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Abstract 

Background: Due to the increase in life expectancy and population growth over 65 years, cognitive 
impairment (CI) is gradually increasing. Because of many changes in the human brain that occur with 
aging, cognitive decline usually worsens with age. The number of neurons, dendrites, synapses, receptors, 
glial components, and critical neurotransmitters (norepinephrine, dopamine, acetylcholine) diminishes 
every year after age 50 (by 0.1–0.2 percent). As a result, the brain's volume, metabolism, and perfusion 
decrease, and an average age-related cognitive decline emerge. Objective: This review will elucidate the 
underlying factors mediating the interaction of COVID-19, diabetes, and mental health, which may 
provide essential clues for tailored intervention for this vulnerable population. Result: As per the World 
Alzheimer Report, 46.8 million individuals worldwide suffered from dementia in 2015, a figure that's still 
expected to quadruple every 20 years. During the COVID-19 epidemic, researchers and practitioners are 
becoming increasingly concerned about the emergence of neurological symptoms, particularly the 
development of cognitive impairment. Learning, memory, flexible thinking, concentration, and executive 
function are all cognitive functions. Examples of executive functions include understanding a specific 
problem, solving problems, judging, halting, or modifying old behaviors, and initiating new ones. When 
patients are required to complete complex tasks, such as changing their insulin dose, predicting the 
effects of physical exercise on blood glucose, or even diagnosing and treating appropriate hypoglycemia, 
all these behavioral reactions are critical. Conclusion: Cognitive problems impair a patient's capacity to 
carry out several treatment measures, such as adhering to a medical regimen and recognizing signs of 
deterioration, all of which compromise the patient's treatment compliance. The current review focuses 
on the state of cognitive functioning in patients with metabolic syndrome and diabetes mellitus at the 
time of diagnosis and following COVID-19. 

Keywords: Cognitive impairment, type II diabetes, COVID-19, hypoglycemia, mental health, mini‐mental 
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Introduction 

The coronavirus infection in 2019 was caused by 
the Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARCoV2). COVID-19 is a virus 
that can be transmitted from one person to 
another. The number of positive cases and 

mortality rate began to rise after that, and on 
March 11, 2020, the World Health Organization 
(WHO) proclaimed a pandemic (1). As of 17th 
June 2022, WHO claimed about 535 million 
people had been affected. It also confirmed 
6,314,972 deaths worldwide, with the United 
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States accounting for 2.75 million deaths, 
followed by Europe with 2 million deaths (2). 

 Because of the increase in life expectancy ad 
population growth over 65 years, the urgency of 
the problem of cognitive impairment (CI) is 
gradually increasing (3). Cognitive impairment 
usually worsens with age because of many 
changes in the human brain that occur as we age. 
After 50, the number of neurons, dendrites, 
synapses, receptors, glial elements, and critical 
neurotransmitters (norepinephrine, dopamine, 
and acetylcholine) drops by 0.1–0.2 percent per 
year. The result is a decrease in brain volume, 
metabolism, perfusion, and the onset of typical 
age-related cognitive decline (4).  

As older adults are not only more likely to 
become seriously ill with COVID19, but they are 
also more vulnerable to potentially long-lasting 
health consequences. Long-term complications in 
surviving patients are currently unknown. 

However, as has been observed in similar viral 
infections and survivors of serious illness, some 
of these patients may experience neurological 
sequelae in the form of cognitive and 
psychomotor impairment in the coming months 
and years. Neurological lengthening (5-8). 
Therefore, in this study, we review the evidence 
on the neuropsychiatric and cognitive 
manifestations of COVID 19 and its direct and 
indirect consequences in survivors, especially in 
older adults with dementia (9). 

Diabetes and Cognitive impairment  

The detrimental consequences of diabetes on the 
retina, renal, cardiovascular, and peripheral 
neurological systems are well known, but its 
implications on cognitive function and 
neurodevelopment have gotten less attention. 
Diabetes is linked to poor performance in a 
variety of cognitive domains.  

 

Figure 1. Factors that lead to the development of cognitive impairment in diabetes individuals 
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Although the specific pathogenesis of cognitive 
impairment in diabetes individuals is unknown, 
vascular disease, hyper or hypoglycemia, and 
insulin resistance appear to play essential roles. 
People with diabetes are more likely to suffer 
microvascular (nephropathy, retinopathy, and 
neuropathy) and macrovascular (heart, 
cerebrovascular, and peripheral artery 
disorders) issues, which can lead to cognitive 
impairment. Figure 1 shows the various factors 
that lead to the development of cognitive 
impairment in diabetic populations. 

Because of inconsistent reports, studies on 
cognitive impairment and diabetes mellitus are 
inconclusive. The inconsistency in findings could 
be attributed to differences in study design, study 

subject sources, and variations in diabetes 
mellitus or cognitive impairment criteria. It could 
also be due to differences in the duration or 
severity of diabetes mellitus among study 
participants. For this study, great care was taken 
to include subjects from the community, use 
definite case criteria for diabetes mellitus (fasting 
and postprandial investigations), and assess 
cognitive impairment by trained clinical 
psychologists and physicians for diagnostic 
formulation and table 1 reveals the prevalence of 
cognitive impairment in the diabetic population 
from various studies; these studies also show that 
diabetic patients have reduced performance in 
information processing speed and impaired 
memory, attention, and executive function. 

Table 1. Prevalence of Cognitive impairment in the Diabetic population 

Sr. No. Number patients studied Prevalence Reference 

1 516 33.73% Khullar S et al  2017 (20) 

2 250 22.8% Gupta A et al 2021(21) 

3 240 30.0% Subramanian et al 2021(22) 

4 70 54.29% Lalithambika et al 2019 (23) 

5 54 63% Verma et al 2021 (24) 

6 1545 18.4% Feinkohl et al 2018 (25) 

7 3938 26.9% Anjana RM et al 2017 (26) 

8 705 10.1% Callisaya et al 2018 (27) 

9 6865 55.4% Pelimanni et al 2018 (28) 

Cognitive dysfunction related to COVID-19 

Through the ACE2 receptor, SARS-CoV-2 infects 
lung tissue. The expression of ACE2 receptors is 
higher in people with diabetes. Insulin resistance, 
hyperglycemia, and an increase in angiotensin-
converting enzyme 2 (a cellular "receptor" for the 
virus) all contribute to increased inflammation in 
T2DM (29). Angiotensin-converting enzyme 2 
(ACE2) is a plasma membrane protein found 

primarily in the lungs, and also in the heart, 
kidneys, and insulin-producing cells (30). SARS-
CoV-2 has a high affinity for ACE2, and the 
complex is internalized after binding the virus, 
allowing the virus to replicate intracellularly 
(31). The primary route by which SARS-CoV-2 
enters the lungs and other cells in the body is 
through ACE2, which acts as a "receptor" for the 
virus (30, 32). 



Neuro Quantology | September 2022 | Volume 20 | Issue 9 | Page 4327-4336 | doi: 10.14704/nq.2022.20.9.NQ44492 
 Vijay Kumar Putta, Lalramengmawii, Rihana Begum Patnool, Anand Vijaya Kumar Palur Ramakrishnan/ Influence of Covid 19 on cognition 
impairment with Type II diabetes 

 

4330 

 

Figure 2. Detailed Illustration of HPA axis on Cognition 

Hypothalamic-Pituitary-Adrenal Axis, or HPA 
axis as commonly called, describes the 
interaction between the hypothalamus, pituitary 
gland, and adrenal glands. HPA AXIS is activated 
during a stress or cytokine storm. Hypothalamic 
neurons produce the corticotropin-releasing 
hormone in the HPA axis, which causes the 
pituitary to release ACTH, which causes the 
adrenal gland to release cortisol. The Thymus and 
Spleen produce corticosteroids, which are 
released into the bloodstream when the HPA axis 
is activated. Because type 2 diabetes causes an 
upregulation of the hypothalamic-pituitary-
adrenal axis and hypercortisolemia can cause 
cognitive dysfunction, the rise in cortisol levels 
seen in type 2 diabetes patients may contribute 
to cognitive dysfunction (33). 

Corticosteroid exposure is one possible 
mechanism for hippocampal injury. Excess 
corticosteroids cause reversible and irreversible 
changes in the structure and cognition of the 
hippocampus, according to animal studies, a 
topic that has been discussed previously (34). On 
the HPA axis, the hippocampus provides negative 
feedback and is involved in key declarative and 
spatial memory aspects. As a result, hippocampus 
dysfunction could explain both memory 
problems and neuroendocrine abnormalities in 
mood disorders. In animal and human studies, 
the hippocampus has been shown to play a 
critical role in declarative memory, emotional 

processing, and stress susceptibility. Long-term 
potentiation, neurogenesis, and dendritic 
remodeling are just a few cellular processes 
currently being studied in the hippocampus. 
Human studies have found cognitive deficits in 
depression, bipolar disorder, Cushing's disease, 
and those taking exogenous corticosteroids that 
are consistent with hippocampal dysfunction 
(35). 

The sympathetic-adrenal system and the HPA 
axis are involved in an organism's ability to adapt 
to stressors, and the interaction between these 
two systems is crucial in adaptation. Patients 
with stress-related disorders may be more 
vulnerable to mental illness for years after being 
exposed to stress. Stressors activate the 
sympathetic arm of the autonomic nervous 
system, followed by the HPA axis, on a systemic 
level. The adrenal medulla's chromaffin cells 
release catecholamines, epinephrine, and 
norepinephrine in response to activating the 
splanchnic nerve, promoting a rapid response. 
When the HPA axis is turned on, the ventricular 
nucleus of the hypothalamus secretes 
corticotropin-releasing hormone (CRH) and 
arginine vasopressin (AVP). The anterior 
pituitary is then stimulated to secrete 
adrenocorticotropic hormone (ACTH), which 
enables the adrenal cortex to produce 
corticosteroids in response to CRH and AVP (34). 
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The hypothalamus, pituitary gland, 
hippocampus, and amygdala are all involved in 
glucocorticoid feedback and have glucocorticoid 
receptors. A proper response to acute stress is 
critical for survival, but frequent or prolonged 
activation can change the functional tone of 
stress systems, resulting in negative 
consequences later. Excessive or chronic 
activation of the endocrine stress axis, which also 
results in a disrupted feedback loop, causes and 
contributes to various human diseases and stress 
states, such as anxiety, PTSD, major depressive 
disorder, and occupational burnout. 
Furthermore, gonadal steroids can have multiple 
effects on the HPA axis, resulting in gender 
variations in stress response (36). Men appear to 
be at higher risk in adolescence and adulthood, 
especially if they experience stress-related 
adversity or trauma early in life, according to 
animal models and human studies. On the other 
hand, women appear to be at higher risk in 

adolescence and adulthood, particularly if they 
experience stress-related adversity or trauma 
early in life to have a childhood Women are more 
vulnerable to mood disorders including 
depression and schizophrenia throughout 
perimenopause and menopause (37). 

COVID-19: Diabetes Mellitus 

Pathophysiology & Mechanism  

Diabetes is one of the comorbidities that people 
with COVID-19 report having the most 
commonly. However, diabetes is more common 
in these individuals than in the general 
population (8–10%), suggesting that diabetes is 
not a risk factor for developing COVID19 but is 
linked to higher mortality and more severe 
illness in COVID-19 pneumonia. This suggests 
that people with diabetes are more susceptible to 
a cytokine storm, metabolic dysregulation, and 
immunological dysfunction (38). 

 

Figure 3. Comparision of Cognitive impairment with and without diabetes during COVID-19 

COVID-19 and diabetes mellitus are both linked 
to acute and chronic inflammation, and both have 
the potential to influence clinical progression and 
prognosis. Two phases of the virus's 
immunological response can be distinguished 
clinically. The first stage is the non-severe stage, 
where the virus is eliminated, and the sickness is 
prevented from progressing to the more severe 

second stage. We'll show that it's far more 
complicated from an immunological standpoint 
and that the body's reaction to a viral challenge 
depends on the immune fitness of the individual 
exposed to the virus. The intensity, 
appropriateness, and size of the response and the 
pace of recovery will be determined by behavior, 
adaptiveness, and responsiveness. These 
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immune fitness measures can identify whether 
the immune system is functioning normally or 
abnormally. When a person's systemic resilience, 
dependent on regulatory subsystems and organ 
functional reserves, deteriorates, the risk of 
morbidity and death rises (39). 

SARS CoV-2 can infect endothelial cells and 
produce edema by increasing BBB permeability 
and causing endothelial cell injury. ACE2 is 
expressed in neurons and glial cells in the CNS 
under physiological settings, rendering the brain 
more sensitive to COVID-19 infection (40). Cell 
death is a result of viral infection and replication. 
Neurological problems may influence the 
morbidity and mortality of COVID-19 patients. 
The coronavirus's spike protein (S1) interacts 
with neuronal ACE2 (41). S protein and is made 
up of two subunits: S1 (for attachment) and S2 
(for membrane fusion) (42). Membrane (M), 
envelope (E), nucleocapsid (N), and spike (S) 
proteins are the SARS-CoV-2 proteins 
responsible for viral entrance and replication 
(43). Infected neurons can emit inflammatory 
chemicals that stimulate immune cells in the 
surrounding area, such as mast cells, endothelial 
cells, pericytes, neurons, microglia, and 
astrocytes. SARS-CoV-2 infection can cause 
intracerebral hemorrhage and BBB disruption 
because cerebral endothelial cells produce ACE2 
(26). Endothelial cell destruction, cerebral 
edema, neuronal death, and cognitive loss can all 
result from this. Even though all COVID-19 
patients have cytokine storms, high-risk 
individuals with diabetes, obesity, hypertension, 
smoking, and lung illness experience a severe 
type of cytokine storm (43). 

Additionally, this low-grade inflammation may 
cause the number of proinflammatory memory B 
cells to rise in COVID-19 diabetic patients and the 
percentage of anti-inflammatory B cells to fall, 
resulting in early maturation of the antibody 
response. Accordingly, Secchi M et al. found that 
SARS-CoV-2 antigens, such as the SARS-CoV-2 
spike Receptor Binding Domain, cause a quicker 
development of humoral response and 
superimposable antibody response in diabetic 
individuals compared to non-diabetic patients, 
regardless of blood glucose levels (38). 

Covid 19: Oxidative Stress: Cognitive 
Impairment  

During oxidative phosphorylation, mitochondria 
produce free radicals (Oxygen and Nitrogen 

species). Their high reactivity, caused by 
unengaged electrons, increases oxidative stress. 
This illness primarily affects the brain, which 
requires a lot of oxygen and has a high chance of 
accumulating "Reacting Species." Antioxidant 
molecules are critical in minimizing free-radical 
damage, particularly in the central nervous 
system: in fact, oxidative stress appears to 
accelerate the progression of neurodegenerative 
illnesses (44). 

The brain's high oxygen demand causes the 
creation of reactive oxygen species (ROS). Their 
high reactivity causes an increase in oxidative 
stress, which promotes: I glycosylation and 
oxidation of proteins, resulting in the formation 
of advanced glycation products (AGE) or loss of 
protein function; (ii) DNA damage via guanine 
base oxidation or nitration; and (iii) lipid 
peroxidation, which causes a decrease in 
membrane fluidity and an increase in cell 
permeability, altering cellular homeostasis All of 
these variables have the potential to contribute to 
the development of neurodegenerative diseases 
(45). 

Multiple studies have found considerably higher 
levels of lipid peroxidation and protein, DNA, and 
RNA oxidation in sensitive brain areas of 
individuals with late-stage Alzheimer's disease 
(AD). Recent research on people with amnestic 
moderate cognitive impairment (MCI), the first 
clinical indication of Alzheimer's disease, has 
revealed comparable patterns of oxidative 
damage. These findings imply that oxidative 
damage to critical biomolecules begins early in 
the development of Alzheimer's disease and 
precedes severe neuropathologic changes. 
Because oxidative damage occurs early in the 
evolution of Alzheimer's disease, it is a possible 
therapeutic target for decreasing the onset and 
progression of the illness (46). 

Covid 19: ACE2 increase expression: Cognitive 
Impairment  

The effect of SARSCoV2 on cognition may be 
related to the virus's sensitivity to specific CNS 
cells and its direct invasion of the CNS. The 
binding of the S1 subunit of the S protein, one of 
four structural proteins of the SARSCoV2 virion, 
to the angiotensin-converting enzyme 2 (ACE2) 
receptor on cell surfaces results in viral 
attachment to host cells, with the subsequent 
subcellular entry of the viral genome occurring 
after fusion of viral and host living cells. As a 
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result, SARSCoV2's cellular tropism is related to 
the expression of the ACE2 receptor (47). 

Alveoli, the stomach, the kidney, the epidermis, 
and vascular endothelial cells express the 
receptor outside the central nervous system. It is 
expressed in endothelial cells, neurons, 
oligodendrocytes, and astrocytes inside the CNS. 
Regionally, the posterior cingulate gyrus, middle 
temporal gyrus, substantia nigra, and olfactory 
bulb all contain high amounts of the ACE2 
receptor (48). 

Covid 19: Inflammatory Process (cytokine 
storm)  

The "cytokine storm" that generates high levels of 
proinflammatory cytokines and chemokines such 
as interleukin-6 (IL-6), IL-1, tumor necrosis 
factor-alpha (TNF-), chemokine (C-C-motif) 
ligand 2 (CCL2), and granulocyte-colony 
stimulating factor is now a characteristic of 
COVID-19 pathophysiology (G-CSF) (49). 
Delirium was the most reported impairment, and 
numerous reports of increased inflammatory 
markers imply an etiology. Other studies have 
shown that the condition causes significant 
increases in IL-6, TNF, and IL-1, cytokines known 
to have a substantial influence on working 
memory and attention. Impairment of these 
cognitive skills is a defining feature of delirium, 
suggesting that these cytokines are essential 
mediators in the pathogenesis of COVID-19-
induced cognitive deficits. Researchers are urged 
to test inflammatory markers to investigate the 
potential involvement of inflammation in 
mediating cognitive dysfunction in COVID-19 
patients (50). 

 

Discussion 

In diabetes-associated COVID 19, there may be 
abnormalities in cognitive function, which may 
be more severe in T2DM with associated 
metabolic syndrome. Diabetic cognitive 
impairment has a complicated etiology that 
entails altered insulin signaling, increased 
inflammation and oxidative stress pathways, and 
problems in metabolism and regulation. 
Identifying essential pathophysiological 
components is critical for creating novel 
therapeutic methods. According to various 
studies, TNF (42) and IL-1 can both influence 
attention and working memory deficits because 
they can both inhibit regular neuronal firing. 

Additionally, these consequences would be more 
pronounced in the case of neurotropism with 
clinical manifestations. In such cases, it is fair to 
suppose that more toll-like receptor 3/7/8-
stimulated microglial and astrocytic populations 
would be activated, and lower levels of BDNF 
would exacerbate this inflammation. 

Conclusion  

As a result, we assume that uncontrolled 
hyperglycemia may be a pivotal contributor to 
the development of COVID-19 in the diabetic 
population and significant increases in IL-6, TNF, 
and IL-1, cytokines known to have a substantial 
influence on working memory and attention and 
leads to cognitive impairment. Such individuals 
may be suitable candidates for early intervention 
with colchicine, anti-IL1a, anti-IL1b, or anti-IL6 
biological agents to avoid cytokine storm, lung, 
and cardiovascular consequences from COVID-19 
infection.  Further study is needed to understand 
the association between Cognition, Covid 19 & 
diabetes, and the prevalence of these three 
conditions to yield better patient management. 

 

Funding Statement 

This research did not receive any financial 
support, or specific grant from funding agencies 
in the public, commercial, or not-for-profit 
sectors. 

 

Conflict of Interest 

The author(s) declared no potential conflict of 
interest concerning this article’s research, 
authorship, and /or publication. 

 

Acknowledgment 

The authors wish to thank JSS College of 
Pharmacy, Ooty, and JSS Academy of Higher 
Education & Research, Mysuru for providing all 
the necessary facilities and support to carry out 
this study. Thanks to Dr. Anand Vijaya Kumar 
Palur Ramakrishnan for his continuous support 
and guidance, we would also like to thank Dr. 
Dhanabal, Principal, JSS College of Pharmacy, 
Ooty for his support and encouragement. 

 

 

 



Neuro Quantology | September 2022 | Volume 20 | Issue 9 | Page 4327-4336 | doi: 10.14704/nq.2022.20.9.NQ44492 
 Vijay Kumar Putta, Lalramengmawii, Rihana Begum Patnool, Anand Vijaya Kumar Palur Ramakrishnan/ Influence of Covid 19 on cognition 
impairment with Type II diabetes 

 

4334 

References  

1. Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. 
Severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) and 
coronavirus disease-2019 (COVID-19): The 
epidemic and the challenges. International 
journal of antimicrobial agents. 2020 Mar 
1;55(3):105924. 

2. World Health Organization. Coronavirus 
disease (COVID-19): situation report, 171. 

3. Iodice F, Cassano V, Rossini PM. Direct and 
indirect neurological, cognitive, and 
behavioral effects of COVID-19 on the 
healthy elderly, mild-cognitive-impairment, 
and Alzheimer’s disease populations. 
Neurological Sciences. 2021 Feb;42(2):455-
65. 

4. Mishchenko TS Cognitive disorders in the 
practice of family doctor (urgency of the 
problem, risk factors, pathogenesis, 
treatment, and prevention options). Family 
medicine. 2017. No 1 (69). Pp. 21-24. 

5. Lam, M. H., Wing, Y. K., Yu, M. W., Leung, C. M., 
Ma, R. C., Kong, A. P., et al. (2009). Mental 
morbidities and chronic fatigue in severe 
acute respiratory syndrome survivors: long-
term follow-up. Arch. Intern. Med. 169, 
2142–2147. doi: 
10.1001/archinternmed.2009.384. 

6. Desai, S. V., Law, T. J., and Needham, D. M. 
(2011). Long-term complications of critical 
care. Crit. Care Med. 39, 371–379. doi: 
10.1097/ccm.0b013e3181fd66e5 

7. Herridge, M. S., Moss, M., Hough, C. L., 
Hopkins, R. O., Rice, T. W., Bienvenu, O. J., et 
al. (2016). Recovery and outcomes after the 
acute respiratory distress syndrome (ARDS) 
in patients and their family caregivers. 
Intensive Care Med. 42, 725–738. doi: 
10.1007/s00134-016-4321-8 

8. Troyer, E. A., Kohn, J. N., and Hong, S. (2020). 
Are we facing a crashing wave of 
neuropsychiatric sequelae of COVID-19? 
Neuropsychiatric symptoms and potential 
immunologic mechanisms. Brain Behav. 
Immun. 87, 34–39. doi: 
10.1016/j.bbi.2020.04.027 

9. Alonso-Lana S, Marquié M, Ruiz A, Boada M. 
Cognitive and neuropsychiatric 
manifestations of COVID-19 and effects on 

elderly individuals with dementia. Frontiers 
in aging neuroscience. 2020:369. 

10. Wrighten SA, Piroli GG, Grillo CA, Reagan LP. 
A look inside the diabetic brain: Contributors 
to diabetes-induced brain aging. Biochimica 
et Biophysica Acta. 2009;1792(5):444-453 

11. Perantie DC, Koller JM, Weaver PM, Lugar 
HM, Black KJ, White NH, et al. Prospectively 
determined impact of type 1 diabetes on 
brain volume during development. Diabetes. 
2011;60(11):3006-3014 

12. Kodl CT, Seaquist ER. Cognitive dysfunction 
and diabetes mellitus. Endocrine Reviews. 
2008;29(4):494-511 

13. Association AD. Standards of medical care in 
diabetes—2014. Diabetes Care. 
2014;37(1):S14-S80 

14. Rahelić D, Jenkins A, Božikov V, Pavić E, Jurić 
K, Fairgrieve C, et al. Glycemic index in 
diabetes. Collegium Antropologicum. 
2011;35(4):1363-1368 

15. Marsh K, Barclay A, Colagiuri S, Brand-Miller 
J. Glycemic index and glycemic load of 
carbohydrates in the diabetes diet. Current 
Diabetes Reports. 2011;11(2):120-127 

16. Reagan LP. Diabetes as a chronic metabolic 
stressor: Causes, consequences and clinical 
complications. Experimental Neurology. 
2012;233(1):68-78 

17. Perantie DC, Koller JM, Weaver PM, Lugar 
HM, Black KJ, White NH, et al. Prospectively 
determined impact of type 1 diabetes on 
brain volume during development. Diabetes. 
2011;60(11):3006-3014 

18. Thomas D, Elliott EJ. Low glycaemic index, or 
low glycaemic load, diets for diabetes 
mellitus. Cochrane Database of Systematic 
Reviews. 2009;1:CD006296 

19. Reagan LP. Diabetes as a chronic metabolic 
stressor: Causes, consequences and clinical 
complications. Experimental Neurology. 
2012;233(1):68-78 

20. Khullar S, Kaur G, Dhillon H, Sharma R, Mehta 
K, Singh M, Singh P. The prevalence and 
predictors of cognitive impairment in type 2 
diabetic population of Punjab, India. Journal 
of Social Health and Diabetes. 2017 
Jun;5(01):047-53. 



Neuro Quantology | September 2022 | Volume 20 | Issue 9 | Page 4327-4336 | doi: 10.14704/nq.2022.20.9.NQ44492 
 Vijay Kumar Putta, Lalramengmawii, Rihana Begum Patnool, Anand Vijaya Kumar Palur Ramakrishnan/ Influence of Covid 19 on cognition 
impairment with Type II diabetes 

 

4335 

21. Gupta A, Gupta Y, Anjana RM, Ranjani H, 
Kalaivani M, Goyal A, Jagannathan N, Sharma 
S, Mittal B, Radhakrishnan VK, Garg V. 
Association of cognitive impairment with 
sleep quality, depression and 
cardiometabolic risk factors in individuals 
with type 2 diabetes mellitus: A cross 
sectional study. Journal of Diabetes and its 
Complications. 2021 Aug 1;35(8):107970 

22. Subramanian M, Vasudevan K, Rajagopal A. 
Cognitive impairment among older adults 
with diabetes mellitus in Puducherry: A 
community-based cross-sectional study. 
Cureus. 2021 Jan 4;13(1). 

23. Lalithambika CV, Arun CS, Saraswathy LA, 
Bhaskaran R. Cognitive impairment and its 
association with glycemic control in type 2 
diabetes mellitus patients. Indian Journal of 
Endocrinology and Metabolism. 2019 
May;23(3):353. 

24. Verma S, Agarwal S, Tashok S, Verma A, Giri 
R. Cognitive impairment in type 2 diabetes 
and its impact on daily living and self-care: A 
case-Control study in Kanpur, North India. 
Diabetes & Metabolic Syndrome: Clinical 
Research & Reviews. 2021 Jul 
1;15(4):102147. 

25. Feinkohl I, Lachmann G, Brockhaus WR, 
Borchers F, Piper SK, Ottens TH, Nathoe HM, 
Sauer AM, Dieleman JM, Radtke FM, van Dijk 
D. Association of obesity, diabetes and 
hypertension with cognitive impairment in 
older age. Clinical epidemiology. 
2018;10:853. 

26. Anjana RM, Deepa M, Pradeepa R, Mahanta J, 
Narain K, Das HK, Adhikari P, Rao PV, Saboo 
B, Kumar A, Bhansali A. Prevalence of 
diabetes and prediabetes in 15 states of 
India: results from the ICMR–INDIAB 
population-based cross-sectional study. The 
lancet Diabetes & endocrinology. 2017 Aug 
1;5(8):585-96. 

27. Callisaya ML, Beare R, Moran C, Phan T, 
Wang W, Srikanth VK. Type 2 diabetes 
mellitus, brain atrophy and cognitive decline 
in older people: a longitudinal study. 
Diabetologia. 2019 Mar;62(3):448-58. 

28. Pelimanni E, Jehkonen M. Type 2 diabetes 
and cognitive functions in middle age: a 
meta-analysis. Journal of the International 

Neuropsychological Society. 2019 
Feb;25(2):215-29. 

29. Erener S. Diabetes, infection risk and COVID-
19. Molecular metabolism. 2020 Sep 
1;39:101044. 

30. Rajpal A, Rahimi L, Ismail‐Beigi F. Factors 
leading to high morbidity and mortality of 
COVID‐19 in patients with type 2 diabetes. 
Journal of diabetes. 2020 Dec;12(12):895-
908. 

31. Wan Y, Shang J, Graham R, Baric RS, Li F. 
Receptor recognition by the novel 
coronavirus from Wuhan: an analysis based 
on decade-long structural studies of SARS 
coronavirus. Journal of virology. 2020 Mar 
17;94(7):e00127-20. 

32. Jin Y, Yang H, Ji W, Wu W, Chen S, Zhang W, 
Duan G. Virology, epidemiology, 
pathogenesis, and control of COVID-19. 
Viruses. 2020 Apr;12(4):372. 

33. Wu YC, Chen CS, Chan YJ. The outbreak of 
COVID-19: An overview. Journal of the 
Chinese medical association. 2020 
Mar;83(3):217. 

34. Kodl CT, Seaquist ER. Cognitive dysfunction 
and diabetes mellitus. Endocr Rev. 2008 
Jun;29(4):494-511. doi: 10.1210/er.2007-
0034. Epub 2008 Apr 24. PMID: 18436709; 
PMCID: PMC2528851. 

35. Oyola MG, Handa RJ. Hypothalamic-
pituitary-adrenal and hypothalamic-
pituitary-gonadal axes: sex differences in 
regulation of stress responsivity. Stress. 
2017;20:476–94. 

36. Lupien SJ, McEwen BS, Gunnar MR, Heim C. 
Effects of stress throughout the lifespan on 
the brain, behaviour and cognition. Nat Rev 
Neurosci 10: 434-445 

37. Brown ES, Rush AJ, McEwen BS. 
Hippocampal remodeling and damage by 
corticosteroids: implications for mood 
disorders. Neuropsychopharmacology. 1999 
Oct 1;21(4):474-84. 

38. Lambadiari V, Kousathana F, Raptis A, 
Katogiannis K, Kokkinos A and Ikonomidis I 
(2020) Pre-Existing Cytokine and NLRP3 
Inflammasome Activation and Increased 
Vascular Permeability in Diabetes: A 
Possible Fatal Link With Worst COVID-19 



Neuro Quantology | September 2022 | Volume 20 | Issue 9 | Page 4327-4336 | doi: 10.14704/nq.2022.20.9.NQ44492 
 Vijay Kumar Putta, Lalramengmawii, Rihana Begum Patnool, Anand Vijaya Kumar Palur Ramakrishnan/ Influence of Covid 19 on cognition 
impairment with Type II diabetes 

 

4336 

Infection Outcomes? Front. Immunol. 
11:557235. doi: 
10.3389/fimmu.2020.557235 

39. Steenblock C, Todorov V, Kanczkowski W, 
Eisenhofer G, Schedl A, Wong ML, Licinio J, 
Bauer M, Young AH, Gainetdinov RR, 
Bornstein SR. Severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) and 
the neuroendocrine stress axis. Molecular 
psychiatry. 2020 Aug;25(8):1611-7. 

40. Van den Berg DF, Te Velde AA. Severe 
COVID-19: NLRP3 inflammasome 
dysregulated. Frontiers in immunology. 
2020:1580. 

41. Kempuraj D, Selvakumar GP, Ahmed ME, 
Raikwar SP, Thangavel R, Khan A, Zaheer SA, 
Iyer SS, Burton C, James D, Zaheer A. COVID-
19, mast cells, cytokine storm, psychological 
stress, and neuroinflammation. The 
Neuroscientist. 2020 Oct;26(5-6):402-14. 

42. Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, 
Ren R, Leung KS, Lau EH, Wong JY, Xing X. 
Early transmission dynamics in Wuhan, 
China, of novel coronavirus–infected 
pneumonia. New England journal of 
medicine. 2020 Jan 29. 

43. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He 
JX, Liu L, Shan H, Lei CL, Hui DS, Du B. Clinical 
characteristics of coronavirus disease 2019 
in China. New England journal of medicine. 
2020 Apr 30;382(18):1708-20. 

44. Khanna, S., Roy, S., Ryu, H., Bahadduri, P., 
Swaan, P. W., Ratan, R. R., et al. (2003). 
Molecular basis of vitamin E action: 
tocotrienol modulates 12-lipoxygenase, a 
key mediator of glutamate-induced 

neurodegeneration. J. Biol. Chem. 278, 
43508–43515. 

45. Franzoni F, Scarfò G, Guidotti S, Fusi J, 
Asomov M, Pruneti C. Oxidative Stress and 
Cognitive Decline: The Neuroprotective Role 
of Natural Antioxidants. Frontiers in 
Neuroscience. 2021 Oct 13:1294. 

46. Lovell MA, Markesbery WR. Oxidative 
damage in mild cognitive impairment and 
early Alzheimer's disease. Journal of 
neuroscience research. 2007 Nov 
1;85(14):3036-40. 

47. Hoffmann M, Kleine-Weber H, Schroeder S, 
Krüger N, Herrler T, Erichsen S, Schiergens 
TS, Herrler G, Wu NH, Nitsche A, Müller MA. 
SARS-CoV-2 cell entry depends on ACE2 and 
TMPRSS2 and is blocked by a clinically 
proven protease inhibitor. cell. 2020 Apr 
16;181(2):271-80. 

48. Ritchie K, Chan D. The emergence of 
cognitive COVID. World Psychiatry. 2021 
Feb;20(1):52. 

49. Kempuraj D, Selvakumar GP, Ahmed ME, 
Raikwar SP, Thangavel R, Khan A, Zaheer SA, 
Iyer SS, Burton C, James D, Zaheer A. COVID-
19, mast cells, cytokine storm, psychological 
stress, and neuroinflammation. The 
Neuroscientist. 2020 Oct;26(5-6):402-14. 

50. Lambadiari V, Kousathana F, Raptis A, 
Katogiannis K, Kokkinos A and Ikonomidis I 
(2020) Pre-Existing Cytokine and NLRP3 
Inflammasome Activation and Increased 
Vascular Permeability in Diabetes: A 
Possible Fatal Link With Worst COVID-19 
Infection Outcomes? Front. Immunol. 
11:557235. doi: 
10.3389/fimmu.2020.557235. 

 


