopy of the hippocampus at 40x magni-
fication showing how synaptic alterations and cell
death lead to delamination of the cell layers [30].
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Figure 2: ER stress-autophagy axis regulates diabetes-related cognitive dysfunction.

(A) At normal state, hippocampal neurons sur-
vive with low levels of ER stress and autophagy,
whereas in diabetes, unresolved ER stress further en-
hances autophagy and ultimately lead to apoptosis,
and thus declines cognitive functions. (B) Cross-talk
of ER stress-autophagy axis[31]

Diabetes and Frailty
DM, frailty, sarcopenia, and the association of pathol-
ogies share physiological mechanisms and patholog-

ical changes [35]. In older adults, the loss of muscle
mass is accompanied by a relative increase in visceral
fat; this is "sarcopenic obesity," closely related to in-
sulin resistance and mitochondrial dysfunction. Low
levels of testosterone and insulin-like growth factor
are associated with insulin resistance, T2D, decreased
protein synthesis, muscle mass, and frailty [ 36,37].

J. of Adv Clin Neu Res

Vol:2,2. Pg:4



Research Article Open Access

FRAILTY

Sarcopenic
obesity

Associated with
incident DM in
older community-
dwellers

Mitochondrial
dysfunction

Independent risk
factor for
morbidity &
mortality in older
DM patients

=
(=]
c
=]
2
B
('S
S
&
&

Oxidative

stress

Shared
pathophysiology
between
frailty & DM

Linked to incident
frailty

m
-
Hormonal & 4
metabolic Predicts rs
changes transition to =3
higher frailty level E
o
S
Vascular E
complications of E-
DM &
Chron malnutrition lead
AL to functional
inflammation
decline

DIABETES MELLITUS

Figure 3: Diabetes and Frailty [37]

Addressing the Problem in the Clinic

From a geriatric and gerontological perspective, it is important to assess the impact of cognitive and metabol-
ic disorders on functional status. This will allow us to refer the patient for studies that confirm the degree of
impairment and plan their treatment [38]. Functional status or functional independence (FI) can be assessed

using the Activities of Daily Living (Fig 3) [39,40].

Self-care activities
A. Eating
0O = No problem

3 = Must be fed most foods
9 = Don’t know

B. Dressing

= No problem

= Needs help with dressing
= Don’t know

athing

= No problem

0
wn~oWewnr=o

= Must be bathed by others
9 = Don’t know
D. Elimination

9 — Don’t know
E. Taking pills or medicine
0 = Remembers without help

1 = Independent, but slow or some spills
2 = Needs help to cut or pour; spills often

= Independent, but slow or clumsy
= Wrong sequence, forgets items

= Bathes self, but needs to be reminded
= Bathes self with assistance

0 = Goes to the bathroom independently

1 = Goes to the bathroom when reminded; some accidents
2 = Needs assistance for elimination
3 = Has no control over either bowel or bladder

1 = Remembers if dose is kept in a special place

2 = Needs spoken or written reminders

3 = Must be given medicine by others

9 — Does not take regular pills or medicine OR Don’t know

Figure 4: The Activities of Daily Living (ADL)

Factors such as education, environment, lifestyle,
work activity, and interpersonal relationships influ-
ence the cognitive health of older adults. Cognitive
reserve is part of the mechanisms that would ex-

plain personal differences in rates of cognitive de-
cline. Clare L et al. explored the mediating effect of
cognitive reserve on the cross-sectional association
between lifestyle factors and cognitive function in
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older adults using data from a population-based co-
hort of 2315 older adults without evident pathologies
in the Cognitive Function and Ageing Study Wales
(CFAS-Wales) cohort between 2011 and 2013. They
concluded that the cross-sectional associations sup-
port the view that improving cognitive reserve can
benefit cognition, and the maintenance of cognitive
health can be favored by a healthy and active life-
style in later life [41].

According to Taniguchi et al., FI is crucial for inde-
pendent living in old age; its loss is associated with
brain damage, cognitive and motor impairment, so-
cial isolation, death, and high healthcare costs [42].
Cognitive frailty in older adults with DM is associat-
ed with the coexistence of physical frailty and cogni-
tive impairment, increasing the risk of dementia, dis-
ability, and dependence [43]. Frailty is prevalent in
older adults with DM, with prevalence rates between
10.4% and 20.8% in different studies [44]. Frailty
frequently coexists with cognitive impairment [45].
The Edmonton Frailty Scale (EFS) is a multidimen-

sional, rapid, and widely validated tool that assesses
nine domains: cognition, health, functionality, social
support, medication, nutrition, mood, continence, and
functional performance through 11 questions. With a
maximum score of 17, it classifies older adults from
"no frailty" to "severe frailty" [46] (Fig. 5). Cognitive
function can be assessed clinically by observing the
patient's orientation to time and place upon arrival at
the consultation, including their ability to live inde-
pendently. This assessment can be supplemented with
specific tests: the Mini-Mental State Examination, the
Clock Drawing Test, the Montreal Cognitive Assess-
ment, the Cognitive Subscale of the Alzheimer's Dis-
ease Assessment Scale, the Verbal Learning Test, the
Digit Span Test, the Boston Naming Test, the Tracing
Test, and the Frontal Lobe Assessment Battery [47].
From the perspective of managing older adults with
diabetes mellitus, three main groups can be identi-
fied [48]. This will allow us to understand the natural
history of cognitive frailty and tailor our approach to
managing older adults. Fig 5 Edmonton Frail Scale
[46]

Questions

REQUIRE
A B C FOLLOW-UP

1. Cognition

a) Are you or your family concerned about new problems with your memory?

b) Have you been diagnosed with dementia, Alzheimer’s disease, or a major
neurocognitive disorder?

2. General Health Status

a) In the past year, how many times have you been admitted to a hospital?

L3

b) In general, how would you describe your health? (Select one)

3. Functional Independence

With how many of the following activities do you require help?
(O Meal Preparation (O shopping (O Telephone () Housekeeping

(0 Taking Medications () Transportation ([ Laundry (O managing Money

i 4. Social Support

When you need help is there someone who you can count on who is willing
and able to meet your needs?

5. Medication Use

a) Do you use 5 or more prescription medications on a regular basis?

b) At times have your forgotten to take your prescription medications?

6. Nutrition

Have you recently lost weight such that your clothing has become loose? |

7. Mood

Do you often feel sad or depressed? |

8. Continence

Do you have a problem with losing control of urine when you don’t want to? |

9. Functional Performance

Does your baseline health now limit you in the following?

() wWalking several blocks

() Vigorous activities around the house () Climbing stairs

Figure 5: Comprehensive Geriatric assessment of older adult with diabetes mellitus [48]
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Health status grade

Good Health (Group 1)

impairment

Intermediate Health
(Group 2)

Poor Health (Group 3)

Physical and functional status of elderly patients with diabetes

No comorbidity or has <2 non-diabetes chronic illnesses (including
stroke, hypertension, stage 1-3 chronic kidney disease,

osteoarthritis, etc.) and no ADL impairment and <1 IADL

Three or more non-diabetes chronic illnesses (including stroke,
hypertension, stage 1-3 chronic kidney disease, osteoarthritis, etc.)
and/or any one of the following: (1) mild cognitive impairment or

early dementia; (2) 22 IADL impairments

Any one of the following: (1) one or more chronic illnesses with
limited treatments and reduced life expectancy (including
metastatic malignancies, lung disease requiring oxygen therapy,
end-stage renal disease requiring dialysis, and advanced heart
failure); (2) moderate to severe dementia; (3) 22 ADL impairments;

(4) residence in a long-term nursing facility

Natural History of Cognitive Affectation in Older
Adults with Diabetes Mellitus

The different stages of cognitive dysfunction in MA
should be considered a continuum [49,50]. El dete-
rioro cognitivo puede dividirse en tres etapas difer-
entes, segun la gravedad: deterioro cognitivo leve
(DCL), deterioro moderado y demencia. El término
disminucion asociada a la diabetes se refiere a cam-
bios sutiles en la funcion cognitiva, que pueden dar
lugar a quejas cognitivas (normalmente expresadas
solo por el paciente), pero que no deberian afectar
las actividades de la vida diaria ni el autocontrol de
la diabetes [51,52]. Los cambios cognitivos sutiles
pueden afectar a uno o varios dominios cerebrales.
Cognitivo: velocidad de procesamiento, observado
en la fluidez verbal, la funcion ejecutiva y la me-
moria de trabajo reciente y remota, capacidad de
aprendizaje, reconocimiento de personas, orientac-
16n temporoespacial, en la esfera emocional: ansie-
dad, depresion en la esfera motriz disminucion de la
velocidad de la marcha, arrastrar los pies al caminar,
caidas y tardiamente alteraciones de la deglucion
con broncoaspiracion e incontinencia urinaria y fecal
terminando en la postracion. movilidad. Evaluacion
de la marcha, equilibrio, prueba del levantate y anda
[53]. Probablemente estas alteraciones comiencen en
la etapa prediabética y evolucionan lentamente a lo

largo de afios, a un ritmo 50% mas rapido que el del
envejecimiento cognitivo normal [54].

Cognitive impairment can be divided into three differ-
ent stages, according to severity: mild cognitive im-
pairment (MCI), moderate impairment, and dementia.
The term diabetes-associated decline refers to subtle
changes in cognitive function, which may lead to cog-
nitive complaints (usually expressed only by the pa-
tient), but should not affect activities of daily living
or diabetes self-management [51,52]. Subtle cognitive
changes can affect one or more brain domains. Cog-
nitive: processing speed, observed in verbal fluency,
executive function, and recent and remote working
memory, learning ability, person recognition, and spa-
tiotemporal orientation; emotional: anxiety and de-
pression; motor: decreased gait speed, shuffling, falls,
and later, swallowing difficulties with aspiration and
urinary and fecal incontinence, eventually leading to
immobility. Assessment includes gait, balance, and
the stand-up walk test [53]. These alterations probably
begin in the prediabetic stage [50] and evolve slowly
over years, at a rate 50% faster than that of normal
cognitive aging [54].
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Brain Imaging Findings in Patients with T2D: The
figure summarizes the findings from brain imaging
studies in T2DM (for details and bibliographic ref-
erences, see the text). The position of each imaging
marker on the X-axis reflects the intensity with which
it has been studied in relation to T2D. The position
on the Y-axis reflects the extent to which a marker
is affected in individuals with T2DM compared to
controls, based on evidence from available studies.

Prediabetes

Marseglia A et al. studied 68 older adults (8.6%) with
prediabetes and 45 (5.7%) without diabetes mellitus
DM. The person will be in Group 1 of the Compre-
hensive Geriatric Assessment of Older Adults with
Diabetes Mellitus [55]. The older adults with DM
showed more pronounced impairment in perceptual
speed and verbal skills, associated with progressive
memory decline [56]. According to Wang X et al.,
a subgroup analysis revealed that the association
between prediabetes and cognitive impairment was
significant in women. Stratification analyses re-
vealed that, in patients with prediabetes, triglyceride
concentrations were negatively associated with cog-
nitive function. Triglyceride control through lifestyle
modification for prediabetes and adjunctive anti-in-
flammatory therapy specifically for diabetes may
benefit cognitive performance. [57]. However, the
study by Casagrande SS et al., based on the sample
of older adults from the 2011-2014 National Health
and Nutrition Examination Surveys, found no cogni-
tive impairment in people with prediabetes, although
it was found in those who had developed T2D [58].

Figure 6: Natural History of Cerebral Involvement in Older Adults with Diabetes Mellitus

Mild Impairment Stage (MCI) and Moderate Im-
pairment

Cognitive declines associated with DM are subtle, not
clearly affecting social or occupational functioning or
DM self-control until advanced stages [59].Mild cog-
nitive impairment, a prodromal stage of dementia, af-
fects 20% of people aged 65 and over. The person will
be in Group 1 of the Comprehensive Geriatric Assess-
ment of AM with DM. It is estimated that one-third of
these cases will progress to dementia within 5 years.
And although both type 2 diabetes (T2D) and aging
are very common processes, it has been established
that T2D is a proven risk factor for dementia, almost
doubling the risk of cognitive impairment. This allows
us to recognize factors associated with cognitive de-
cline such as insulin resistance [60], and hypercholes-
terolemia [61]. We highlight the work by Casagrande
SS et al. based on the sample of older adults from the
2011-2014 National Health and Nutrition Examina-
tion Surveys, who found a clear association between
hyperglycemia, obesity, dyslipidemia, hypertension,
history of cardiovascular disease, stroke, and, to a
lesser extent, depression, related to the development
of T2D, unlike the non-moglycemic population. Cog-
nitive function was assessed using the Consortium
for Alzheimer's Disease Registry-Word Learning Test
(CERAD W-L), the Animal Fluency Test, and the Dig-
it Symbol Substitution Test (DSST). Older adults with
diabetes showed mild cognitive dysfunction, as meas-
ured by the DSST, a sensitive measure of global cogni-
tive function. The association ceased to be significant
after adjusting for education. Previous research has
shown that education level modifies the relationship
between Alzheimer's disease pathology and cognitive
function in older adults (29). However, in the overall
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US population, with increasing HbAlc, a measure
of average blood glucose levels over approximately
three to four months, a significantly higher propor-
tion of older adults with HbAlc >8.0% (>64 mmol/
mol) exhibited cognitive impairment, as measured
by the DSST, compared with their counterparts with
HbAlc <7.0% (<53 mmol/mol). Results from the
CERAD W-L measure, a test of word learning and
short-term memory, suggest that decreased glucose
sensitivity may affect memory structures in the brain,
including the hippocampus (4). The Longitudinal
Study of Health and Retirement found that among
adults >50 years of age, diabetes was associated with
a 10% faster rate of memory decline, as measured
by immediate and delayed recall of a word list. The
CERAD analysis showed that verbal learning abili-
ty is compromised in individuals with diabetes, and
the relationship of these changes to the hippocam-
pus was identified. The importance of HbAlc was
also highlighted, as it has diagnostic and prognostic
value for diabetes mellitus and its associated comor-
bidities [46]. These findings have been corroborated
by various epidemiological studies, such as those by
Dove A et al., who emphasize the role of low-grade
systemic inflammation, measured by C-reactive pro-
tein, sedentary lifestyle, and obesity [62]. The study
of the association between diabetes in old age and
hyperglycemia with the incidence of mild cognitive
impairment and dementia [63]. The work of Ehrlich
JR et al., who highlight the progression from mild
cognitive impairment to dementia where all activi-
ties of daily living are lost, including the ability to
recognize people, orientation, and mobility, leading
to immobility [64]. These observations can be ex-
trapolated to different populations, as demonstrated
by the work of Mayeda Er, who studied this problem
in older Mexican Americans with diabetes mellitus
[65] and in the Chinese population [66-67], in the
English population [68]. In The Edinburgh Type 2
Diabetes Study, the role of obesity in the diabet-
ic population and the development of dementia is
highlighted [69], to which we add the importance of
abdominal circumference measurement, which indi-
cates central obesity that is generally accompanied
by low-grade systemic inflammation, as demon-
strated by Yuan Y et al. [70] and Suemoto GK et al.
in a population in Brazil. [71]. To which we must
add that sarcopenia is independently associated with
cognitive impairment and a higher risk of mortality
from stroke or Alzheimer's disease compared to their

healthy counterparts. Mobility, determined by the in-
teraction of bone structure, brain muscle function, and
balance associated with delayed memory, influences
glycemic control and disease management in older
adults with diabetes mellitus and is associated with an
increased risk of falls [72]. Likewise, in older adults
with DM, the presence of geriatric syndromes such as
polypharmacy, immobility, pain, and mood disorders
is increased [73]. To which we must add the danger
of hypoglycemia associated with the alteration of reg-
ulatory mechanisms and the treatment of DM itself,
which can cause damage due to lack of nutrients at
the cerebral level or arrhythmias that cause ventricular
fibrillation or trigger coagulation mechanisms gener-
ating emboli that cause stroke [ 74,75] (Fig. 7) The
person will be in Group 2 of the Comprehensive Ger-
iatric Assessment of Older Adults with Diabetes Mel-
litus, and all available resources will be used for their
treatment.

Figure 7: CT scan showing brain damage one month
after an ischemic Stroke [75].

Established Dementia Stage

This stage corresponds to level 3 of the Comprehen-
sive Geriatric Assessment of Older Adults with Dia-
betes Mellitus, loss of functional independence, and
extreme frailty. Severe damage has already occurred
in all systems, especially the central nervous system.
Therefore, the person has lost their functional inde-
pendence and is dependent for all activities of daily
living, requiring assistance. Social support, especially
from caregivers, is essential. From a clinical perspec-
tive, the goal is to achieve maximum comfort, pre-
vent pain and dehydration due to diabetic polyuria by
keeping blood glucose levels below 180 mg/dL, and
prevent hyperosmolar coma. Efforts will be made to
prevent pressure ulcers, aspiration pneumonia, falls,
and fractures. Cell loss is progressive; the aim is to
limit this loss through protein-rich nutrition.
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Mobility

In older adults with diabetes mellitus (DM), mobil-
ity presents variations characterized by changes in
gait speed and spatiotemporal characteristics, which
are subsequently associated with cognitive impair-
ment [76]. Understanding mobility impairment is
important for recognizing its role in diabetes com-
plications and preventing falls, fractures, and loss
of functional independence. Herings et al. evaluated
the relationship between gait characteristics derived
from the Inertial Movement Unit (IMU) and cogni-
tive function assessed using the Montreal Cognitive
Assessment (MoCA)/Detailed Neuropsychological
Assessment Battery (CANTAB) in middle-aged
adults with and without uncomplicated T2D using
multivariate linear regression and a neural network
approach. Gait was assessed under conditions of (i)
normal walking, (ii) brisk (maximal) walking, and
(ii1) dual-task cognitive walking (reciting alterna-
tive letters of the alphabet). Individuals with DM
exhibited significantly slower gait speed in both
slow and brisk walks and longer, more complex
stride times during normal walking. When analyz-
ing cognitive performance, the strongest association
was observed between gait speed, global cognitive
function (MoCA), and immediate/retarded memory
performance and gait speed. This work demonstrat-
ed the impact of uncomplicated diabetes mellitus on
gait speed and gait characteristics in midlife, and the
relationship between gait characteristics, global cog-
nitive function/memory performance in midlife [77].
This supports the work we carry out in the Learning
to Live Program, where we have observed how phys-
ical activity improves motor and cognitive functions
[78, 79]. This can be assessed with the stand-up walk
test or by evaluating walking.

Figure 8: Mobility Assessment: Get Up and Go Test.

The person sits in a chair with armrests. They are in-
structed to stand up (start of test and timing), walk 3
meters, and return to the starting chair (end of timing).
Interpretation: - < 20 seconds: normal - > 20 seconds:
increased risk of falling [2].

Non-Pharmacological Activities

For the past ten years, we have been carrying out a
joint program between the Faculty of Medical Scienc-
es of the National University of Cérdoba (Extension
Secretariat, Institute of Cell Biology, Chair of Cell
Biology, Histology and Embryology), the Argentine
Diabetes Society (Gerontology Committee), the Ar-
gentine Diabetes Federation, the Friends of Diabetics
Group Foundation of Villa Carlos Paz, and the United
Schools of Integral Tackwon-do. This program focus-
es on cognitive stimulation, adapted physical activity,
social stimulation, support, health education, and met-
abolic control in older adults with and without diabe-
tes. We have observed a positive effect of non-phar-
macological measures on cognitive decline associated
with diabetes and other neurodegenerative conditions
in older adults [78,79].

Nutrition

The Geriatric Nutritional Risk Index (GNRI) helps us
make decisions by assessing nutritional risk through
the measurement of current weight, ideal body weight,
and serum albumin levels. It categorizes risk accord-
ing to the GNRI formula value as follows: Major Risk:
less than 82, Moderate Risk: 82 to 92, Low Risk: 92 to
98, No Risk: greater than 98.

Formula: GNRI: [1.489 x serum albumin (mg/ml)] +
[41.7 x current weight]
Ideal weight

Is related to the prognosis of diabetes mellitus [80],
sarcopenia [81], cognitive impairment [82], and de-
pression [83]. Low serum albumin levels are associ-
ated with brain atrophy, neuronal damage, and neu-
roinflammation [84], all mechanisms associated with
cognitive decline. Serum albumin is an antioxidant
that neutralizes free radicals and reduces damage to
nerve cells [85], a key factor in neurodegenerative
diseases such as Alzheimer's disease and Parkinson's
disease. Oxidative stress also contributes to cognitive
and physical decline in frail older adults, and nutri-
tional interventions help mitigate these effects [86].
Low serum albumin levels are associated with a state
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of chronic inflammation [87], an important factor in
cognitive decline as it promotes the abnormal depo-
sition of amyloid and tau proteins [88]. Weight and
ideal body weight are indicators that reflect an older
adult's nutritional status. Obesity due to excessive
nutrient intake is closely associated with glycolipo-
toxicity, the development of diabetes mellitus, cog-
nitive decline, and dementia. Unintentional weight
loss is a sign of severe decompensation [89]. While
older adults lose height, incorporating ideal body
weight helps reflect an individual's nutritional status
and physical health [90, 91].

Cognitive Stimulation

Within the framework of the "Learning to Live"
program, promoted by the Diabetes Friends Group
Foundation (FGAD), the Faculty of Medical Scienc-
es of the National University of Cordoba, and the
Gerontology Committee of the Argentine Diabetes
Society (SAD) [78,79], weekly cognitive stimulation
sessions are held with older adults. These one-hour
sessions provide a space guided by a psychology
professional where exercises designed to challenge
and strengthen different social and cognitive aspects
are performed. We encourage active participation in
mental exercises to maintain and improve cognitive
functions, such as memory, attention, language, and
executive skills. In addition to the cognitive benefits,
these sessions also offer a space to share experienc-
es, concerns, and resources, which promotes a sense
of community and support among participants. The
importance of these support groups lies in their abil-
ity to promote social integration, a sense of belong-
ing, and mental stimulation—fundamental elements
for psychological well-being in old age. As Berkman
et al. mention, social support and participation in
group activities can reduce the risk of depression and
improve resilience in older adults. Thus, encounter
groups contribute to the emotional health and social-
ization of older adults [92]. It is crucial to recognize
that emotions play a fundamental role in the overall
well-being of older adults. According to Baltes and
Smith, the proper management of emotions influenc-
es adaptation to life changes and the prevention of
mental health problems such as depression and anxi-
ety. Therefore, providing these group spaces to share
and understand the emotions that arise in the process
of aging and cognitive decline improves quality of
life [93].

Figure 9: Cognitive Stimulation Workshop.

Adapted Physical Activity

Adapted physical activity based on the practice of
Taekwon-do, a martial art, and meditation helps old-
er adults perceive, from the outside, the movements
they will perform and, from the inside, sensations, es-
pecially the location of each part of their body. This
aims to train mobility, balance, coordination, flex-
ibility, strength, muscle and bone mass, orientation,
visuospatial memory, attention, and semantic memory
by recalling the names of the movements. This takes
place within a framework of personalized individual
and group stimulation, as participants must coordinate
their movements with those of their activity partners
and participate in shared events, public presentations,
and events such as the "Beto Metrebian National
Marathon for People With and Without Diabetes"...
[78,79]. We incorporate meditation into these activi-
ties as a way to improve self-understanding and en-
hance self-control and attention.
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Figure 10: Tackwon-do orientation exercises for
“Older Adults” where they practice spatial orienta-
tion

Pharmacological Interventions Aimed at Cogni-
tive Decline

Until recently, no convincing evidence had been
found that any specific treatment or treatment strat-
egy for type 2 diabetes could prevent or delay cog-
nitive decline. There would be some benefit to im-
plementing multidimensional treatment, especially
indicated for people with functional independence
and those in Groups 1 and 2 of the Comprehensive
Geriatric Assessment of Older Adults with Diabetes
Mellitus [94]. We highlight the importance of meta-
bolic and cardiovascular control, non-pharmacolog-
ical measures, and caregiver support. We emphasize
the importance of pharmacology: Metformin, DPP-4
inhibitors, GLP-1 analogues, and SLGT2 inhibitors
[95].

We see how there are drugs to control diabetes that
also reduce the risk of cognitive decline [96, 97].
Therefore, we mention the main therapeutic groups,
among which we highlight GLP-1 receptor agonists
for their neuroprotective actions, especially in cases
of obesity and cardiovascular damage, and in cases
of severe hypertension, incipient renal failure, and
SLGT?2.

Biguanides Metformin

Metformin reduced cognitive dysfunction in older
adults with diabetes mellitus, always with vitamin
B12 monitoring and due to its senolytic action [98].
Zhang QQ et al. and Imfeld et al. demonstrated that
metformin reduced the risk of cognitive dysfunc-
tion in type 2 diabetes [99]. This would be related
to the decrease in cerebral insulin resistance [100],
low-grade systemic inflammation, thrombosis [101],
control of metabolic syndrome, and reduction of hy-
perinsulinemia, which can lead to the formation of
amyloid plaques in the brain and the onset of cogni-
tive dysfunction [102].

Incretins

Increased activity of dipeptidyl peptidase-4 (DPP4)
inhibitors was independently associated with im-
provement in mild cognitive impairment (MCI) in
older adults with type 2 diabetes [103]. By block-
ing DPP-4, they reduce the degradation of GLP-1, a

neurotrophic factor that prevents neurodegeneration,
through an effect on neuroplasticity by improving
synapse growth and formation [104]. They activate
the mTOR pathway and tau hyperphosphorylation, in-
hibiting hepatic gluconeogenesis, reducing insulin re-
sistance, increasing insulin sensitivity, and inhibiting
inflammation [105-107]. Chai S et al., in a meta-anal-
ysis based on randomized controlled trials, showed
that GLP-1 receptor agonists (GLP-1 RAs) can sig-
nificantly reduce the risk of stroke in people with es-
tablished atherosclerotic cardiovascular disease [108].
They demonstrated a favorable effect on cognitive de-
cline in people with type 2 diabetes (T2D) by increas-
ing the activity of brain-derived neurotrophic factor
(BDNF), which is decreased by oxidative stress and
inflammation. This, in turn, increases neuronal growth
and promotes synaptic formation [109, 110]. They ap-
pear to reverse amyloid deposition in the cognitive
impairment associated with Alzheimer's disease (AD)
[111]. However, the Carolina study did not observe a
beneficial effect of linagliptin [112].

Glucagon-like Peptide-1 Receptor Agonists (GLP-
1RAs)

Glucagon-like peptide-1 receptor agonists (GLP-
1R As) are antidiabetic drugs with effects on synaptic
plasticity, cognition, and cell survival [113]. Sema-
glutide, a GLP-1 peptide receptor agonist, approved
for the treatment of type 2 diabetes and obesity, has
shown anti-obesity potential in phase 3 clinical tri-
als such as SUSTAIN and PIONEER. This potential
was established in the STEP trials, and preclinical
and phase 2 studies indicated the therapeutic poten-
tial of semaglutide in non-alcoholic steatohepatitis
and neurodegenerative disorders such as Parkinson's
disease and Alzheimer's disease, with which diabetic
encephalopathy shares pathophysiological and clin-
ical characteristics [114]. It has a modulating effect
on addictive behaviors by influencing the activity of
the inhibitory neurotransmitter GABA in spontaneous
inhibitory postsynaptic currents (sIPSCs) of neurons
in the central amygdala (CeA) and infralimbic cortex
(ILC), allowing it to act on addictive behaviors such
as alcoholism and obesity [115]. It increases neu-
ronal development and plasticity. synaptic activity in
the hippocampus of animal models of DM improved
cognitive function [116]. They improve chronic neu-
roinflammation in neurodegenerative diseases: AD,
Parkinson's disease (PD), and type 2 DM, and also
improve insulin resistance [117].
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Selective Inhibitors of Sodium-Glucose Cotrans-
porter 2 (SGLT2)

In preclinical trials, Mone et al. observed that em-
pagliflozin, a selective inhibitor of sodium-glucose
cotransporter 2 (SGLT2), reduces vascular damage
and cognitive impairment in older adults with DM
and heart failure with preserved ejection fraction
[118]. This has also been observed in animal models
[119].

Dual Glucagon-like Peptide-1 Receptor (GLP-
1R) and Glzucagon Receptor (GCGR) Agonists
This group of drugs is particularly indicated in cases
of type 2 diabetes mellitus (T2DM) associated with
accelerated cognitive decline and obesity, which
exacerbates dementia through metabolic dysreg-
ulation, neuroinflammation, and disruption of the
blood-brain barrier (BBB); however, conventional
therapies are not effective. Large-scale, high-quality
clinical trials from the REWIND cohort demonstrat-
ed that GLP-1R agonists, such as dulaglutide, can
reduce the risk of cognitive decline by 14%. Dual/
triple agonists (e.g., tirzepatide) show improved gly-
cemic/weight control and synaptic plasticity in an-
imal models, but their neurocognitive mechanisms
are still poorly understood. Mazdutide, a dual GLP-
IR/GCGR agonist, shows superior weight loss (11-
15%) and metabolic benefits in phase III trials. Its
neurocognitive effects have not yet been explored.
Therefore, there is limited knowledge of how dual
GLP-1R/GCGR activation exerts its effects on dia-
betes-related cognitive impairment (DRI). However,
it offers hope in the treatment of cognitive decline
associated with diabetes mellitus [120].

Intranasal Insulin (IN)

Insulin receptors in the CNS have a non-metabol-
ic function and act as neuromodulators. Acute or
chronic administration of intranasal insulin does
not influence blood glucose levels, but it does im-
prove working memory, verbal fluency, attention,
and object recognition in animal models, cognitively
healthy humans, and people with cognitive impair-
ment. It improves memory by restoring the insulin
receptor signaling pathway and attenuating tau pro-
tein hyperphosphorylation [121]. Thus, intranasal
administration of neuropeptides, such as insulin and
orexins, could be a treatment strategy for age-related
cognitive decline (ARCD), since dysfunctional neu-
ropeptide signaling is characteristic of ARCD. It is

a relatively non-invasive method, directly delivering
peptides to the brain. Studies in laboratory animals,
young humans, and elderly individuals have shown
improvement in cognitive decline after IN insulin
administration. Fewer laboratories have evaluated
the effects of IN orexins. However, this peptide also
shows promise as an effective treatment for ARCD
by activating the cholinergic system and/or reducing
neuroinflammation [122].

Special Actions: Microbiota, Diabetes, and Cogni-
tion

Nutrition is an environmental factor that influences
taxonomic changes in the gut microbiota and the de-
velopment of T2D. Evidence has shown that the ef-
fects of nutrition on both parameters are complemen-
tary and that changes in the gut microbiota and related
metabolites, such as short-chain fatty acids (SCFAs)
and branched-chain amino acids (BCAAs), can influ-
ence systemic inflammation and signaling pathways
that contribute to the pathophysiological processes
associated with T2D [123]. We can improve T2D and
its complications by remodeling the gut microbiota
through interventions such as drugs, probiotics, prebi-
otics, fecal microbiota transplantation (FMT), and di-
ets [124]. Probiotics and prebiotics such as Lactoba-
cillus rhamnosus LRa05 reduced fasting glucose and
insulin resistance by regulating the composition of
the gut microbiota in mice with T2D. Polysaccharides
derived from Ganoderma lucidum and a high-fiber
diet improved insulin resistance and inflammation in
mice fed a high-fiber diet (HFD) by reversing gut mi-
crobiota dysbiosis and maintaining intestinal barrier
integrity, indicating that polysaccharides could be an
effective prebiotic for the treatment of diabetes and its
complications [125].

Conclusion

We must think, see, and act holistically, recognizing
that older adults with diabetes present a complex con-
dition that affects their quality of life. Understanding
their categorization according to their functional abili-
ties and the impact of diabetes will allow us to person-
alize care for older adults with diabetes and cognitive
impairment.

References

1. American Diabetes Association (2026) Older
Adults. Diabetes Care Supplement 1: S277-S296.

2. Diaz-Gerevini GT, Parisi C, Avila MB (2026)

J. of Adv Clin Neu Res

Vol:2,2. Pg:13



Research Article Open Access

10.

11.

Manual for Older Adults with Diabetes Mel-
litus https://shop.autorenwelt.de/products/
manual-for-older-adults-with-diabetes-mel-
litus-von-gustavo-t-diaz-gerevini-carina-pa-
risi-und-maria-belen-avila.

. Zheng B, Su B, Price G, Tzoulaki I, Ahmadi-Ab-

hari S, et al. (2021) Glycemic control, diabetic
complications, and risk of dementia in patients
with diabetes: results from a large U.K. cohort
study. Diabetes Care 44: 1556-1563.
Noguchi-Shino H, Hara M, Yuki-Nozaki S, Abe
C, et al. (2022) Diabetes mellitus, elevated he-
moglobin Alc, and glycated albumin are asso-
ciated with the presence of all-cause dementia
and Alzheimer’s disease: the JPSC-AD Study. J
Alzheimers Dis 85: 235-247.

Cholerton B, Baker LD, Montine TJ, Craft S
(2016) Type 2 Diabetes, Cognition, and Demen-
tia in Older Adults: Toward a Precision Health
Approach. Diabetes Spectr 29: 210-219.

Wu B, Luo H, Tan C, Qi X, Sloan FA, et al.
(2023) Diabetes, Edentulism, and Cognitive De-
cline: A 12-Year Prospective Analysis. J Dent
Res 102: 879-886.

Nagasawa K, Matsumura K, Uchida T, Suzuki Y,
Nishimura A, et al. (2025) Longitudinal chang-
es in cognitive function and its related factors in
older type 1 diabetes mellitus patients without
dementia. J Diabetes Investig 16: 2234-2241.
Fonseca LM, Kanapka L, Miller K, Pratley R,
Rickels MR, et al. (2024) Risk factors associ-
ated with cognitive performance and cognitive
impairment in older adults with type 1 diabetes:
Data from the WISDM study. J Diabetes Com-
plications 38: 108739.

Xue M, Xu W, Ou Y-N (2019) Diabetes mellitus
and risks of cognitive impairment and dementia:
a systematic review and meta-analysis of 144
prospective studies. Ageing Res Rev 55: 100944.
Newby D, Garfield V (2022) Understanding the
inter-relationships of type 2 diabetes and hyper-
tension with brain and cognitive health: A UK
Biobank study. Diabetes Obes Metab 24: 938-
947.

Ge J, Han Y, Peng S, Zhang S, Zheng L (2025)
U-shaped association between BMI and cogni-
tive impairment in middle-aged and older adults
with type 2 diabetes: effect modification by
lifestyle and exercise. Front Public Health 13:
1675383.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Manacharoen A, Jayanama K, Ruangritchankul S,
Vathesatogkit P, Sritara P, et al. (2023) Association
of body mass index and dietary intake with mild
cognitive impairment and dementia: a retrospec-
tive cohort study. BMC Geriatr 23: 3.

Guo J, Wang J, Dove A, Chen H, Yuan C, et al.
(2022) Body Mass Index Trajectories Preceding
Incident Mild Cognitive Impairment and Demen-
tia. JAMA Psychiatry 79: 1180-1187.
Muhammad T, Govindu M, Srivastava S (2021)
Relationship between chewing tobacco, smok-
ing, consuming alcohol and cognitive impairment
among older adults in India: a cross-sectional
study. BMC Geriatr 21: 85.

Gorska-Ciebiada M, Saryusz-Wolska M, Ciebiada
M, Loba J (2014) Mild cognitive impairment and
depressive symptoms in elderly patients with dia-
betes: prevalence, risk factors, and comorbidity. J
Diabetes Res 2014: 179648.

Johnson LA, Zhang F, Large S, Hall J, O'Bryant
SE (2020) The impact of comorbid depression-di-
abetes on proteomic outcomes among communi-
ty-dwelling Mexican Americans with mild cogni-
tive impairment. Int Psychogeriatr 32: 17-23.

Lee TH, Yau SY (2020) From Obesity to Hip-
pocampal Neurodegeneration: Pathogenesis and
Non-Pharmacological Interventions. Int J Mol Sci
22:201.

Dai P, Yu J, Lin Y, Zhou X, Wang H, et al. (2025)
Temporal trends in dementias in older adults at-
tributable to high fasting plasma glucose from
1990 to 2021 and forecasted disease burden in
2040 in China and globally. Front Public Health
13: 1584386.

Ma F, Zhang Q, Shi J, Li S, Wu L, et al. (2023)
Risk factors for cognitive dysfunction and glyce-
mic management in older adults with type 2 dia-
betes mellitus: a retrospective study. BMC Endocr
Disord 23: 220.

Ehtewish H, Arredouani A, El-Agnaf O (2022) Di-
agnostic, Prognostic, and Mechanistic Biomarkers
of Diabetes Mellitus-Associated Cognitive De-
cline. Int J Mol Sci 23: 6144.

Sumbul-Sekerci B, Pasin O, Balkan E, Seker-
ci A (2025) The Role of Inflammation, Oxida-
tive Stress, Neuronal Damage, and Endothelial
Dysfunction in the Neuropathology of Cognitive
Complications in Diabetes: A Moderation and
Mediation Analysis. Brain Behav 15: €70225.
Blevins BL, Vinters HV, Love S, Wilcock DM,

J. of Adv Clin Neu Res

Vol:2,2. Pg:14



Research Article Open Access

Grinberg LT, et al. (2021) Brain arteriolosclero-
sis. Acta Neuropathol 141: 1-24.
Barone E, Di Domenico F, Perluigi M, Butter-
field DA (2021) The interplay among oxidative
stress, brain insulin resistance and AMPK dys-
function contribute to neurodegeneration in type
2 diabetes and Alzheimer disease. Free Radic
Biol Med 176: 16-33.
Vargas-Soria M, Ramos-Rodriguez JJ, Del Mar-
co A, Hierro-Bujalance C, Carranza-Naval MJ,
et al. (2022) Accelerated amyloid angiopathy
and related vascular alterations in a mixed mu-
rine model of Alzheimer’s disease and type two
diabetes. Fluids Barriers CNS 19: 88.
Blazquez E, Hurtado-Carneiro V, LeBaut-Ayuso
Y, Velazquez E, Garcia-Garcia L, et al. (2022)
Significance of Brain Glucose Hypometabolism,
Altered Insulin Signal Transduction, and Insulin
Resistance in Several Neurological Diseases.
Front Endocrinol (Lausanne) 13: 873301.
Chui HC, Zheng L, Reed BR, Vinters HV, Mack
WIJ (2012) Vascular risk factors and Alzheim-
er’s disease: Are these risk factors for plaques
and tangles or for concomitant vascular pathol-
ogy that increases the likelihood of dementia?
Alzheimers Res Ther 4: 1.
Beeri MS, Silverman JM, Davis KL, Marin D,
Grossman HZ, et al. (2005) Type 2 diabetes is
negatively associated with Alzheimer’s disease
neuropathology. J Gerontol A Biol Sci Med Sci
60: 471-475.
Heitner J, Dickson D (1997) Diabetics do not
have increased Alzheimer-type pathology com-
pared with age-matched control subjects: A ret-
rospective postmortem study. Neurology 49:
1306-1311.
Dos Santos Matioli MNP, Suemoto CK, Rodri-
guez RD, Farias DS, da Silva MM, et al. (2017)
Diabetes is not associated with Alzheimer's dis-
ease neuropathology. J Alzheimers Dis 60: 1035-
1043.
Diaz-Gerevini GT, Dain A, Pasqualini ME,
Loépez CB, Eynard AR, et al. (2019) Diabetic en-
cephalopathy: beneficial effects of supplementa-
tion with fatty acids ®3 and nordihydroguaiaretic
acid in a spontaneous diabetes rat model. Lipids
Health Dis 18: 43-46.
31. Du M, Jiang T, He S, Cheng B, Zhang X, et al.
(2023) Sigma-1 Receptor as a protective factor
for diabetes-associated cognitive dysfunction via

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

regulating astrocytic endoplasmic reticulum-mi-
tochondrion contact and endoplasmic reticulum
stress. Cells 12: 197.

Zhu Q (2020) The ER stress-autophagy axis: im-
plications for cognitive dysfunction in diabetes
mellitus. Clin Sci (Lond) 134: 1255-1258.
Biessels GJ, Nobili F, Teunissen CE, Simo6 R,
Scheltens P (2020) Understanding multifactorial
brain changes in type 2 diabetes: a biomarker per-
spective. Lancet Neurol 19: 699-710.
Bello-Chavolla OY, Antonio-Villa NE, Var-
gas-Vazquez A, Avila-Funes JA, Aguilar-Salinas
CA (2019) Pathophysiological mechanisms link-
ing type 2 diabetes and dementia: review of ev-
idence from clinical, translational and epidemio-
logical research. Curr Diabetes Rev 15: 456-470.
Davies B, Garcia F, Ara I, Artalejo FR, Rodri-
guez-Maiias L, et al. (2018) Relationship between
sarcopenia and frailty in the Toledo study on
healthy aging: A population-based cross-sectional
study. J Am Med Dir Assoc 19: 282-286.

Kalyani RR, Corriere M, Ferrucci L (2014) Age-
and disease-related muscle loss: the effect of dia-
betes, obesity, and other diseases. Lancet Diabetes
Endocrinol 2: 819-829.

Abd Ghafar MZA, O'Donovan M, Sezgin D,
Moloney E, Rodriguez-Laso A, et al. (2022) Frail-
ty and diabetes in older adults: Overview of cur-
rent controversies and challenges in clinical prac-
tice. Front Clin Diabetes Healthc 3: 895313.
World Health Organization (1984) The uses of
epidemiology in the study of the elderly. World
Health Organ Tech Rep Ser 706: 1-84.

Shoji T, Kogure K, Toda N, Hakoshima M, Kat-
suyama H, et al. (2024) Association between
comorbidities associated with diabetes and high-
er-level functional status in older patients with
type 2 diabetes mellitus: a cross sectional study.
Eur Geriatr Med 15: 1101-1110.

Amlak BT, Getinet M, Getie A, Kebede WM,
Tarekegn TT, et al. (2025) Functional disability
in basic and instrumental activities of daily living
among older adults globally: a systematic review
and meta-analysis. BMC Geriatr 25: 413.

Clare L, Wu YT, Teale JC, MacLeod C, Matthews
F, Brayne C, et al. (2017) Potentially modifiable
lifestyle factors, cognitive reserve, and cogni-
tive function in later life: A cross-sectional study.
PLoS Med 14: ¢1002259.

Taniguchi Y, Kitamura A, Nofuji Y, (2019) Asso-

J. of Adv Clin Neu Res

Vol:2,2. Pg:15



Research Article Open Access

ciation of trajectories of higher-level functional
capacity with mortality and medical and long-
term care costs among community-dwelling old-
er Japanese. J Gerontol A Biol Sci Med Sci 74:
211-218.

Wang X, Meng S, Xiao X, Lu L, Chen H, et al.
(2026) Characterization of models for identify-
ing physical and cognitive frailty in older adults
with diabetes: Systematic review and meta-anal-
ysis. J Med Internet Res 28: e84617.

Wu Y, Xiong T, Tan X, Chen L (2022) Frailty
and risk of microvascular complications in pa-
tients with type 2 diabetes: a population-based
cohort study. BMC Med 20: 473.

Zhang X, Bo Y, Li Z (2025) Association between
frailty and cognitive function: a pooled analysis
of three ageing cohorts. Transl Psychiatry 15:
486.

Perna S, Francis MD, Bologna C, Moncaglieri F,
Riva A, et al. (2017) Performance of Edmonton
Frail Scale on frailty assessment: its association
with multi-dimensional geriatric conditions as-
sessed with specific screening tools. BMC Ger-
iatr 17: 2.

Won CW, Lee Y, Kim S, Yoo J, Kim M, et al.
(2018) Modified criteria for diagnosing cogni-
tive frailty. Psychiatry Investig 15: 839-842.
Guo L, Xiao X (2024) Guideline for the manage-
ment of diabetes mellitus in the elderly in China
(2024 edition). Aging Med (Milton) 7: 5-51.
Biessels GJ, Strachan MW, Visseren FL, Kap-
pelle LJ, Whitmer RA (2014) Dementia and cog-
nitive decline in type 2 diabetes and prediabetic
stages: towards targeted interventions. Lancet
Diabetes Endocrinol 2: 246-255.

Sundermann EE, Thomas KR, Bangen KJ, Wei-
gand AJ, Eppig JS, et al. (2021) Prediabetes is
associated with brain hypometabolism and cog-
nitive decline in a sex-dependent manner: A
longitudinal study of nondemented older adults.
Front Neurol 12: 551975.

51. Koekkoek PS, Kappelle LJ, van den Berg E, Rut-
ten GE, Biessels GJ (2015) Cognitive function
in patients with diabetes mellitus: guidance for
daily care. Lancet Neurol 14: 329-340.
Diaz-Gerevini GT, Repossi G, Dain A, Tarres
MC, Das UN, et al. (2014) Cognitive and motor
perturbations in elderly with longstanding diabe-
tes mellitus. Nutrition 30: 628-635.

53. Monette MC, Baird A, Jackson DL (2014) A

43.

44,

45.

46.

47.

48.

49.

50.

52.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

meta-analysis of cognitive functioning in nonde-
mented adults with type 2 diabetes mellitus. Can J
Diabetes 38: 401-408.

Yaffe K (2012) Diabetes, glucose control, and
9-year cognitive decline among older adults with-
out dementia. Arch Neurol 69: 1170-1175.
Roberts R, Knopman DS (2013) Classification
and epidemiology of MCI. Clin Geriatr Med 29:
753-772.

Marseglia A, Dahl Aslan AK, Fratiglioni L, Santo-
ni G, Pedersen NL, et al. (2018) Cognitive trajec-
tories of older adults with prediabetes and diabe-
tes: A population-based cohort study. J Gerontol A
Biol Sci Med Sci 73: 400-406.

Wang X, Li X, Wang W, Shi G, Wu R, et al. (2022)
Longitudinal associations of newly diagnosed
prediabetes and diabetes with cognitive function
among Chinese adults aged 45 years and older. J
Diabetes Res 2022: 9458646.

Casagrande SS, Lee C, Stoeckel LE, Menke A,
Cowie CC (2021) Cognitive function among old-
er adults with diabetes and prediabetes, NHANES
2011-2014. Diabetes Res Clin Pract 178: 108939.
Bao J, Xu T, Gu T, SunY, Jiang Y (2025) Corre-
lation between time in range and mild cognitive
impairment in older adults with type 2 diabetes
mellitus. J Diabetes Investig 16: 2225-2233.
Gruber JR, Ruf A, St} ED, Tariverdian S, Ahrens
KF, et al. (2024) Impact of blood glucose on cog-
nitive function in insulin resistance: novel insights
from ambulatory assessment. Nutr Diabetes 14:
74.

Lee YB, Kim MY, Han K, Kim B, Park J, et al.
(2022) Association between cholesterol levels and
dementia risk according to the presence of diabe-
tes and statin use: a nationwide cohort study. Sci
Rep 12: 19383.

Dove A, Shang Y, Xu W, Grande G, Laukka EJ,
et al. (2021) The impact of diabetes on cogni-
tive impairment and its progression to dementia.
Alzheimers Dement 17: 1769-1778.

Rawlings AM, Sharrett AR, Albert MS, Coresh
J, Windham BG, et al. (2019) The association of
late-life diabetes status and hyperglycemia with
incident mild cognitive impairment and dementia:
The ARIC Study. Diabetes Care 42: 1248-1254.
Ehrlich JR, Swenor BK, Zhou'Y, Langa KM (2021)
The longitudinal association of vision impairment
with transitions to cognitive impairment and de-
mentia: Findings from the Aging, Demographics

J. of Adv Clin Neu Res

Vol:2,2. Pg:16



Research Article Open Access

and Memory Study. J Gerontol A Biol Sci Med
Sci 76: 2187-2193.

Mayeda ER, Haan MN, Kanaya AM, Yaffe K,
Neuhaus J (2013) Type 2 diabetes and 10-year
risk of dementia and cognitive impairment
among older Mexican Americans. Diabetes Care
36: 2600-2606.

YouY, LiuZ, Chen Y, XuY, Qin J, et al. (2021)
The prevalence of mild cognitive impairment in
type 2 diabetes mellitus patients: a systematic re-
view and meta-analysis. Acta Diabetol 58: 671-
685.

Chen S, Ling Y, Zhou F, Qiao X, Reinhardt JD
(2024) Trajectories of cognitive function among
people aged 45 years and older living with dia-
betes in China: Results from a nationally repre-
sentative longitudinal study (2011~2018). PLoS
One 19: €0299316.

Zheng F, Yan L, Yang Z, Zhong B, Xie W (2018)
HbA Ic, diabetes and cognitive decline: the Eng-
lish Longitudinal Study of Ageing. Diabetologia
61: 839-848.

Chen BJ, Sluiman AJ, Khalid W, Strachan MW,
Price JF (2023) Risk of dementia associated with
body mass index, changes in body weight and
waist circumference in older people with type 2
diabetes: The Edinburgh Type 2 Diabetes Study.
Diabet Med 40: e15063.

Yuan Y, Liu K, Zheng M, Chen S, Wang H, et al.
(2022) Analysis of changes in weight, waist cir-
cumference, or both, and all-cause mortality in
Chinese adults. JAMA Netw Open 5: €2225876.
Suemoto CK, Lebrao ML, Duarte YA, Danaei
G (2015) Effects of body mass index, abdomi-
nal obesity, and type 2 diabetes on mortality in
community-dwelling elderly in Sao Paulo, Bra-
zil: analysis of prospective data from the SABE
study. J Gerontol A Biol Sci Med Sci 70: 503-
510.

Blackwood J (2019) Cognitive function and falls
in older adults with type 2 diabetes mellitus. J
Geriatr Phys Ther 42: E91-E96.

Neumiller JJ, Munshi MN (2023) Geriatric syn-
dromes in older adults with diabetes. Endocrinol
Metab Clin North Am 52: 341-353.

Freeman J (2019) Management of hypoglycemia
in older adults with type 2 diabetes. Postgrad
Med 131: 241-250.

Diaz-Gerevini GT, Parisi C, Reartes G, Rojas
P, Wilson V, et al. (2026) Hypoglycemia and its

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

relationship with stroke in an elderly adult with
multiple comorbidities, especially type 2 diabetes
mellitus. J Case Rep Rev Med. ISSN: 3069-0749.
Zhong Q, Ali N, Gao Y, Wu H, Wu X, et al. (2021)
Gait kinematic and kinetic characteristics of older
adults with mild cognitive impairment and sub-
jective cognitive decline: A cross-sectional study.
Front Aging Neurosci 13: 664558.

77. Herings PMR, Dyer AH, Kennelly SP, Reid
S, Killane I, et al. (2022) Gait characteristics and
cognitive function in middle-aged adults with and
without type 2 diabetes mellitus: Data from EN-
BIND. Sensors (Basel) 22: 5710.

Diaz Gerevini GT, Quiroga P, Lopez C, Repossi G
(2017) Academic bases of the Harmony program.
Taekwondo Generation 7: 58-61.

Diaz-Gerevini GT, Campanella C, Reartes GA,
Lopez C, Priotto S, Wilson V, et al. (2021) Bene-
ficial effects of the “Learning to Live” program on
the psychoaffective health of diabetic and non-di-
abetic older adults from Carlos Paz, Cordoba,
Argentina in times of the COVID-19 pandemic.
Pinelatinoamericana 1: 26-35.

Shen X, Yang L, Gu X, Liu YY, Jiang L (2023)
Geriatric Nutrition Risk Index as a predictor of
cardiovascular and all-cause mortality in older
Americans with diabetes. Diabetol Metab Syndr
15: 89.

Shiroma K, Tanabe H, Takiguchi Y, Yamaguchi M,
Sato M, et al. (2023) A nutritional assessment tool,
GNRI, predicts sarcopenia and its components in
type 2 diabetes mellitus: A Japanese cross-section-
al study. Front Nutr 10: 1087471.

Huang XT, Lv X, Jiang H (2023) The weight-ad-
justed-waist index and cognitive impairment
among U.S. older adults: a population-based
study. Front Endocrinol (Lausanne) 14: 1276212.
Li Z, Zhang L, Yang Q, Zhou X, Yang M, et al.
(2024) Association between geriatric nutritional
risk index and depression prevalence in the elder-
ly population in NHANES. BMC Public Health
24: 460.

Deng S, Liu S, Jin P, Feng S, Tian M, et al. (2021)
Albumin reduces oxidative stress and neuronal
apoptosis via the ERK/Nrf2/HO-1 pathway after
intracerebral hemorrhage in rats. Oxid Med Cell
Longev 2021: 8891373.

Belinskaia DA, Voronina PA, Shmurak VI, Jen-
kins RO, Goncharov NV (2021) Serum albumin
in health and disease: Esterase, antioxidant, trans-

J. of Adv Clin Neu Res

Vol:2,2. Pg:17



Research Article Open Access

porting and signaling properties. Int J Mol Sci
22:10318.

86. Mone P, De Luca A, Santulli G (2024) Editori-
al: Frailty and oxidative stress. Front Aging 4:
1345486.

87. Sheinenzon A, Shehadeh M, Michelis R, Shaoul
E, Ronen O (2021) Serum albumin levels and in-
flammation. Int J Biol Macromol 184: 857-862.

88. Tzioras M, McGeachan RI, Durrant CS, Spires-
Jones TL (2023) Synaptic degeneration in
Alzheimer disease. Nat Rev Neurol 19: 19-38.

89. Zonneveld MH, Noordam R, Sabayan B, Stott
DJ, Mooijaart SP, et al. (2023) Weight loss, vis-
it-to-visit body weight variability and cognitive
function in older individuals. Age Ageing 52:
afac312.

90. Bouillanne O, Morineau G, Dupont C, Cou-
lombel I, Vincent JP, et al. (2005) Geriatric nu-
tritional risk index: A new index for evaluating
at-risk elderly medical patients. Am J Clin Nutr
82: 777-783.

91. Wang S, Zhang J, Zhuang J, Wang Y, Xu D, et al.
(2024) Association between geriatric nutritional
risk index and cognitive function in older adults
with/without chronic kidney disease. Brain Be-
hav 14: ¢70015.

92. Berkman LF, Glass T, Brissette I, Seeman TE
(2000) From social integration to health: Durk-
heim in the new millennium. Soc Sci Med 51:
843-857.

93. Baltes PB, Smith J (2003) Emotional develop-
ment across the life span. In: Lerner RM, Eas-
terbrooks MA, eds. Handbook of Psychology:
Developmental Psychology. 473-499.

94. Hafdi M, Hoevenaar-Blom MP, Richard E (2021)
Multi-domain interventions for the prevention of
dementia and cognitive decline. Cochrane Data-
base Syst Rev 11: CD013572.

95. Gunawan PY, Gunawan PA, Hariyanto TI (2024)
Risk of dementia in patients with diabetes using
sodium-glucose transporter 2 inhibitors (SGL-
T2i): A systematic review, meta-analysis, and
meta-regression. Diabetes Ther 15: 663-675.

96. Chen Q, Cao T, Li N, Zeng C, Zhang S, et al.
(2021) Repurposing of anti-diabetic agents as a
new opportunity to alleviate cognitive impair-
ment in neurodegenerative and neuropsychiatric
disorders. Front Pharmacol 12: 667874.

97. Aderinto N, Olatunji G, Abdulbasit M, Ashinze
P, Faturoti O, et al. (2023) The impact of diabe-

tes in cognitive impairment: A review of current
evidence and prospects for future investigations.
Medicine (Baltimore) 102: e35557.

98. Ng TP, Feng L, Yap KB, et al. (2014) Long-term
metformin usage and cognitive function among
older adults with diabetes. J Alzheimers Dis 41:
61-68.

99. Zhang QQ, Li WS, Liu Z, Zhang HL, Ba YG, et al.
(2020) Metformin therapy and cognitive dysfunc-
tion in patients with type 2 diabetes: A meta-anal-
ysis and systematic review. Medicine (Baltimore)
99: e19378.

100. Kitabchi AE, Temprosa M, Knowler WC, et
al. (2005) Role of insulin secretion and sensitivity
in the evolution of type 2 diabetes in the diabetes
prevention program: effects of lifestyle interven-
tion and metformin. Diabetes 54: 2404-2414.

101. Haffner S, Temprosa M, Crandall J, et al.
(2005) Intensive lifestyle intervention or met-
formin on inflammation and coagulation in partic-
ipants with impaired glucose tolerance. Diabetes
54: 1566-1572.

102. Qiu WQ, Folstein MF (2006) Insulin, insu-
lin-degrading enzyme and amyloid-beta peptide in
Alzheimer's disease: review and hypothesis. Neu-
robiol Aging 27: 190-198.

103.  Zheng T, Qin L, Chen B, et al. (2016) Associ-
ation of plasma DPP4 activity with mild cognitive
impairment in elderly patients with type 2 diabe-
tes: results from the GDMD study in China. Dia-
betes Care 39: 1594-1601.

104. Salcedo I, Tweedie D, Li Y, Greig NH (2012)
Neuroprotective and neurotrophic actions of
glucagon-like peptide-1: an emerging opportuni-
ty to treat neurodegenerative and cerebrovascular
disorders. Br J Pharmacol 166: 1586-1599.

105. Ma N, Liang Y, Yue L, Liu P, Xu Y, et al.
(2022) The identities of insulin signaling pathway
are affected by overexpression of Tau and its phos-
phorylation form. Front Aging Neurosci 14.

106. Zheng J, Wang Y, Liu Y (2022) cPKCy defi-
ciency exacerbates autophagy impairment and
hyperphosphorylated tau buildup through the
AMPK/mTOR pathway in mice with type 1 dia-
betes mellitus. Neurosci Bull 38: 1153-1169.

107.  Wang YY, Yan Q, Huang ZT (2021) Amelio-
rating ribosylation-induced amyloid-p pathology
by berberine via inhibiting mTOR/p70S6K sign-
aling. J Alzheimers Dis 79: 833-844.

108. Chai S, Liu F, Yu S, Yang Z, Sun F (2023)

J. of Adv Clin Neu Res

Vol:2,2. Pg:18



Research Article Open Access

Cognitive protection of incretin-based therapies
in patients with type 2 diabetes mellitus: A sys-
tematic review and meta-analysis based on clini-
cal studies. J Diabetes Investig 14: 864-873.

109. Xiao L, Ge B, Chen X (2019) The relation-
ship between plasma DPP4 activity to BDNF
ratio and mild cognitive impairment in elderly
population with normal glucose tolerance. Front
Aging Neurosci 11: 33.

110. Al-Rawaf HA, Alghadir AH, Gabr SA (2021)
Molecular changes in circulating microRNAs’
expression and oxidative stress in adults with
mild cognitive impairment: a biochemical and
molecular study. Clin Interv Aging 16: 57-70.

111.  Agarwal P, Alok S, Fatima A, Singh PP
(2013) Herbal remedies for neurodegenerative
disorder (Alzheimer’s disease): a Review. Int J
Pharma Sci Res 4: 3328.

112.  Biessels GJ, Verhagen C, Janssen J, van den
Berg E, Wallenstein G, et al. (2021) Effects of lin-
agliptin vs glimepiride on cognitive performance
in type 2 diabetes: results of the randomised dou-
ble-blind, active-controlled CAROLINA-COG-
NITION study. Diabetologia 64: 1235-1245.

113.  Pelle MC, Zaffina I, Giofr¢ F, Pujia R, Ar-
turi F (2023) Potential Role of Glucagon-like
Peptide-1 Receptor Agonists in the Treatment
of Cognitive Decline and Dementia in Diabetes
Mellitus. Int J Mol Sci 24: 11301.

114.  Mahapatra MK, Karuppasamy M, Sahoo BM
(2022) Therapeutic Potential of Semaglutide, a
Newer GLP-1 Receptor Agonist, in Abating
Obesity, Non-Alcoholic Steatohepatitis and
Neurodegenerative diseases: A Narrative Re-
view. Pharm Res 39: 1233-1248.

115.  Chuong V, Farokhnia M, Khom S, Pince CL,
Elvig SK, et al. (2023) The glucagon-like pep-
tide-1 (GLP-1) analogue semaglutide reduces
alcohol drinking and modulates central GABA
neurotransmission. JCI Insight 8: ¢170671.

116. Chen X, Chen S, Li Z, Zhu R, Jia Z, et al.
(2023) Effect of semaglutide and empagliflozin
on cognitive function and hippocampal phos-
phoproteomic in obese mice. Front Pharmacol
14: 975830.

117. Kopp KO, Glotfelty EJ, Li Y, Greig NH
(2022) Glucagon-like peptide-1 (GLP-1) receptor
agonists and neuroinflammation: Implications for
neurodegenerative disease treatment. Pharmacol
Res 186: 106550.

118. Mone P, Lombardi A, Gambardella J, Pansini
A, Macina G, et al. (2022) Empagliflozin improves
cognitive impairment in frail older adults with
type 2 diabetes and heart failure with preserved
ejection fraction. Diabetes Care 45: 1247-1251.

119. Hierro-Bujalance C, Infante-Garcia C, Del
Marco A, et al. (2020) Empagliflozin reduces
vascular damage and cognitive impairment in a
mixed murine model of Alzheimer’s disease and
type 2 diabetes. Alzheimers Res Ther 12: 40.

120. Dong W, Bai J, Yuan Q, Zhang Y, Zhang Y,
et al. (2025) Mazdutide, a dual agonist targeting
GLP-1R and GCGR, mitigates diabetes-associ-
ated cognitive dysfunction: mechanistic insights
from multi-omics analysis. EBioMedicine 117:
105791.

121. Badenes R, Qeva E, Giordano G, Rome-
ro-Garcia N, Bilotta F (2021) Intranasal insulin
administration to prevent delayed neurocognitive
recovery and postoperative neurocognitive disor-
der: A narrative review. Int J Environ Res Public
Health 18: 2681.

122.  Erichsen JM, Calva CB, Reagan LP, Fadel
JR (2021) Intranasal insulin and orexins to treat
age-related cognitive decline. Physiol Behav 234:
113370.

123.  Hamamah S, Tatcu OC, Covasa M (2024) Nu-
trition at the intersection between gut microbiota
eubiosis and effective management of type 2 dia-
betes. Nutrients 16: 269.

124.  Zhou Z, Sun B, Yu D, Zhu C (2022) Gut mi-
crobiota: An important player in type 2 diabetes
mellitus. Front Cell Infect Microbiol 12: 834485.

125. van Soest APM, Hermes GDA, Berendsen
AAM, van de Rest O, Zoetendal EG, et al. (2020)
Associations between pro- and anti-inflammato-
ry gastro-intestinal microbiota, diet, and cogni-
tive functioning in Dutch healthy older adults:
The NU-AGE Study. Nutrients 12: 3471.

Copyright: ©2026 Diaz-Gerevini-GT. This is an open-access article distributed under the terms of the Creative Commons Attri-

bution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and
source are credited.

J. of Adv Clin Neu Res

Vol:2,2. Pg:19



