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ABSTRACT

Patients living with diabetes suffer from a spectrum of cognitive and mood disorders. To encompass the diverse 
neuropsychological aspects of diabetes, the authors herein propose the new construct of “diabetic melancholy”, which 
stands for memory impairments, executive dysfunctions, language impairments, psychomotor retardation, low mood, and 
apathy. Authors have also described the underlying neural basis of cognitive dysfunction in diabetes.
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interconnected mechanisms that span molecular, 
cellular, and system levels4. At the molecular level, 
insulin resistance, a hallmark feature of type 2 diabetes 
mellitus (T2DM), disrupts insulin signaling pathways 
within the brain, impairing glucose uptake and meta
bolism, and precipitating neuronal dysfunction5. Insulin, 
traditionally known for its role in glucose homeostasis, 
also serves as a neurotrophic factor, promoting neuronal 
survival, synaptic plasticity, and cognitive function6. 
Dysregulation of insulin signaling pathways, as 
observed in insulin resistance, compromises these 
neurotrophic effects, leading to synaptic loss, impaired 
neurotransmitter release, and cognitive decline7.

Concurrently, chronic lowgrade inflammation, fuelled by 
adipose tissuederived cytokines and activated microglia, 
instigates neuroinflammatory cascades that exacerbate 
neuronal injury and synaptic loss8. Proinflammatory 
cytokines such as interleukin1β (IL1β), tumor necrosis 
factoralpha (TNFα), and interleukin6 (IL6) disrupt 
synaptic plasticity, impair neurotransmitter metabolism, 
and promote oxidative stress, further exacerbating 
neuronal dysfunction in diabetes9,10.

Furthermore, the formation of advanced glycation end 
products (AGEs) and oxidative stress engender oxidative 
damage to cellular macromolecules, including proteins, 
lipids, and nucleic acids, precipitating neurodegenerative 
processes and compromising neuronal viability11. AGEs, 
formed through nonenzymatic glycation of proteins and 
lipids, accumulate in the brain parenchyma and cerebral 
vasculature, promoting neuronal apoptosis, bloodbrain 

Diabetes mellitus, a chronic metabolic disorder 
characterized by hyperglycemia, has emerged 
as a global health concern, affecting over 

400 million individuals worldwide1. Beyond its well
documented effects on systemic health, diabetes exerts 
a profound impact on cognitive function, presenting a 
complex interplay between metabolic dysregulation and 
neural vulnerability2. In recent years, the convergence 
of Alzheimer’s disease (AD), vascular dementia (VaD), 
and cognitive impairment in diabetes has sparked 
intense scientific interest, prompting a reevaluation 
of the neuropathological underpinnings and clinical 
manifestations of cognitive decline in this population3.

PATHOPHYSIOLOGY OF COGNITIVE IMPAIRMENTS 
IN DIABETES

The pathophysiology of cognitive impairments in 
diabetes is multifaceted, involving a constellation of 
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barrier dysfunction, and neurovascular uncoupling10,11. 
Oxidative stress, arising from an imbalance between 
reactive oxygen species (ROS) production and anti
oxidant defenses, further exacerbates neuronal injury, 
leading to mitochondrial dysfunction, DNA damage, 
and impaired synaptic transmission12.

Moreover, dysregulation of sirtuins, a family of NAD+ 
dependent deacetylases implicated in cellular homeo
stasis and longevity, and tau protein phosphorylation 
precipitates tau pathology, contributing to synaptic 
dysfunction and cognitive decline13. Sirtuins, particu
larly SIRT1 (silent information regulator sirtuin 1), 
regulate multiple cellular processes, including energy 
metabolism, DNA repair, and stress response, through 
deacetylation of target proteins such as histones, 
transcription factors, and metabolic enzymes14. Dysregu
lation of sirtuin activity, as observed in diabetes, disrupts 
mitochondrial function, promotes oxidative stress, and 
impairs synaptic plasticity, contributing to cognitive 
dysfunction13. Tau protein, a microtubuleassociated 
protein implicated in microtubule stabilization and 
axonal transport, undergoes hyperphosphorylation in 
diabetes, leading to the formation of neurofibrillary 
tangles and synaptic loss15. Tau pathology, akin to that 
observed in AD, disrupts neuronal function, impairs 
synaptic transmission, and precipitates cognitive 
decline in diabetes16.

PATTERN OF COGNITIVE IMPAIRMENTS IN DIABETES

A nuanced understanding of the cognitive phenotype 
in diabetes necessitates a comprehensive evaluation 
of diverse cognitive domains, encompassing memory, 
executive function, attention, language, and visuospatial 
skills17. Memory impairments, ranging from deficits 
in working and immediate memory to impaired 
incidental memory, are pervasive in diabetes, reflecting 
disruptions in hippocampal and prefrontal cortical 
circuits. Executive dysfunctions, encompassing deficits 
in cognitive flexibility, inhibitory control, and task 
switching, further underscore the cognitive burden 
of diabetes1719. Disruptions in attentional control, 
reflected in impaired sustained and divided attention, 
compromise cognitive performance and functional 
independence in diabetes. Moreover, language deficits, 
encompassing impaired verbal fluency, comprehension, 
and expressive language, impede communication and 
social interaction in diabetes. Visuospatial impairments, 
characterized by deficits in visuoconstruction, visual 
memory, and spatial orientation, further contribute to 
cognitive dysfunction and functional decline in diabetes. 
The heterogeneity of cognitive impairments in diabetes 

underscores the complex interplay between metabolic 
dysregulation, neural vulnerability, and individual 
differences in cognitive reserve and resilience2,17.

NEUROANATOMICAL SUBSTRATES INVOLVED IN 
DIABETES

The neuroanatomical correlates of cognitive impair
ments in diabetes are intricately woven into the 
fabric of neural circuits governing mood, memory, 
and executive function. Neuroimaging studies have 
revealed structural and functional alterations in regions 
such as the ventromedial prefrontal cortex (VMPFC), 
anterior cingulate cortex (ACC), and hippocampus, 
implicated in mood regulation, attentional control, and 
episodic memory encoding20. Moreover, disruptions 
in neurotransmitter systems, particularly serotonin, 
have been implicated in the pathogenesis of mood 
disorders and cognitive impairments in diabetes21. 
Aberrant serotonergic signaling within the prefrontal
limbic circuitry may contribute to the development 
of depression and apathy, prevalent features among 
patients with diabetes.

EXPLORING COGNITIVE FUNCTIONS

The intricate interplay between cognitive functions and 
neural substrates in diabetes unveils a complex tapestry 
of neurocognitive dysfunction, spanning diverse domains 
such as memory, attention, language, and executive 
function22. Memory circuits, encompassing the hippo
campal formation and associated limbic structures, are 
vulnerable to the deleterious effects of hyperglycemia 
and insulin resistance, precipitating deficits in episodic 
memory and semantic memory retrieval23. Disruptions 
in attentional control, mediated by dysregulation of 
prefrontal cortical and thalamic circuits, compromise 
cognitive performance and functional independence 
in diabetes2426. Moreover, language processing, a 
quintessential human faculty, is subserved by distri
buted neural networks encompassing the auditory 
cortex, Broca’s area, and the anterior temporal lobe27. In 
diabetes, disruptions in syntactic processing and semantic 
retrieval may manifest as decreased verbal fluency and 
comprehension, reflecting underlying altera tions in 
frontaltemporal connectivity. Executive dysfunctions, 
encompassing deficits in cognitive flexibility, planning, 
and problemsolving, underscore the cognitive burden 
of diabetes. Disruptions in dorsolateral prefrontal cortical 
(DLPFC) circuits, coupled with aberrant dopaminergic 
signaling within the mesocorticolimbic pathway may 
contribute to a deficit in reward processing and motiva
tion observed in diabetes28.
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Information processing speed, a cardinal feature of 
cognitive efficiency, emerges as a sensitive marker 
of cognitive impairment in diabetes. Disruptions in 
frontalsubcortical networks, mediated by insulin 
resistance and neuroinflammation, contribute to slow 
cognitive processing and impaired attentional control, 
precipitating deficits in taskswitching and inhibitory 
control7. Dysfunction within the prefrontalstriatal 
circuits impairs the ability to initiate and sustain goal
directed behavior, leading to deficits in cognitive 
flexibility and planning29.

Moreover, alterations in the connectivity and function 
of the default mode network (DMN), a set of brain 
regions implicated in introspection and selfreferential 
thought, may contribute to cognitive dysfunction in 
diabetes30. Dysfunctional DMN connectivity has been 
associated with rumination, excessive worry, and 
depressive symptoms, highlighting the potential role 
of maladaptive cognitive processes in the development 
and progression of “diabetic melancholy”24,25,30.

THE ENIGMA OF “DIABETIC MELANCHOLY”

Against the backdrop of cognitive impairments and 
mood alterations in diabetes31, the concept of “diabetic 
melancholy” emerges as a unifying framework to 
elucidate the complex interplay between cognitive 
dysfunction and affective symptoms32. Memory 
impairment, Executive dysfunction, LANguage deficit, 
psyCHOmotor retardation, Low mood, and ApathY 
converge to define the heterogeneous phenotype of 
“diabetic melancholy” (Fig. 1). 

This wide spectrum of cognitive dysfunctions and 
mood alterations in diabetes reflects the profound 
impact of metabolic dysregulation on neural circuits 
governing emotion regulation, reward processing, and 
stress response.

Moreover, the bidirectional relationship between 
cognitive impairment and mood disorders in diabetes 
underscores the need for integrated treatment approaches 
that target both cognitive and affective symptoms33. 
Pharmacological interventions, such as insulin sensi
tizers, antiinflammatory agents, and neurotrophic 
factors, hold promise for mitigating neuronal injury and 
preserving cognitive function in diabetes. Psychosocial 
interventions, including cognitivebehavioral therapy, 
mindfulnessbased interventions, and lifestyle modifi
cations, may complement pharmacotherapy by addre
ssing maladaptive cognitive and emotional patterns 
and promoting adaptive coping strategies34,35.

Construct of Diabetic 
MELANCHOLY

Memory impairment

apathY

Low mood

psyCHOmotor retardation

LANguage deficit

Executive dysfunction 

Figure 1. Components of “diabetic melancholy”.

CONCLUSION

The elucidation of “diabetic melancholy” heralds a 
paradigm shift in our understanding of the intricate 
interplay between metabolic dysregulation, neural 
vulnerability, and cognitive dysfunction in diabetes. 
By unraveling the neuropathological underpinnings 
and clinical manifestations of cognitive impairments in 
diabetes, we pave the way for targeted interventions 
and therapeutic breakthroughs aimed at mitigating the 
cognitive burden of this pervasive metabolic disorder. 
From molecular mechanisms to clinical phenotypes, 
the journey to unravel the enigmatic “diabetic melan
choly” promises to yield insights that transcend disci
plinary boundaries and transform the landscape of 
diabetes care. Integrating scientific knowledge with 
clinical expertise and patientcentered care will be 
essential for addressing the complex interplay between 
cognitive impairment, mood disorders, and metabolic 
dysregulation in diabetes.

REFERENCES

1. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, 
Unwin N, et al; IDF Diabetes Atlas Committee. Global 
and regional diabetes prevalence estimates for 2019 
and projections for 2030 and 2045: Results from the 
International Diabetes Federation Diabetes Atlas, 9th 
edition. Diabetes Res Clin Pract. 2019;157:107843.

2. Aderinto N, Olatunji G, Abdulbasit M, Ashinze P, 
Faturoti O, Ajagbe A, et al. The impact of diabetes in 
cognitive impairment: a review of current evidence 
and prospects for future investigations. Medicine 
(Baltimore). 2023;102(43):e35557. 

3. Biessels GJ, Despa F. Cognitive decline and dementia in 
diabetes mellitus: mechanisms and clinical implications. 
Nat Rev Endocrinol. 2018;14(10):591604. 

4. Zilliox LA, Chadrasekaran K, Kwan JY, Russell JW. 
Diabetes and cognitive impairment. Curr Diab Rep. 
2016;16(9):87. 



BRIEF COMMUNICATION

37Indian Journal of Clinical Practice, Vol. 35, No. 1, June 2024

5. Arnold SE, Arvanitakis Z, MacauleyRambach SL, 
Koenig AM, Wang HY, Ahima RS, et al. Brain 
insulin resistance in type 2 diabetes and Alzheimer 
disease: concepts and conundrums. Nat Rev Neurol. 
2018;14(3):16881.

6. Yaribeygi H, Maleki M, Butler AE, Jamialahmadi T, 
Sahebkar A. Brain insulin signaling and cognition: 
possible links. EXCLI J. 2023;22:23749. 

7. de la Monte SM. Insulin resistance and neurodegeneration: 
progress towards the development of new therapeutics 
for Alzheimer’s disease. Drugs. 2017;77(1):4765. 

8. de A Boleti AP, de O Cardoso PH, F Frihling BE, E 
Silva PS, de Moraes LFRN, Migliolo L. Adipose tissue, 
systematic inflammation, and neurodegenerative 
diseases. Neural Regen Res. 2023;18(1):3846. 

9. Bourgognon JM, Cavanagh J. The role of cytokines in 
modulating learning and memory and brain plasticity. 
Brain Neurosci Adv. 2020;4:2398212820979802. 

10. Zhang W, Xiao D, Mao Q, Xia H. Role of neuro
inflammation in neurodegeneration development. 
Signal Transduct Target Ther. 2023;8(1):267. 

11. Gkogkolou P, Böhm M. Advanced glycation end 
products: key players in skin aging? Dermatoendocrinol. 
2012;4(3):25970. 

12. Olufunmilayo EO, GerkeDuncan MB, Holsinger RMD. 
Oxidative stress and antioxidants in neurodegenerative 
disorders. Antioxidants (Basel). 2023;12(2):517. 

13. Fagerli E, Escobar I, Ferrier FJ, Jackson CW, Perez
Lao EJ, PerezPinzon MA. Sirtuins and cognition: 
implications for learning and memory in neurological 
disorders. Front Physiol. 2022;13:908689.

14. Yang Y, Liu Y, Wang Y, Chao Y, Zhang J, Jia Y, et al. 
Regulation of SIRT1 and its role in inflammation. Front 
Immunol. 2022;13:831168. 

15. Barbier P, Zejneli O, Martinho M, Lasorsa A, Belle V, 
SmetNocca C, et al. Role of tau as a microtubule
associated protein: structural and functional aspects. 
Front Aging Neurosci. 2019;11:204. 

16. Wu M, Zhang M, Yin X, Chen K, Hu Z, Zhou Q, et al. 
The role of pathological tau in synaptic dysfunction 
in Alzheimer’s diseases. Transl Neurodegener. 2021; 
10(1):45. 

17. Momtaz YA, Hamid TA, Bagat MF, Hazrati M. The 
association between diabetes and cognitive function in 
later life. Curr Aging Sci. 2019;12(1):626.  

18. PeñaGonzález P, MondragónMaya A, SilvaPereyra J, 
RoaRojas P. Cognitive reserve and executive functions 
in adults with type 2 diabetes. J Diabetes Res. 2020; 
2020:7941543. 

19. Zhao Q, Zhang Y, Liao X, Wang W. Executive function 
and diabetes: a clinical neuropsychology perspective. 
Front Psychol. 2020;11:2112. 

20. Friedman NP, Robbins TW. The role of prefrontal 
cortex in cognitive control and executive function. 
Neuropsychopharmacology. 2022;47(1):7289. 

21. Prabhakar V, Gupta D, Kanade P, Radhakrishnan M. 
Diabetesassociated depression: the serotonergic 
system as a novel multifunctional target. Indian J 
Pharmacol. 2015;47(1):410.  

22. Sadanand S, Balachandar R, Bharath S. Memory and 
executive functions in persons with type 2 diabetes: a 
metaanalysis. Diabetes Metab Res Rev. 2016;32(2):13242. 

23. Sadeghi A, Hami J, Razavi S, Esfandiary E, Hejazi Z. 
The effect of diabetes mellitus on apoptosis in hippo
campus: cellular and molecular aspects. Int J Prev Med. 
2016;7:57. 

24. Cui Y, Li SF, Gu H, Hu YZ, Liang X, Lu CQ, et al. 
Disrupted brain connectivity patterns in patients 
with type 2 diabetes. AJNR Am J Neuroradiol. 
2016;37(11):211522. 

25. Cui Y, Jiao Y, Chen HJ, Ding J, Luo B, Peng CY, et al. 
Aberrant functional connectivity of defaultmode 
network in type 2 diabetes patients. Eur Radiol. 
2015;25(11):323846. 

26. Xia W, Luo Y, Chen YC, Zhang D, Bo F, Zhou P, et al. 
Disrupted functional connectivity of the amygdala is 
associated with depressive mood in type 2 diabetes 
patients. J Affect Disord. 2018;228:20715.

27. CahanaAmitay D, Albert ML. Brain and language: 
evidence for neural multifunctionality. Behav Neurol. 
2014;2014:260381. 

28. Rabinovici GD, Stephens ML, Possin KL. Executive 
dysfunction. Continuum (Minneap Minn). 2015;21(3 
Behavioral Neurology and Neuropsychiatry):64659. 

29. Cruz KG, Leow YN, Le NM, Adam E, Huda R, Sur M. 
Corticalsubcortical interactions in goaldirected 
behavior. Physiol Rev. 2023;103(1):34789. 

30. Zhang Y, Yin X, Chen YC, Chen H, Jin M, Ma Y, et al. 
Aberrant brain triplenetwork effective connectivity 
patterns in type 2 diabetes mellitus. Diabetes Ther. 
2024;15(5):121529. 

31. Zhang S, Zhang Y, Wen Z, Yang Y, Bu T, Bu X, et al. 
Cognitive dysfunction in diabetes: abnormal glucose 
metabolic regulation in the brain. Front Endocrinol 
(Lausanne). 2023;14:1192602. 

32. AbHamid N, Omar N, Ismail CAN, Long I. Diabetes 
and cognitive decline: challenges and future direction. 
World J Diabetes. 2023;14(6):795807. 

33. AlAtram AA. A review of the bidirectional relationship 
between psychiatric disorders and diabetes mellitus. 
Neurosciences (Riyadh). 2018;23(2):916. 

34. Srikanth V, Sinclair AJ, HillBriggs F, Moran C, 
Biessels GJ. Type 2 diabetes and cognitive dysfunction
towards effective management of both comorbidities. 
Lancet Diabetes Endocrinol. 2020;8(6):53545. 

35. Luo A, Xie Z, Wang Y, Wang X, Li S, Yan J, et al. Type 2 
diabetes mellitusassociated cognitive dysfunction: 
advances in potential mechanisms and therapies. 
Neurosci Biobehav Rev. 2022;137:104642. 


