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Abstract

There is strong evidence that diabetes mellitus increases the risk of cognitive impairment and dementia. Insulin signaling dysregulation and small vessel disease in the base of diabetes may be important contributing factors in Alzheimer’s disease and vascular dementia pathogenesis, respectively. Optimal glycemic control in type 1 diabetes and identification of diabetic risk factors and prophylactic approach in type 2 diabetes are very important in the prevention of cognitive complications. In addition, hypoglycemic attacks in children and elderly should be avoided. Anti-diabetic medications especially Insulin may have a role in the management of cognitive dysfunction and dementia but further investigation is needed to validate these findings.
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Core tip: Diabetes Mellitus increases the risk of cognitive impairment and dementia. Impairment of insulin signaling is a critically important factor and may be the cornerstone of the development of these cognitive sequences regardless of diabetic status. Therefore, anti-diabetic medications especially insulin therapy may have a significant role in the management of various cognitive and mental dysfunctions.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is one of the most common diseases whose prevalence is on the rise. It is believed that within the next 30 years, the number of diabetic patients will double in comparison to the year 2000[1]. On the other hand, diabetes is amongst the diseases with higher complications (perhaps even the highest) and these complications lower the quality of life in patients significantly[2-4]. Diabetes is a systemic disease as it affects various body systems to some extent. For instance, diabetes can disrupt proper function in cardiovascular, gastrointestinal, immune and nervous systems. The functional impairment of peripheral nervous system can lead to diabetic foot and in worst cases to amputation and hence physical disability. Involvement of retina [diabetic retinopathy (DR)] can lead to loss of vision and blindness. 

Adverse effects of diabetes on cognitive system and memory disorders have been noticed by researchers for a long time[2-4]. Equally, dementia is one of the most disabling public health problems. It affects the quality of life of demented patients and their caregivers. It also imposes a huge economic burden on countries. Therefore, identification of risk factors of dementia and the control of those factors is with utmost importance. 

This review discusses the association between dia​betes and the risk of cognitive impairment with more clinical aspects. Therefore, possible underlying me​chanisms of cognitive impairment in diabetic patients will be discussed, and the effect of various treatments on prophylaxis and improvement of mental dysfunction will be reviewed. 

OVERVIEW OF MEMORY AND COGNITION

Cognition is defined as “the mental action or process of acquiring knowledge and understanding through thought, experience, and the senses”[5]. 
Memory is the retention, recording, and process of retrieving knowledge. All knowledge gained from experience such as known facts, remembered events, gained and applied skills would be considered as memory[6]. Memory can be categorized into declarative and non-declarative memory. Declarative memory mostly corresponds to the learning and recalling new facts, events, and materials. Non-declarative memory refers to the many forms of memories that are reflective or incidental[6]. 

The “brain working memory” is defined as the ability to keep record of many bits of information at the same time and the recall of this information immediately if needed for subsequent thoughts[7]. When working memory is damaged, a wide range of cognition impair​ments occur and the patient will not be able to appro​priately use his/her own information for thinking in different situations[6]. 

The majority of advanced cortical functions arise from association cortex. The main association areas are: (1) the parieto-occipitotemporal association area; (2) the prefrontal association area; and (3) the limbic association area[7]. 

Our knowledge about the mechanisms of thinking and remembering is little. It seems that each thought arises from simultaneous activation of many parts of the different areas in the brain such as cerebral cortex, limbic system, thalamus and reticular formation of the brainstem. The memory is the result of some events in the synaptic transmission by changing its basic sensitivity[7].

Constant neural activity that arises from traveling nerve signals to a temporary memory trace can create a “short term memory”. A temporary chemical or physical synaptic change that lasts for a few minutes up to several weeks makes an “intermediate long term memory”. Structural alterations in synapses occur when a “long term memory” is created and can be used weeks to years later[7]. The hippocampus and, to a lesser degree, the thalamus are responsible for deciding which thoughts are important enough to be saved as memories[7].

It is possible to acquire information about the patient’s cognitive, behavioral, linguistic, and executive functioning, and memory through Neuropsychological tests. These data can be used in the diagnosis of cognitive disorders and for localization of the abnormality in the brain, as well as, the assessment of therapeutic effects of any treatment modality on the cognitive dysfunction. Neurocognitive domains and some exa​mples for their assessment are categorized in the Table 1[8,9].
Neuropsychological evaluation measures the cogni​tive abilities in the patient quantitatively, and its results must be interpreted in the setting of the patient’s: Age, education, gender, and cultural background. In addition, reliability, validity, sensitivity, and specificity of these tests are important aspects that should be considered.

ETIOLOGY OF COGNITIVE DISORDERS

Dementia and cognitive dysfunction have many causes. Alzheimer’s disease (AD) and other degenerative diseases, vascular dementia, alcohol consumption, and certain drug abuse are some of these etiologies. Additional disorders that can cause memory loss and other cognitive impairments are listed in the Table 2[9]. 

ASSOCIATION BETWEEN DIABETES AND COGNITIVE DECLINE

Cognitive dysfunction with its wide range, from mild cognitive impairment (MCI) through dementia, is one of the chronic complications of diabetes mellitus[10]. Both diabetes and cognitive impairment occur more commonly at older age. There is strong evidence that T2D increases the risk of dementia in the form of multi-infarct dementia, AD and mixed type dementia. There are some close associations between diabetes and vascular dementia of above 100%-160% compared to AD which is about 45% to 90%[10]. The long-term risk of dementia increases in patients with diabetes by a factor of two[11]. T2D also increases the risk of progression of MCI to dementia[11]. Even in pre-diabetic state; there is an increased risk of AD and dementia which are not related to the future development of diabetes[10]. About 80% of people with AD may have diabetes or impaired fasting glucose[12]. There is a faster deterioration of cognition in diabetic patients rather than non-diabetic elderly ones[13]. Diabetes is associated with 1.5-2 fold increased risk of cerebrovascular accidents[14] and the relative risk of stroke increases 1.15 (95%CI: 1.08-1.23) for every 1% increase in HbA1C[15].

In recent years, the relation of diabetes to memory disorders has been well established. In 2011, Wessels et al[16] published results of their comprehensive pro​spective study on a large sample size from 1992 to 2007. Patients in this cohort were examined at baseline and five follow-up assessments throughout the 15 years of study. During each evaluation, participants were given the Community Screening Interview for Dementia as part of a home visit. They followed up 1702 subjects and showed that diabetes reduced their cognitive capabilities via cardiovascular disruption[16]. The results of the Edinburgh Type 2 Diabetes Study that was conducted for evaluation of this correlation were published in 2013. At baseline, any clinical and subclinical macrovascular diseases including cardiovascular event history, carotid intima-media thickness, ankle brachial index, and serum N-terminal probrain natriuretic peptide (NT-proBNP) were evaluated. Seven neuropsychological tests were also done at baseline, and after 4 years. They found that stroke and subclinical markers of cardiovascular and atherosclerosis are associated with cognitive decline in older patients with type 2 diabetes (T2D)[17]. 

Recent research collaboration between Mayo Clinic and Shanghai was reported in 2015. In this study, involving a considerable number of patients, the effect of diabetes on the cognitive function of patients was strongly evident. This was, of course, irrespective of patients’ gender, age and possible cardiovascular risk factors[18].

In one study, the relationship between T2D and cognitive impairment had been evaluated and the subjects with diabetes had lower MMSE score than those without diabetes (P < 0.01)[19]. Diabetes was also associated with increased odds of cognitive decline as determined by MMSE scores [odds ratio (OR), 1.9; 95%CI: 1.01-3.6]. Also, a statistically significant correlation between the duration of the disease and cognitive dysfunction was observed (P = 0.001). The same correlation was also found for the quality of diabetes control (P = 0.002).

In a different study that was carried out on 4206 subjects by Qiu et al[20], they investigated whether and the extent to which vascular and degenerative lesions in the brain mediate the association of diabetes with poor cognitive performance. They assessed cortical and subcortical infarcts and higher white matter lesion volume. They also evaluated neurodegenerative pro​cesses on magnetic resonance images. The results of this cross-sectional study showed that diabetic patients’ speed in processing and executive functions was markedly lower than others. However, their memory function score was not any better either[20]. 

The role of diabetes in neurodegeneration has been confirmed by neuroimaging and neuropathological studies. MRI studies have shown that T2D is strongly associated with brain atrophy[21]. The rate of global brain atrophy in T2D is up to 3 times faster than in normal aging[22,23].

SPECIFIC EFFECTS OF T1D AND T2D ON COGNITION 

Diabetes Mellitus is related to 40% higher rate of MCI; both amnestic and non-amnestic[24]. This is especially true when diabetes starts before the age of 65, or when the disease is more than 10 years. Treatment with insulin and the presence of diabetes complications such as retinopathy are other risk factors[25,26].

In children, the relationship between T1D and cognitive disorders is also reported[27]. Cognitive flexi​bility, visual perception, psychomotor speed, and attention are the main domains which are mostly affected early (on within 2 years in T1D), among which the mental slowing is the principal deficiency. Learning and memory function seem to be intact even in a prolonged hyperglycemia in T1D[25]. Young age is an important risk factor in developing cognitive deficits in T1D. It seems that children whose disease is diagnosed under the age of 7 are at a greater risk for more severe cognitive dysfunction[28].

Single-photon emission tomography in diabetic patients shows an abnormality in many brain regions, which correlate especially with diabetic microvascular complications and poor glycemic control in T1D. However, there is no strong evidence to support the importance of brain perfusion abnormalities in the development of cognitive dysfunction in T1D[29].
In both types of diabetes, neural slowing, cortical atrophy and microstructural abnormalities in white matter are prominent[24].

The effect of diabetes on patients’ mood and temper has also been investigated. In a recent article by Ho et al[30], they have pointed out the effects of diabetes on hippocampus neurogenesis and depression and the resulting cognitive.

DR AND COGNITIVE IMPAIRMENT

It has been shown that there is an association between DR and cognitive impairment. According to some studies, the vascular complications of diabetes such as retinopathy are the most important predictors for the cognitive decline. Based on the similarity in anatomy, physiology, and embryology of cerebral and retinal small vessels, this association is particularly interesting[31].

In a systematic review which analyzed three studies, it has been proven a near three fold increased risk of cognitive impairment in patients with DR. However; the association between the severity of DR and cognitive decline was not clearly demonstrated. Only one study showed that the men with more severe cognitive impair​ment had greater degree of retinal involvement. The recent memory and the verbal learning were the most defective cognitive domains in these studies[32]. 

Some studies have reported an association between cognitive impairment and general (not diabetic) retin​o​pathy independent of other cardiovascular risk factors but underlying etiology has not been clearly identi​fied[33,34]. The higher prevalence of cognitive impair​ment even in those with non-DR provides some clues to investi​gate the underlying mechanism for this association in wider metabolic abnormalities (hypertension, dyslipide​mia, and inflammatory stress) rather than a pure gluco​toxic effect[32].

In a longitudinal study from using Action to Control Cardiovascular Risk in Diabetes (ACCORD) data, the association between DR and cognitive impairment in T2M was confirmed. This study showed that cognitive dysfunction was a predictable consequence of DR. In the ACCORD data, the patients with DR had lower Mini-Mental State Examination (MMSE) score[35].

In one cohort study by Crosby-Nwaobi et al[36], they compared patients with Proliferative Diabetic Retino​pathy with patients with Non Proliferative Diabetic Retinopathy or no retinopathy. They found that there is an inverse relationship between the severity of DR and the severity of cognitive impairments: Those with no or mild form of DR had more deficits in atten​tion/orientation, language, memory, and visuo​spatial ability fields in comparison with patients with severe DR. However; their study showed that cognitive impairment was more promi​nent in those with mild retinopathy than those without retinopathy[36].

BRAIN IMAGING IN DIABETES

Brain imaging can be an important tool to clarify the underlying pathogenesis for cognitive impairments in diabetic patients. Some researchers have been reported both focal and global cerebral changes[37].

Slight brain structural abnormalities have been re​ported in T1D[25,38]. A study showed that the gray matter density of patients with T1D was less than the control group and this finding correlated with severe hypoglycemic attacks and higher HbA1c levels. This assessment was performed with voxel-based morphometry - a well-known quantitative MRI technique[25,38].

The direction of water diffusion in tissues is mea​sured by using diffusion tensor imaging (DTI) that is an index for the integrity of white matter[25]. DT1 shows microstructural abnormalities particularly in the optic radiations and posterior corona radiata in T1D patients. These findings correlate with longstanding diabetes and high concentrations of HbA1c[39]. These abnormalities may be the underlying pathogenesis in the mental slowing that is the main cognitive problem in T1D[40]. DT1 Technique will be a good research tool for future studies in this setting.

There is a relationship between T2D and lacunar infarcts/cerebral Atrophy. This association between T2D and white matter lesions is less clear[37]. It was reported that hippocampal atrophy is a consistent neuroimaging finding in patients with T2D[41], but a relatively recent study that evaluated the data from one cohort study and two case control studies, concluded that these patients did not have any specific vulnerability to hippocampal atrophy. Nevertheless; they have greater global brain atrophy compared to controls[42].

DIABETES MELLITUS, AD AND INSULIN ROLE

T2D is a condition in that elevated blood glucose levels is resulted from increased glucose production by liver, reduced insulin production by pancreas and “insulin resistance” in which insulin responsiveness is decreased due to abnormal expression of the insulin receptors[43].

The idea that AD is a metabolic disease in which brain glucose utilization is impaired is supported by some evidences. Conversely; amyloid precursor protein (APP) and amyloid--peptide (A) have been shown to induce mitochondrial activity defects and increase oxidative stresses that are able to impair key players of the glucose metabolic pathway[44,45].

The prevalence of AD may be higher in patients with diabetes; however, the ORs are lower than those for vascular dementia[46]. In recent years; there are a number of studies that show a connection (via com​paring pathologic samples) between T2D and AD. Scientists consider a key role for oxidative stress in development of AD in patients with diabetes Mellitus[43]. Diabetes Mellitus contributes to AD development by favoring tau hyperphosphorylation, accumulation of A, increased oxidative stress and oxidative damage and mitochondrial dysfunction[44]. In this regard, the analysis of oxidation and damage of protein belonging to metabolic pathways (glucose metabolism) might be of interest in understanding the potential molecular mechanisms targeted by oxidative stress that trigger common features between T2D and AD. Different studies have shown that insulin resistance and reduced activation of insulin receptors with decreased neuronal plasticity mechanisms and survival are the main abnormalities in AD brain[43,47-49]. Figure 1 illustrated some aspects of this mechanism[43]. 

T2D is a heterogeneous disorder that is accompanied with numerous comorbidities like hypertension and dyslipidemia, where each has the same adverse effects on the cognitive function[50]. In addition, other insulin resistance situations including obesity and metabolic syndrome are associated with a wide range of cognitive dysfunction and progression of AD[25,51].

Long term effects of insulin resistance consist of hypertension, malignancy and cardiovascular disease. It has been shown that insulin resistance has a negative correlation with verbal cognitive performance[25].

Thus, insulin resistance seems to be the fundamental feature that links T2DM to the future development of AD. The biochemical and molecular changes in AD is similar to the effects of NASH (nonalcoholic stea​to​hepatitis) on the liver and T2D on the skeletal muscles[52]. Long term outcomes of insulin resistance include cellular energy defect, high plasma lipids and hyper​tension[52]. In Addition, chronic hyperinsulinemia pre​dicts later development of T2M[53]. Insulin resistance is also a definite predictor of serious conditions such as cere​brovascular and cardiovascular diseases, hyper​tension, and malignancy[52]. Hyperinsulinemia is linked to some other diseases with different primary target organs include: Obesity, nonalcoholic fatty liver disease, metabolic syndrome, polycystic ovarian disease, age-related macular degeneration. Overlap among these diseases often occurs and its rate is increasing with obesity epidemics[52].

INSULIN SIGNALING

There is significant amount of evidence demonstrating that dysregulation of insulin is a key element in trig​gering of neurodegeneration in T2D. Insulin binds to a specific receptor at blood brain barrier and transport into the CNS. It is shown that an acute increase in serum insulin levels is associated with an increase in CSF and intracellular insulin levels[54,55]. Also, it is reported that chronic hyperinsulinemia is associated with downregulation of insulin receptor at blood brain barrier[54] which decrease brain insulin levels and consequently trigger or accelerate the process of neural aging and neurodegeneration[54,55]. Studies have shown that hyperinsulinemia causes an increase in A levels as well as the inflammatory agents[56] and alter the metabolism of amyloid in the brain[46-57].
It seems, insulin has a neurotropic role in the brain. Insulin accomplishes this role by binding to insulin receptors on the cell surface. It is interesting that most of insulin receptors in the brain are on the surface of the cells, located in anatomical regions that are involved in memory formation. So it is postulated that insulin might play an important role in the memory system[54].

Insulin activates secondary messengers after binding to receptors. The most important of these secondary messengers are phosphatidylinositol-3-kinase and Akt[54]. Activation of Akt causes inhibition of GSK-3, which is an important kinase that phosphorylates tau. In fact, it is shown that under normal conditions, insulin inhibits tau phosphorylation and tau fibril production and low CSF insulin levels are associated with an increased neurofibrillary tangles[54,55]. Neurofibrillary tangles load is the best pathological marker of severity of dementia in AD. 

Additionally, it’s known that A protein is degraded by several enzymes. The most important of these enzymes are neprilysin and insulin-degrading enzyme (IDE)[58]. Both insulin and A protein can bind to IDE and it is shown that insulin has higher affinity to IDE[54]. It is shown that hyperinsulinemia might inhibits peripheral degradation of A protein[59]. High level of A protein can lead to an increase transport of this protein across blood brain barrier, which is shown to be associated with an increased production of senile plaques in the brain[59].

In conclusion, it is hypothesized that serum hyperin​sulinemia is associated with lower level of insulin and higher level of A protein in the brain, resulting in more neurofibrillary tangles, senile plaques, and possibly with impaired cognitive state.

IS AD A TYPE OF DIABETES MELLITUS?

AD is considered as type 3 diabetes by some investi​gators because the corner stone of pathogenesis of abnormalities in AD has strong similarity with T1D and T2D. Like T1D, insulin deficiency is a part of underlying mechanisms in AD and like T2D, AD is associated with insulin resistance in early stage of development[52,60,61]. Consequently, AD can be considered as the brain form of diabetes[52]. 

Nevertheless; Talbot et al[62], reported some evidence that considering AD as a type of diabetes is not com​pletely true due to the following: First, hypergly​ce​mia but not insulin resistance is the main key diag​nos​tic feature of diabetes, and CSF glucose is not elevated in AD patients. Second, decreased glucose metabolism in the brain AD cases is not a direct con​sequence of brain insulin resistance. Instead of that, post​synaptic neuro​transmission changes due to reduced insulin signaling are responsible for abnormal glucose metabo​lism in the AD brain. Third, brain insulin deficiency in the AD patients has not been established from the review of different studies, and only some of them have shown this decrement[62].

OTHER MECHANISM OF COGNITIVE IMPAIRMENT IN DIABETES MELLITUS

Vascular etiology

T2D is a risk factor for atherosclerosis and small vessel disease, so it clearly increases the risk of multi-infarct dementia and mixed type dementia. Other risk factors of vascular disease contribute to the development of dementia in patients with T2D, probably by vascular involvement. It has been shown that in patients with T2D, presence of hypertension, signs of microvascular diseases such as lacuna, DR and microalbuminuria or macrovascular complications such as cerebral infarcts increase the risks of dementia[54,63].
Chronic inflammation 

Chronic inflammation is present in many patients with diabetes and insulin resistance is associated with increased levels of inflammatory cytokines, which elevated levels of inflammatory cytokines are associated with the worsening of the cognition in patients with diabetes[46,64]. 
Genetic 

Brain changes and reductions in cognitive scores are most pronounced in patients with diabetes who have the Apo E epsilon 4 allele. The genetic factors contribute to dementia in T2D[65].

THERAPEUTIC APPROACHES

According to the long term prospective studies, good control of diabetes is beneficial in the reduction of cognitive decline in T1D[25,29], but the effect of this approach in T2D is controversial[66-70]. In one cohort study, there was a greater decline in cognitive impair​ment in patients on anti-diabetic medications and combination therapy was more effective than monotherapy[69].

One substudy of the ACCORD trial that followed up a large number of diabetic patients for 40 mo, showed no benefits from aggressive glucose control on the cognitive function[70]. In addition; three trials showed that intensive glycemic control has no benefit on the macrovascular events in T2D[66-68].

Association between cognitive decline and hypogly​cemic attacks has been studied in some trials but the results are different. Overall, it seems that it is not a risk factor in T2D in carefully managed follow up studies. However, the prevention from hypoglycemia in the elderly is necessary, because it can cause more severe organic brain damage due to pre-existing atherosclerosis[71]. Also, it is true that, hypoglycemia may be a risk factor in children with diagnosed T1D within the first few years of life[25]. However, recurrent severe hypoglycemia is a significant preventable risk factor in these age groups and individualization of treatment, especially in the elderly, has a potential role in preventing hypoglycemia and consequently cognitive decline. While diabetes per se has a major impact on the elderly, the medications and the risk of hypoglycemia prevent optimization of glycemic treatment[72].

In one study, daily acute glucose fluctuation was an independent factor for cognitive dysfunction in T2D[73]. In another study, there was an association between cognitive impairment and postprandial hyperglycemia. There was a greater decline in cognitive impairment after adjusting for postprandial hyperglycemia[74].

The thiazolidinedione classes of anti-diabetic medi​cations are insulin sensitizers that work by making the cells more sensitive to insulin. Most of the research has focused on the effect of thiazolidinedione on improvement of cognitive function. The findings suggest that there is continuous beneficial effect of insulin sensitizers on cognition. Its effect is more pronounced on neuron action by reduction of apoptosis, protecting neurons from oxidative stress and reducing plaque formation and inflammation in mice brain models. Despite these findings, clinical trials in human are disappointing[10].

Insulin action has a contributing factor in cogni​tive function. Both insulin resistance and hyperin​suline​mia are associated with cognitive impair​ment[71]. Exces​sive hyperinsulinemia exacerbates inflam​mation. Hyperin​sulinemia enhances neurotic plaque formation[75]. Insulin secretion reduction is also associated with the onset of AD. Insulin definitively is connected with AD pathology and vascular dementia[76].

Intranasal insulin was effective in the improvement of memory function in memory impaired adults, in some studies[9]. Indeed, about 50% of all adults older than 60 years, even in the absence of diabetes, are insulin resistant[56]. It seems insulin puts its effect on cognitive function by modulation in aggregation of APP metabolites like beta amyloid peptide in neurotic plaques. On the other hand, factors associated with insulin resistance are suggested to be important in pathogenesis of AD. As it has been shown, Apo E negative patients are less sensitive to insulin which makes them in need for a higher level of insulin to facilitate an effective memory function in AD[77].

To date, there are few clinical data on the efficacy of metformin in AD and because of conflicting results regarding the effect of metformin in the improvement or deterioration of cognitive impairment, it needs to be clarified by a clinical placebo- controlled trial[78].

Other than hyperglycemia, midlife hypertension, midlife obesity, smoking, depression, and physical inactivity are attributable risk factors in AD and a 25% reduction in all of these factors could reduce the number of dementia by up to 3 million[79]. Large scale studies have shown that: Good control on blood pressure and lipid profile as well as glucose control will prevent vascular disease progression[80].

CONCLUSION

There is strong evidence that diabetes increases the risk of cognitive impairment and dementia. Insulin signaling dysregulation may be an important contributing factor in AD pathogenesis. In addition, diabetes is a risk factor for atherosclerosis and small vessel disease. It clearly increases the risk of vascular dementia. Good control of diabetes is beneficial in the reduction of cognitive decline in T1D, but the effect of this approach in improving cognitive outcomes in T2D is weak. Therefore; optimal glycemic control in T1D, identification of diabetic risk factors, and prophylactic approach in T2D are very important in the Prevention of cognitive complications. Lifestyle intervention such as proper diet and physical activity is the most important approaches in this way.

As the brain dysfunction in AD could be the result of disturbance in glucose metabolism and its dysregulation regardless of the diabetic status, future research with focus on anti-diabetic medications may open a new horizon for the prevention and management of AD. In addition, due to similarity in molecular and biochemical base of T2M and AD, more investigations in the domain of insulin resistance spectrum disorders provide an opportunity to find novel treatment strategies. These new approaches will be based on the improvement in the understanding of the pathogenesis of these fundamentally related disorders.
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Figure 1  Increased oxidative stress level as a central event driving insulin resistance in Alzheimer’ disease brain[43]. Persistently high levels of circulating insulin [as observed in the first phase of type 2 diabetes mellitus (T2DM)] may exert a negative influence on memory and other cognitive functions by down regulation of insulin receptors (IR) at the blood brain barrier and consequent reduced insulin transport into the brain [as observed in Alzheimer’s disease (AD)], thus leading to insulin resistance. From a molecular point of view, the lack of interaction between insulin and IR is associated with an increase of the inhibitory phosphorylation on insulin receptor substrate-1/2 (IRS1/2) on Ser312, 616 and 636, which, in turn, negatively impacts on the two main arms of insulin-mediated signaling cascade: The PI3K and the MAPK pathways, both involved in the maintenance of synaptic plasticity and cell stress response. Furthermore, turning off insulin signaling results in impaired glucose transport (reduced translocation of the glucose transporter at the plasma membrane) and metabolism thus promoting an alteration of mitochondrial processes involved in energy production. In turn, impairment of mitochondria functions leads to a vicious circle in which reduced energy production is associated with an increase of reactive oxygen and nitrogen species (ROS and RNS) responsible for the oxidative/nitrosative damage of mitochondria as well as other cellular components. In addition, increased A production and accumulation, which represents a key feature of AD pathology, also promotes mitochondrial impairment. Moreover, insulin resistance-associated impairments in glucose uptake and utilization are associated with increased endoplasmic reticulum (ER) stress, which deregulate lipid metabolism, causing accumulation of toxic lipids in the brain. All these events contribute to the increased oxidative stress levels responsible of neurodegeneration observed in AD brain. Although insulin resistance and Aβ production can be considered leading causes of the rise of oxidative stress, this latter, in turn, promotes IRS-1/2 Ser-312, -616 and -636 phosphorylation as well as the oxidative damage of protein involved in glycolysis, the Krebs cycle and ATP synthesis that are crucial events in the reduction of glucose metabolism and thus insulin resistance. Finally, because insulin resistance is associated with increased Aβ production and A production is postulated to be responsible for the onset of insulin resistance, it remains to be clarified whether insulin resistance is a cause, consequence, or compensatory response to A-induced neurodegeneration. ADP: Adenosine diphosphate; APP: β-Amyloid precursor protein; ATP: Adenosine triphosphate; AKT: Akt also known as protein kinase B (PKB); ERK: Extracellular signal-regulated kinase; GLUT: Glucose transporter; MAPK: Mitogen-activated protein kinase; MEK: MAPK/Erk kinase; PDK1: 3-phosphoinositide-dependent protein kinase 1; PI3K: Phosphoinositide 3 kinase.
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Table 1  Neurocognitive domains and some examples for their assessment[8,9]


  Cognitive domain


�
Examples of assessments


�
�
  Complex attention (sustained attention, 


  divided attention, selective attention, 


  processing speed)�
Sustained attention: Maintenance of attention over time 


Selective attention: Maintenance of attention despite competing stimuli and/or distractors


Divided attention: Attending to two tasks within the same time period


Processing speed can be quantified on any task by timing it �
�
  Executive function (planning, decision 


  making, working memory, mental flexibility)�
Planning: Ability to find the exit to a maze; interpret a sequential picture


Decision making: Performance of tasks that assess process of deciding in the face of competing alternatives (e.g., simulated gambling)


Working memory: Ability to hold information for a brief period and to manipulate it (e.g., adding up a list of numbers or repeating a series of numbers or words backward)


Mental/cognitive flexibility: Ability to shift between two concepts, tasks, or response rules�
�
  Learning and memory [immediate memory, 


  recent memory (including free recall, cued 


  recall, and recognition memory), very-long-


  term memory (semantic, autobiographical), 


  implicit learning]�
Immediate memory span: Ability to repeat a list of words or digits. Note: Immediate memory sometimes subsumed under “working memory” (see “Executive Function”)


Recent memory: Assesses the process of encoding new information (e.g., word lists, a short story, or diagrams)


Free recall (the person is asked to recall as many words, diagrams, or elements of a story as possible


Cued recall (examiner aids recall by providing semantic cues such as “list all the food items on the list” 


Recognition memory (examiner asks about specific items, e.g., “Was ‘apple’ on the list?”) 


Semantic memory (memory for facts)


Autobiographical memory (memory for personal events or people)


Implicit (procedural) learning (unconscious learning of skill)�
�
  Language [expressive language (including 


  naming, word-finding, fluency, and grammar 


  and syntax) and receptive language]�
Expressive language: Confrontational naming (identification of objects or pictures)


Fluency [e.g., name as many items as possible in a semantic (e.g., animals) or phonemic (e.g., words starting with “f”) category in 1 min]


Grammar and syntax (e.g., omission or incorrect use of articles, prepositions, auxiliary verbs)


Receptive language: Comprehension, performance of actions/activities according to verbal command�
�
  Perceptual-motor (includes abilities 


  subsumed under the terms visual perception, 


  visuoconstructional, perceptual-motor, praxis, 


  and gnosis)�
Visual perception: Line bisection tasks can be used to detect basic visual defect or intentional neglect


Visuoconstructional: Assembly of items requiring hand-eye coordination, such as drawing, copying, and block assembly


Perceptual-motor: Integrating perception with purposeful movement (e.g., rapidly inserting pegs into a slotted board) 


Praxis: Integrity of learned movements, such as ability to imitate gestures (wave goodbye) or pantomime use of objects to command (“show me how you would use a hammer”) 


Gnosis: Perceptual integrity of awareness and recognition, such as recognition of faces and colors�
�
  Social cognition (recognition of emotions, 


  theory of mind)�
Recognition of emotions: Identification of emotion in images of faces representing a variety of both positive and negative emotions


Theory of mind: Ability to consider another person’s mental state (thoughts, desires, intentions) �
�






Table 2   Memory loss and cognitive impairment etiology[9]


  Degenerative disorders including Alzheimer’s disease


�
�
  Vascular dementia


�
�
  Depression and anxiety


�
�
  Medication side effects


�
�
  Disturbed sleep


�
�
  Hormones 


�
�
  Metabolic disorders


�
�
  Diabetes


�
�
  Alcohol abuse


�
�
  Lyme disease


�
�
  Hippocampal sclerosis


�
�
  Subdual and epidural hematomas


�
�
  Vitamin B12 deficiency


�
�
  Seizures


�
�
  HIV associated neurocognitive disorder


�
�
  Hashimoto’s encephalopathy


�
�
HIV: Human immunodeficiency virus.
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