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Abstract

Several epidemiological studies have clearly identified diabetes mellitus (DM) as a
major risk factor for cognitive dysfunction, and it is going to be a major public health
issue in the coming years because of the alarming rise in diabetes prevalence across the
world. Brain and neural tissues predominantly depend on glucose as energy substrate
and hence, any alterations in carbohydrate metabolism can directly impact on cerebral
functional output including cognition, executive capacity, and memory. DM affects
neuronal function and mental capacity in several ways, some of which include
hypoperfusion of the brain tissues from cerebrovascular disease, diabetes-related
alterations of glucose transporters causing abnormalities in neuronal glucose uptake
and metabolism, local hyper- and hypometabolism of brain areas from insulin
resistance, and recurrent hypoglycemic episodes inherent to pharmacotherapy of
diabetes resulting in neuronal damage. Cognitive decline can further worsen diabetes
care as DM is a disease largely self-managed by patients. Therefore, it is crucial to
understand the pathobiology of cognitive dysfunction in relation to DM and its
management for optimal long-term care plan for patients. A thorough appraisal of
normal metabolic characteristics of the brain, how alterations in neural metabolism
affects cognition, the diagnostic algorithm for patients with diabetes and dementia, and
the management and prognosis of patients when they have this dangerous combination
of illnesses is imperative in this context. This evidence-based narrative with the back-up
of latest clinical trial reviews elaborates the current understanding on diabetes and
cognitive function to empower physicians to manage their patients in day-to-day

clinical practice.
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Core Tip: Diabetes mellitus (DM) is a huge risk factor for cognitive dysfunction
especially when the glycemic control is inadequate with marked hyperglycemia and
recurrent hypoglycemia. Apart from cognitive decline inherent to the disease, presence
of other forms of dementia can adversely affect diabetes control and consequently,
negatively impact the care of dementia and DM. Appropriate control of DM with a
multidisciplinary team approach involving diabetologists, dementia specialists,
dieticians and physiotherapists should improve the clinical outcomes of either disease.
Judicious and evidence-based adjustments in the antidiabetic medications appropriately
tailored for individualised diabetes care with due consideration of patient’s age,
severity of dementia and other comorbidities should help to improve care of patients

with diabetes and dementia.

INTRODUCTION

Diabetes mellitus (DM) has become a major cause of chronic disease morbidity in the
past few decades, and according to the International Diabetes Federation data in the
year 2021, approximately 537 million adults across the globe live with the diseaselll. DM
can affect any organ system in the body, especially neural tissues and cerebrovascular
structures causing various structural and functional disorders of the nervous system.
Abnormalities in glucose metabolism including fasting and post-prandial
hyperglycemia, prediabetic state and frank diabetes can result in neural dysfunction
and various acute and chronic nervous system disorders including cognitive declinel?.,
Cognitive dysfunction of chronic (and usually irreversible) nature that affects the usual
intellectual performance of an individual is considered as dementia.

The World Health Organization (WHO) defines dementia as “a syndrome in which
there is deterioration in cognitive function beyond what might be expected from the

ual consequences of biological ageing”. According to the latest estimates of WHO,
more than 55 million people live with dementia, and about 10 million new cases added

to this pool every yearl. Although dementia often affects the elderly individuals, it is
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not an unavoidable consequence of biological ageing process. Dementia not only affects
the physical, economic, and psychosocial functioning of the individual with the disease
but also hugely impacts the carers, families, and the society, and therefore strains the
healthcare systems at large.

Based on strong scientific evidence, DM is now identified as one of the major causes,
and a potentially modifiable risk factor for the development dementia4l. A recent
meta-analysis of 122 studies observed that DM poses 1.25- to 1.91-fold higher risk for
cognitive impairment and demential*l. The study also observed an elevated risk of
dementia among subjects with prediabetes, fasting and postprandial hyperglycemia,
elevated hemoglobin Alc (HbAlc) and those with abnormal fasting plasma insulin
levels. Therefore, it is important to understand the pathobiology of diabetes and
cognitive dysfunction to develop appropriate clinical algorithms for management of
both the entities in day-to-day clinical practice which is the theme of discussion in this

evidence-based review.

REVIEW METHODOLOGY

To compile most up-to-date and the best evidence on the topic of discussion, we
performed a PubMed literature search to procure currently available best evidence. For

this we used the MeSH terms/key words: “brain metabolism”, “cognition/cognitive

function”, “cognitive dysfunction”, “dementia”, “memory loss/memory impairment”,
“diabetes mellitus” “type 2 diabetes mellitus/T2DM/T2D”, “type 1 diabetes
mellitus/T1IDM/T1D”, “pathobiology”, “pathophysiology”, “neuroimaging”, “lifestyle
intervention”, “exercise”, “diet”, “antidiabetic medications”, “insulin”
“pharmacotherapy”, “bariatric/ metabolic surgery”, “prognosis”, “clinical trials” and
“diabetes technology”.

The first two authors performed the initial literature search with guidance from the
last two authors for initial drafting of the paper with an up-to-date search performed on
10t December 2022 for revising the paper after receiving the reviewer comments from

the Journal. We used the Boolean search strategy using terms ‘AND’ or ‘OR’ where
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necessary to limit the search output to screen relevant abstracts from the web. We
limited our literature review to articles published in English language. We used data
and points from the most recent systematic reviews, randomised controlled trials
(RCTs), clinical practice guidelines, and high-quality review articles to compile the best
evidence available to us on DM and cognitive function to write the revision of this

narrative review article.

ENERGY METABOLISM IN THE BRAIN

Although brain can use various metabolic substrates for energy production and
utilisation, it predominantly uses glucose as the substrate for intermediary metabolism
under normal physiological conditions/®”l. The neuronal functions such as motor
commands, sensory perceptions, memory storage, and intellectual output are highly
dependent on the basal and on-demand metabolic activity of brain tissue. A graphical
representation of normal neuronal glucose utilisation is shown in Figure 1.

Astrocytes, the supportive glial cells of the brain, normally take up glucose from
circulating blood in the cranial arteries to provide energy substrate to brain for its
neural functions and behavioral responses!8l. This astrocyte function as such is under
the neuronal control through specific neurotransmitters and their receptors.
Experimental animal models revealed that activation of such receptors (for e.g., type-1
cannabinoid receptors associated with mitochondrial membranes in mouse astroglial
cells) hampers the brain glucose metabolism with the production of lactate, resulting in
alterations in the neuronal functions such as impairment of behavioral responses in
social interaction assaysl®l. These receptors are potential future targets for genetic and
pharmacological manipulation for modulating such responses.

The energy metabolism of brain is highly variable in different areas depending on the
neural functions and output of these regions. Most of the neural energy consumption is
at the synaptic level for signal production and transmission along with the restoration
of membrane potentials after depolarisation(®l. A good proportion of brain energy

utilization is also for the synthesis of neurotransmitters, axoplasmic transport and the
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recycling of synaptic vesicles!!®-12l. Overall, brain requires about 20% of the total oxygen
and 20%-25% of glucose consumption of the body at rest, though the weight of human
brain is only about 2% of the body weight[1315. However, during situations of stress
and higher mental functions involving complex behavioral tasks, the metabolic demand
increases further.

To facilitate optimal function of brain areas depending on the degree of neuronal
output, supply-according-to-demand mechanisms have evolved through neurovascular
and neurometabolic coupling for efficient substrate supply to the brain for fuelling
intermediary metabolism(!l. Neurovascular coupling involves increase in blood flow
and volume to improve glucose and oxygen supply to the areas of excess neuronal
activity following stimulation, while neurometabolic coupling involves the changes in
substrate utilization of astrocytes (predominantly by glycolysis) and neurons
(predominantly by oxidative metabolism). These mechanisms are developed over
centuries of genetic and metabolic adaptations in the evolution of the highly performing

intellectual brain of modern man.

Metabolic adaptations of brain

As mentioned above, metabolic activity of the brain varies depending on its neural
output for various biological tasks of daily life. Mitochondria are the powerhouses of
brain's energy production as in other body cells, and therefore alterations in
mitochondrial function can affect the intellectual performance of human brain in health
and diseasel'>%]. Mitochondria also functions as mediators of cellular “allostasis”, a
process of physiological adaptation of cells in response to various stressorsl7l. By its
bidirectional communication between stressors and stress mediators, mitochondria
confer protective adaptive responses in the cells during period of acute stressl'5l.
“Neuronal plasticity”, the physiological changes in neural electrical adaptive responses
in response to various stimuli, is largely mediated through these metabolic adaptations
at the mitochondrial level. However, chronic stressors of any category including

alterations in glucose metabolism as observed in chronic hyperglycemia, hypoglycemia,
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and DM, can cause mitochondrial damage, resulting in neural dysfunction. These
metabolic and nonmetabolic chronic stressors result in an “allostatic overload” causing
mitochondrial dysfunction and various neurological disorders consequently 15181,
Although glucose is the predominant energy substrate for human brain in
physiological states, brain can use alternate fuels such as ketone bodies, lactate, and
medium chain triglycerides when the body’s glucose supply to brain is depleted as in
periods of fasting and starvation(920], This imply that the adaptive metabolic neural
responses in relation to fasting and nutrient deprivation may have major biological
impacts on brain function including cognition and intellectual performance. Recent
evidence reveals that improvements in cognitive function, neuronal plasticity, and the
resistance of brain to injury and disease occur in response to fasting and calorie
restriction(20-22]. On other hand, over-fuelling as in metabolic disorders can result in
disease states including neurodegeneration and dementia. Various changes in the
central neural circuitry in response to dietary alterations may also modify the gut-brain
axis which in turn alter the feeding behavior impacting the metabolic adaptation of

brain as evidenced by recent scientific datal23l.

BRAIN METABOLISM AND COGNITION

Intellectual capacities of human brain such as memory, mathematical performance,
cognition, language, and executive functions are highly dependent on the degree of
cerebral metabolic activityll0l. Therefore, any gross alterations in the metabolic milieu of
brain are associated with marked changes in the neurocognitive balance in health and
disease. Recent evidence suggests that there is a significant reduction in the glucose
metabolism and functional connectivity between the intrinsic connectivity networks of
brain with ageing, which would explain the age-related cognitive decline and decline in
executive functions/24l.

Lactate, another energy substrate of brain, was also recently found to alter
neurocognitive functions(?®l. This by-product of intermediary metabolism was shown to

increase transcription of brain-derived neurotrophic factor in neural cells and neuroglia.
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Lactate derived from “aerobic glycolysis” by astrocytes was found to enhance memory
acquisition and learning-dependent synaptic plasticity in experimental mouse
modelsl?®l as shown in Figure 1. The energy demand of brain is often not adequately
met by glucose supply from cranial circulation alone during exercise as glucose
utilization by skeletal muscles increases substantially. In such situations, brain
utilization of locally produced and muscle-derived lactate increases markedly to
maintain metabolic demand for the enhanced neural synaptic activityl2l.

Marked alterations in the metabolic activity of different areas of human brain is
observed in various neurodegenerative disorders. For e.g., in diseases such as
Parkinson’s disease (PD), Alzheimer’s disease (AD), and Lewis body dementia (LBD),
the inferior parietal lobe was shown to have reduced glucose metabolism and perfusion
defectsl?7-29], These disorders are associated with significant reduction in cognitive
function implying that the metabolic dysfunction has a contributory role in such

cognitive decline.

DIABETES AND BRAIN DISORDERS

Glucose being the predominant metabolic substrate for the brain in normal
physiological states, abnormalities in glucose homeostasis in diabetes is associated with
marked changes in the structural and functional alterations in the brain. Moreover,
several brain areas such as hippocampus are very sensitive to local alternations in
glucose metabolism inherent to diabetes which may result in neuronal synaptic
reorganizationP%, and augmented astrocyte proliferation/®l. These in turn can result in
cognitive decline of diabetes especially because glucose and insulin are instrumental
regulators of cognitive function!?2.

There is a well-recognized association between higher glucose levels and the risk of
dementia among individuals with or without diabetes as shown by Crane et all®! in
2013. They observed an 18% higher risk of dementia at 5 years among subjects with a
glucose level of 6.4 mmol/L compared to those with a glucose level of 5.5 mmol/L in

nondiabetics while the risk of dementia was 40% higher among diabetics with glucose

8 /24




level 10.5 mmol/L compared to those with a level of 8.9 mmol/L. This study clearly
demonstrates the linear relationship between higher ambient glucose levels in the
central nervous system (CNS) and its potential long-term toxic effects on
neurodegeneration resulting in dementia. Another study from the United States also
showed a similar risk of cognitive decline (19% excess risk) among patients with
diabetes at 20 years compared to nondiabetic individualsi®l. This large cohort study
also revealed excess dementia risk among prediabetics, and the duration of abnormal
glycaemia had an impact on the degree of cognitive decline in patients with diabetes.
Although the presumed genetic association between type 2 DM (T2DM) and AD (also
known as type 3 diabetes) was recently refuted by a well-designed linkage analysis
studyl®®l, the two diseases appear to have a strong epidemiological link probably from a
causal role of worsening AD in patients with diabetes[3¢-38]. The metabolic dysregulation
within the CNS may accelerate the progression of AD and would explain this
association. Even though LBD is found to have no direct association with diabetes3940],
cognitive decline can be rapid in diabetics with LBD as these patients may not be on
appropriate treatment/4l. Diabetes significantly increases the risk of vascular dementia
(VaD) owing to the very strong association with cardiovascular disease (CVD), and
strokel-#4]. Regardless of the aetiology of dementia, care of diabetes and that of
dementia can be challenging when these diseases co-exist especially in elderly

individuals.

Pathophysiology central nervous system disease in diabetes

One of the putative mechanisms for cognitive dysfunction in T2DM is insulin resistance
(IR) in the brain#>%l. Neuronal cells express insulin receptors for its normal functions
such as synaptic density and plasticity of dendritesl447]. Through various complex
mechanisms, insulin receptor signaling improves synaptic and dendritic functions in
the CNS to improve cognitive performancel%l. Therefore, central IR in T2DM is often
associated with impaired cognitive function. The balance between central insulin

sensitivity and IR have also been implicated in the feeding behaviour, satiety and
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development of obesity in experimental modelsl #4849, Overnutrition and obesity,
which usually lead on to T2DM, were found to be associated with disruption of the
blood brain barrier leading to a state of neuroinflammation which in turn results in
cognitive dysfunctionl#5051]. Overnutrition also results in morphological alteration in
the hypothalamic neural circuitry that may augment overeating behaviour as a vicious
circle aggravating obesity-related pathobiological statesl*l. Alterations in gut
microbiome commonly observed as part of the adverse eating habits are also associated
with CNS neural changes causing cognitive declinel-2].

Recurrent hypoglycemia is a common consequence of advanced diabetes especially
those on insulin and sulphonylurea. Brain being an organ predominantly using glucose
as its metabolic fuel, can have gross impact of hypoglycemic episodes especially when
recurrent. The hypoglycemia awareness, partly evoked by neuroglycopenia, gradually
diminishes as an adaptive response of recurrent hypoglycemia which will aggravate
future risk of more severe hypoglycemic episodes and the consequent complications!33.
Hypoglycemia-induced oxidative stress and neural inflaimmation can result in
structural and functional alterations in vulnerable brain areas causing cognitive
impairment!®-3l. Diabetes-induced vasculopathy affects the CNS circulation altering
the cerebral blood flow remarkably. Both micro- and macrovascular damage involving
the cranial vascular bed from accelerated atherosclerotic process inherent to diabetes
are associated with neurocognitive decline and VaDI5-%]. Occurrence of microinfarcts
and full-blown strokes are characteristics of longstanding diabetes!®l. Diabetes is
identified as one of the most important causes of VaD mandating early diagnosis and
proper management to reduce this potential consequence of the disease. A graphical

representation of cognitive dysfunction in diabetes is shown in Figure 2.

DIABETES AND COGNITIVE DYSFUNCTION - DIAGNOSTIC EVALUATION

Appropriate diagnostic work up of cognitive dysfunction is especially important in
patients with diabetes when compared to other medical problems as management of

this metabolic disorder is largely patient centred with regular glucose self-monitoring,
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and self-administration of medications including insulin injections. No other human
disease needs such intense self-engagement as in diabetic patients for self-monitoring
the metabolic parameters, medication compliance, dietary adjustments, and physical
activities. Therefore, alterations in the mental functions can have a huge impact on

diabetes control which may further affect the cognitive balance in a vicious circlel5%601.

Biochemical evaluation

Periodic measurement of glycated HbAlc is the usual biochemical parameter that
enable us to monitor long term diabetes control in a patient with stable glucose levels
without marked fluctuations in daily glycemia. HbAlc level reflects the average
glycemic state over a period of 120 d, and therefore wouldn’t always reflect good
diabetes control in those with marked variability of glycemia as in patients having
recurrent hypoglycaemia alternating with hyperglycaemia. Moreover, HbAlc levels can
vary markedly in several conditions such as hemoglobinopathies, chronic kidney
disease (CKD), anaemias and use of various medicationsl®!l. Understanding these
caveats of monitoring, appropriate use of HbAlc help us to get a reasonable measure of
optimal diabetes management in patients with cognitive dysfunction.

If HbAlc is unreliable as in the situations mentioned above, an alternative
biochemical test such as fructosamine test may be usefull®62], If there is an option for
daily monitoring of capillary blood glucose (CBG) on multiple occasions, it provides the
best chance of control of glycemia in patients with memory impairment!®l. Moreover,
such monitoring would also enable us to optimise glycemic control. Newer glucose
monitoring devices also enable calculation of predicted HbA1l levels which can be
compared with the measured HbAlc to have idea about the reliability of the test.

Exclusion of other causes cognitive dysfunction such as thyroid disease, vitamin
deficiencies and liver disorders by appropriate biochemical and hormonal evaluation is
mandatory as part of initial evaluation and follow up care as and when necessary. As
these diseases can often co-exist in some patients with diabetes, prompt testing would

help timely diagnosis and appropriate management.
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Neuroimaging

Neuroimaging is an integral part of routine initial evaluation of cognitive dysfunction
in any individual to exclude structural abnormalities of the brain. Again, when there is
a rapid unexplained decline in cognition without a clear identifiable reason in patients
with known dementia, neuroimaging is warranted to exclude such abnormalities. Even
minor unnoticed trauma can be associated with intracranial bleeds in elderly
individuals which can be associated with rapid decline in memory function indicating
urgent neuroimaging. Amyloid angiopathy is another disorder associated with
spontaneous intracerebral bleed which may present similarly with an indication for
urgent imaging studiesl®.

Computed tomography scan is the usual first line imaging modality in most centres
as it is cost effective, easily available, and provides reasonable sensitivity for initial
evaluation of most major structural lesions such as stroke, tumors and hematomasl®3-63].
Magnetic resonance imaging and positron emission tomography may be necessary for
further evaluation of patient’s with cognitive dysfunction for accurate diagnosis of the
pathological entity and for follow up managementl667], In the evaluation and follow up
of patient’s with diabetes and cognitive dysfunction, imaging studies are indicated to
exclude the possibility of development of such structural abnormalities described above

or the co-existence of other disease entities such as AD, LBD or VaD.

MANAGEMENT OF DIABETES IN DEMENTIA

Owing to the risks associated with hypoglycemia in dementia patients, tight glycemic
control is not usually recommended as in a patient without memory problems.
Acceptable glucose and HbAlc targets are usually set by healthcare providers
depending on the degree of cognitive impairment and other associated co-morbidities
in the patient. Patient’s ability for CBG monitoring, and antidiabetic medication self-
administration should be assessed promptly on periodic basis to optimise glycemic

management. Individualised glycemic targets should be set with due consideration of
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patient’s situation and comorbid illnesses such as CKD, heart disease and hypoglycemia
awareness. If self-care of diabetes is an issue, ensuring of regular assisted care by family
members or by care providers becomes essential. In situations where these are not

feasible, institutionalised care is recommended.

How diabetes management impacts dementia

Optimal diabetes care was found to be associated with better cognitive outcomes in
patients with established dementia based on the data from multiple studies[®70]. As
discussed earlier, the glycemic load and IR in areas of brain associated with processing,
storage and retention of memory has impact on cognition and therefore, optimising
glycemic management may have significant influence on prognosis of patients with
dementia. Prevention of marked hyperglycemia with appropriate adjustments of
glycemic management should be tailored to suit the individual requirements of the
patient on periodic basis to achieve this goal. While attempting to prevent marked
hyperglycemia, all necessary precautions should be taken to prevent hypoglycemic
episodes which can negatively impact on neurocognitive function”°7!l, Therefore,
immediate and long term targets on clinical and biochemical parameters should be set
periodically for glycemic and diabetes control in every patient with established

cognitive dysfunction.

Dietary management

Dietary adjustment to optimise adequate nutritional supply while avoiding marked
glycemic fluctuations is the corner stone of management of any form of diabetes in
patients with the disease. This principle is equally important in patients with diabetes
and dementia as nutritional deficits may have a negative impact on neurocognitive
outcomes whereas appropriate nutritional interventions may have beneficial effects[72.
Low carbohydrate, high fibre diets with proteins and fat in moderation may be entirely
appropriate to dementia patients as in normal subjects though palatability and refusal

of timely intake of food can pose problems especially in advanced stages of the illness.
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A diet plan with due consideration of the sociocultural factors should help to improve
adherence to such dietary interventions cognitively impaired individuals with DM as in

normal diabetic patients!7L.

Physical activities

Regular moderate intensity physical activity is an integral part of daily management of
any individual with DM. Physical activity improves skeletal muscle metabolism which
in turn reduces the IR and insulin sensitivity and therefore improves diabetes and
cardiometabolic parameters. As most patients with dementia are older individuals,
exercise interventions may also improve sarcopenia associated with old agel”75]. Such
interventions improve the cognitive function and also reduce risk of imbalance of
ageing and consequent falls. As the metabolism improves with exercise interventions,
the diabetes management regime needs to be periodically revisited to avoid the risk of
hypoglycemia. Multiple studies clearly demonstrated the remarkable benefits of
exercise interventions on long term diabetes control, cognitive functions, and even risk
of hypoglycemia in patients with demential?®7l. Therefore, an appropriate physical
activity program should be considered for all patients with dementia to optimise the
management with due consideration of the exercise capacity, co-morbidities and patient

cooperation.

Optimising drug therapy

All patients with type 1 DM (T1DM) at onset of the disease, and most patients with
T2DM at some stage of the disease would require pharmacotherapy for management of
hyperglycemia. Insulin treatment is an absolute requirement for patients with TIDM
from the diagnosis whereas many patients with T2DM are largely managed on
noninsulin drugs. Compliance with medical management can be a major issue in
dementia patients with marked memory impairment complicating diabetes care.

Therefore, healthcare providers’ responsibility is greater in managing such patients
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while ensure adequate glycemic care with the avoidance of over-/undertreatment
associated with significant morbidity and even mortality risks.

Insulin and insulin secretagogues (e.g., sulphonylurea and meglitinides) can be
associated with significant risk of hypoglycemia while combination treatment of these
with other molecules such as metformin, dipeptidyl peptidase-4 inhibitors (DPP-4i) and
glucagon like peptide-1 receptor agonists (GLP-1RA) may potentiate the risk of
hypoglycemia. The use of latter two molecules may have a beneficial effect in slowing
down the cognitive decline in patients with dementia as revealed by a recent meta-
analysis?l. A detailed appraisal of treatment with individual antidiabetic agent in
managing patients with dementia is beyond the scope of this review and therefore,
readers are recommended to follow standard guidelines with consideration of
individual patient characteristics based on the broad principle of avoiding

hypoglycemia while optimising glycemic control.

Bariatric surgery

Bariatric procedures are associated with massive improvements in obesity and are the
best available treatment modality for patients with obesity especially when associated
with comorbidities such as T2DM. A significant proportion of patients achieve
remission or reversal of T2DM. Metabolic surgery has been found to associated with
remarkable improvements cognitive function in patients with memory deficits in
various observational studies[50-52l. However, with the currently available data, it is
difficult to make firm recommendations in the absence of large scale long term follow

up data based on RCTs.

Impact of dementia on diabetes care: Gradual decline in the memory deficits over time
is the usual long-term consequence of all forms of irreversible dementia. Worsening
memory is expected to have a huge impact on diabetes care especially when patients
self-manage their diabetes. Medication compliance issues with inappropriate meal

timings and improper administration of antidiabetic medications can adversely affect
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glycemic care with further decline in memory function. The resultant fluctuations in
glycemia with uncontrolled hyperglycemia and recurrent hypoglycemic episodes will
worsen diabetes-related complications and cause rapid decline in the neurocognitive

functionsl(83],

Medication compliance

Memory impairment is usually associated with a decline in the executive functions of
day-to-day living such as self-care, nutritional intake, and monitoring of medical
problems such as diabetes early in the course of dementia. Forgetfulness associated
with inadequate drug intake is common in patients with cognitive dysfunction and
computer assisted cognitive training is shown to improve diabetes self-care in such
patientsl®l. When compliance issues become marked with poor diabetes self-
management and recurrent acute hyperglycemic complications, home-based or
institutionalised care support should be considered for supervised glycemic

management.

Hypoglycemia management
Improper administration of antidiabetic agents such as insulin and insulin
secretagogues without timely food intake can result in marked hypoglycemic episodes
which can result in falls, rapid decline in cognitive functions and even death. Prompt
review of diabetes drug regime with appropriate changes in the pharmacotherapy
should be enforced urgently in such situations. Multidose insulin regime may need to
be switched over to once daily long-acting insulin or twice daily mixed insulin regimes
may be considered with due consideration of patient’s diet and physical activities(®3l.
Discontinuation of insulin secretagogues with hypoglycemic potential also need to be
considered in presence of erratic meal pattern of patients with moderate to severe
demential®>#l. Antidiabetic agents with less propensity for hypoglycemia and drugs
which need less frequent administration such as DPP-4i and GLP-1RA are preferable in

such situations. Although sodium-glucose cotransporter-2 inhibitors are hypo-neutral
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agents, the use of these agents in patient with advanced dementia needs caution as
these patients can get dehydrated due to diuretic effect of these agents. Supervised drug
administration by carers and institutionalised care should be considered to improve

medication adherence and glycemic care in patients with advanced dementia.

PROGNOSIS OF DEMENTIA IN DIABETES

Prognosis of patients with dementia largely depends on the type and the pathobiology
of the individual disorders causing cognitive dysfunction. However, prompt diabetes
care may alter the course of the disease to some extend because of the impact of altered
glucose metabolism on brain structures as mentioned in the previous sections. There is
some emerging evidence showing beneficial effects of treatment with antidiabetic
medications of the GLP-1RA class for neuroprotection in patients with PD, AD, stroke,
and amyotrophic lateral sclerosis®’l. Moreover, optimal diabetes management may help
to prevent deterioration of cognitive function in various dementing illnesses in relation

to hypo- and hyperglycemic complications of improper diabetes care.

Diabetes types and dementia

Dementia may occur in patients with any of form of diabetes regardless of the type. The
degree of cognitive decline in such patients largely depends on the appropriateness of
diabetes management as mentioned earlier. As care of both the disorders can impact the
management and prognosis of the other, healthcare providers are expected to have
good understanding of either disease pathobiology. A multidisciplinary team (MDT)
approach involving dementia specialists, physiotherapists, diabetologists and dieticians
may help to optimise management of patients with moderate to severe forms of either
disease. Moreover, individualised care plans for patients with consideration of their

age, sociocultural factors, and comorbidities are important to obtain optimal outcomes.

T1DM and dementia
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Patients with longstanding T1DM are at risk of some form of cognitive impairment,
diabetologists caring for such patients should be vigilant in identifying incident
cognitive dysfunction in such patients. As a significant proportion of TIDM cases are on
basal bolus insulin regimes (once/twice daily long-/intermediate- acting insulin and
mealtime short acting insulin), compliance issues with timing of meals and insulin
administration may emerge as serious issues early in the course of dementia. Rapid
decline of diabetes control with adverse consequence on cognitive functions are the
results of such a situation!s8l.

Regular CBG monitoring is important in the management TIDM patients to aid
variable dose mealtime insulin administration adjusted for their carbohydrate intake.
Recently intermittent scanning of a continuous glucose monitoring device (measuring
interstitial tissue glucose) has revolutionised the self-monitoring of glycemic parameters
and diabetes care in such patients!®l. Appropriate use of such technology in a
supervised setting can potentially mitigate the cognitive decline in relation to poor
glycemic care in patients with dementia. Appropriate changes in the insulin regime as
mentioned earlier also may be necessary in patients with poor meal compliance and

insulin administration issues.

T2DM and dementia

There is some evidence to support the notion that AD may have an association with
T2DM based on multiple epidemiological correlation studies!?-%2. Although the
pathobiological interlink is not very strong, we have to consider this association while
planning management of patients with T2DM, especially because of the constraints
imposed on glycemic care by development of dementia. Appropriate early
administration of medications of incretin mimetic class such as DPP-4i and GLP-1RA to
optimise diabetes control and prevention of AD will help to some extent(87.%]. Although
there has been a signal towards some vague association of metformin use to the
development of AD in Asians in a recent meta-analysis[®, the study results have to be

interpreted with caution as the quality of data analysed was of low quality and of
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observational nature. Insulin administration issues can be addressed as mentioned

earlier.

Other types of diabetes and cognitive function

There is not much data on the incidence and prevalence of cognitive dysfunction in
patients with other forms of diabetes such as diabetes in patients with chronic
pancreatitis, monogenic diabetes, and syndromic type of diabetes. However, glycemic
care can pose similar problems when cognitive decline becomes moderate to severe as
in TIDM and T2DM. Nutritional imbalance from pancreatic diabetes and neurological
problems in some patients with syndromic diabetes can pose problems in glycemic care.
Supportive care with an appropriate MDT approach might help to improve care in such

patients.

USE OF NEWER DIABETES TECHNOLOGIES FOR THE CARE OF PATIENTS
WITH COGNITIVE DYSFUNCTION

Regular monitoring of CBG can be hectic and add additional burden to patients with
dementia. Although use of flash glucose monitoring device can avert the finger pricking
but patient with dementia can forget flashing their device resulting in loss of data if not
scanned for more than eight hours. The real time continuous glucose monitoring system
(rtCGM) offers benefit in automatically sensing and transmitting the data to the
application on the phone. Wireless Innovation for Seniors with Diabetes Mellitus trial
compared rtCGM with standard finger prick capillary glucose monitoring in older adult
(age > 60 years) with TIDM for prevention of hypoglycaemia and glycaemic controll®l.
This trial also included patient with mild cognitive impairment although individual
with advanced dementia were excluded. The rtCGM arm spent less time below the
range (blood glucose < 70 mg/dL) and there was also significant reduction in the
HbAlc in the tCGM arm when compared with the control (mean difference of -0.3%;
95% confidence interval: -0.4% to -0.1%; P < 0.001). With the lesson learned during

coronavirus disease 2019 pandemic with rtCGM and third party data sharing, these
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features can help the family members, carers or care givers monitor the glucose level
remotely and help the patient with the decision regarding insulin dose calculations!% %1,

Appropriate use of technology can help to manage T1IDM and insulin treated T2DM
individuals when they develop dementia. Although there is no robust evidence through
RCTs, sensibly matching the technology to the individual needs and support system
will ease the management®l. Disposable insulin pens reduce the workload for the
patient than the reusable pen that needs periodic change in the cartridge. The use of
smart insulin pen automatically uploads the delivered dose in the linked server!®l. The
alarm features in these pens can be an additional advantage to remind the timely
administration of the insulin. Remote review of the doses by the carer can help with
titrating the dose, deliver the missed dose and prevent overdose with insulin.
Individuals with mild dementia do manage the insulin pump with ease if they are used
to it for a long duration before the dementia settles!!™]. The insulin pump with
predictive low glucose suspend features can help prevent hypoglycaemia provided that
patient does not pull out the pump connections, hence not to be used in patient with
moderate to advanced dementia as the risk of diabetic ketoacidosis will be high if there
is disconnection. The behaviour of patient with the insulin pump can be studied using
saline filled cartridges in the practice for a period of a week or two, and the information
derived can help decide about the individual’s ability to manage the insulin pump.

If the individual manages the insulin pump, then use of hybrid closed loop insulin
delivery system can be tried as it can vary insulin basal delivery depending on the
blood glucose level rather than the set basal targets and the trials have clearly shown
beneficial in elderly patient with TIDMUI®L The remote blousing feature with smart
phone in some of the hybrid closed insulin technology (e.g., CamAPS FX hybrid closed
loop app) will help carers in delivering the correct insulin dose. This third-party insulin
delivery via the remote blousing feature should only be used in the countries where
such regulation is allowed. Lastly, the use of insulin only bionic pancreas where only
qualitative announcement of the meal is required can be an additional tool for

management of individual with mild early dementia where complicated carbohydrate
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counting can be ignored'"!l. More trials using technology in patients with early
dementia are needed, as there is an increase in elderly patients with TIDM and it is

predicted that prevalence of TIDM itself will be doubled by the year 20400102]

OTHER COMORBIDITIES/MODIFIABLE RISK FACTORS POTENTIALLY
IMPACTING COGNITIVE DYSFUNCTION IN DIABETES

Several other coexistent illnesses can exaggerate the risk of cognitive decline in patients
with diabetes. Therefore, management of these comorbidities are also very crucial for

optimal long-term outcomes.

Hypertension

One of the most common chronic diseases affecting middle-aged and the elderly
population is hypertension. It is one of the most common comorbidities in the diabetic
populations, especially in those with early onset T2DM with a prevalence of about
67.5%1%], A recent study showed that the odds ratio for dementia in patients with
hypertension is 5.82, and more than 90% dementia patients with diabetes had
hypertensionl!®. From this observation, it is imperative to obtain prompt blood
pressure (BP) control in patients with dementia while considering the risks associated
with intense BP reduction such as postural hypotension and falls. Antihypertensive
medications modifying the renin-angiotensin-aldosterone system have been recently
found to improve executive function, processing speed, verbal memory and composite

score compared to other antihypertensive medications in a recent clinical triall105].

Dyslipidemia

Several studies have shown association between dyslipidemia and dementia especially
when present in patients with diabetes!'%l. Diabetes (especially T2DM) as such is a
strong risk factor for atherosclerotic CVD even in patients with normal lipid levels for
nondiabetic individuals. This may be related to presence of more atherogenic low-

density lipoprotein cholesterol particles in diabetics making them prone to develop
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CVD. Accelerated atherosclerosis of the cranial arteries may be an important factor
reducing cerebral blood flow and cognitive decline in such patients. However, intense
lipid lowering therapy was not associated with better cognitive outcomes in the

ACCORD clinical trial107],

Associated CVD

CVD is an important risk factor for dementia owing to its close association with
cerebrovascular disease, stroke, and impaired brain perfusion. Even in those without
established cerebrovascular disease or stroke, CVD was found to be associated with
higher rates of cognitive decline in a systematic review!['%l. The authors observed that
severe atherosclerosis posed 59% and atrial fibrillation 26% higher risk for development

of dementia.

Proteinuria

Both micro- and macroalbuminuria are associated with high risk of generalised
vasculopathy and atherosclerotic disease. Diabetes-related microvascular disease affects
kidneys early in the course of the disease, especially in patients with poor diabetes
control, and tremendously exaggerate the atherosclerotic CVD. A recent meta-analysis
showed significant association between albuminuria and cognitive dysfunction(®l. This
systematic review involving 16 studies among 127296 participants revealed a 20%

excess risk of dementia among patients with albuminuria.

Apolipoprotein €4 allele

Apolipoprotein (ApoE) is protein that carries the lipid molecules for their transport in
human body in the form of apolipoproteins. Historically, career of ApoE ¢4 allele has
been found to possess strong association with the development of demential'®0l. A
recent study involving 206960 participants from the United Kingdom biobank cohort
showed that presence of ApoE &4 allele was associated an increased risk [hazard ratio

(HR) = 1.63] of developing demential'!ll. However, when potentially modifiable risk
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factors such as hypertension, diabetes and coronary artery disease were clustered in to
this risk, the HR increased to 2.20. Table 1 summarises the risk factors for dementia or

cognitive decline among patients with diabetes.

CLINICAL TRIALS ON MODIFIABLE RISK FACTORS OF COGNITIVE
DYSFUNCTION AMONG PATIENTS WITH DIABETES

Several RCTs examined the potential benefits of management of various modifiable risk
factors for cognitive decline in patients with diabetes. However, only a small proportion
of these studies showed even marginal benefits. Some of the trials even showed the
probability of harm in the participants. Therefore, we need much more research input in
this area to ensure we have more promising modalities of treatment for diabetic
patients with cognitive dysfunction. A list of landmark clinical trials looking at the
benefits of potentially modifiable risk factors for managing patients with diabetes and

cognitive dysfunction is shown in Table 2.

AREAS OF UNCERTAINTY/EMERGING CONCEPTS

Although optimal glycemic care is expected to ameliorate the cognitive decline
associated with hyper- and hypoglycemic care of patients with diabetes and dementia,
it is not clear if prompt diabetes control might alter the pathobiology of individual
dementing illnesses. The proposed association between T2DM and AD is currently
vague, and more studies may shed light on this grey area.

The benefits of observed improvement of cognitive function among patients with
massive weight loss following bariatric surgery need additional evidence through
largescale RCT's for use in day-to-day clinical practice. The beneficial effects of incretin
manipulation by GLP-IRA and DPP-4i on different forms of neurodegenerative
disorders such as AD need to be clarified in long term RCTs. The potential risk of
metformin use and AD development revealed in some ethnic groups needs further

studies as metformin is the first-line drug with other remarkable health benefits when
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used in patients with T2DM. Figure 3 shows a pragmatic approach to the management

of diabetes and dementia in day-to-day clinical practice.

CONCLUSION

Development of cognitive dysfunction is a big risk of inadequate diabetes management
in patients with any form of diabetes. Onset of dementia can impact diabetes care with
the risk of worsening of either disease from inadequate glycemic care. Currently
available evidence suggest that optimal diabetes management can have better clinical
outcomes among patients with neurocognitive dysfunction. A multidisciplinary
approach to management of patients involving diabetologists, dieticians, dementia
specialists and physical therapists with appropriate antidiabetic treatment and
nonpharmacological interventions may improve diabetes care in patients with diabetes
and dementia. If appropriately used, technological advancements can further improve
the care of diabetes patients with dementia. More research is needed in these areas as
the incidence of both the diseases are increasing globally owing to increasing

prevalence of obesity and aged individuals in the global population.
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