
Aging Brain Research: 
Challenges and Opportunities

Prof K V S Hari
Director
director@cbr-iisc.ac.in

January 2026

Centre for Networked Intelligence (CNI)
Indian Institute of Science

21 Jan 2026

Sources:
Internet and



Launch of CBR Newsletter (21 September 2022)Introduction – Healthy and Aging Cells

2

• Healthy cells have the ability to divide, produce energy, 
involve in waste removal, nutrition uptake etc.

• Hayflick Limit: It refers to the maximum number of times a 
normal human somatic (body) cell can divide before it 
permanently stops and enters a state called cellular 
senescence. 

• Aged cells stop dividing but are metabolically active

Human 40-60 divisions ~80 years
(Galapagos Turtle ~110     divisions.           ~100+ years)
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Cell senescence has been defined as an induced, irreversible state of cell cycle 
arrest.*
*He S, Sharpless NE. Senescence in health and disease. Cell. 2017;169:1000–1011. 

These cells do not die but secrete substances that harm healthy cells. 

Stanford Medicine researchers found consistent nonlinear patterns in molecular 
markers of aging, with substantial dysregulation occurring at two major periods 
occurring at approximately 44 years and 60 years of chronological age.**

**Xiaotao Shen, Chuchu Wang, Xin Zhou, Wenyu Zhou, Daniel Hornburg, Si Wu & Michael P. 
Snyder, Nature Aging volume 4, pages 1619–1634 (2024)
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Microscopy image showing 

(green) telomeres, the 

protective caps at the ends 
of (blue) chromosomes. 

Within each of our cells, 

long strands of DNA are 

folded into chromosomes 

and capped with protective 

structures called 

telomeres, which play a 

crucial role in cellular 

aging.
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Microscopy image 

showing (green) 

telomeres, the 

protective caps at the 

ends of (blue) 

chromosomes, which 

play a crucial role in 
cellular aging.

But telomeres shorten as we age, 

eventually getting so whittled down 

that our chromosomes become 
exposed, and our cells die.

Permanent Cells that do not 
divide are Neurons, Cardiac 
myocytes, RBCs.



Introduction- Human Brain



Source: Internet

Astrocytes: Nutritional support, blood-brain barrier maintenance, ion balancing.
Oligodendrocytes: Axonal insulation (myelin) for faster signaling.
Microglia Immune surveillance, debris cleanup, and synaptic pruning.

~99% of neurons are formed before birth! Mature Neurons do not divide

Cells in the Brain



Source: Internet

Retina is an extension of the Brain
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Neural Communication – Ion Channels

g_ : Conductances



Source: Internet

Neural Communication
Intracellular “WIRED” Communication

Sodium, Potassium, Calcium  ion channels/pumps

Intercellular “WIRELESS” Communication
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All forms of knowing and awareness, such as perceiving, conceiving, 
remembering, reasoning, judging, imagining, and problem solving.

Adapted from the American Psychological Association’s Dictionary of Psychology

Cognitive decline due to Healthy Aging
Neurons do not divide!
The cognitive decline seen in "healthy" aging is therefore not caused by neurons 
dying, but by the aged glial environment failing to provide the nutrients, 
insulation, and cleaning services those neurons require to function.
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Steady rise in India’s dementia burden Healthy Aging and Diseased Aging
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Gomez et al., Aging (2020)

Misfolded  proteins lead to formation of Plaques and Tangles that inhibit neuronal functioning.
Cerebrospinal fluid (CSF) and blood plasma can be used for estimating the concentration of the proteins

brain

Pathology of Disease



Multi-System Proteomic Drivers



Risk Factors – Lancet Study 2024



Risk Factors – Lancet Study 2024
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Ref: A blueprint for 
Dementia Research, World 
Health Organization, 2022
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✓ Tertiary Occupation
✓ High literacy
✓ More migration
✓ More multilinguals
✓ More genetic 

heterogeneity
✓ Follow-up every year 

Tata Longitudinal 
Study on Aging 

(TLSA)

Srinivaspura
Aging, 
NeuroSenescence
and COGnition
study

1,000
subjects

10,000
subjects

✓ Agricultural community
✓ Low literacy
✓ Lesser migration
✓ More mono and bilinguals
✓ Less genetic heterogeneity
✓ Follow-up every 2 years 

First-of-its-kind, large-scale, longitudinal 
cohort studies on aging to identify risk 
factors and protective factors of 
dementia.

Subjects above the age of 45 years

2015 2018



Genome Sequencing and GWAS
Novaseq 6000

Confocal MicroscopeBiobank
ISO 20387:2018

Storage and 
HPC Cluster

Research Infrastructure

Gait  Assessment
SpirometryOCT EEGAudiometry Cardiac Autonomic 

Function Testing
ECHO

Carotid Doppler

3T MRI
PRISMA

Infrastructure



Research InfrastructureProteomics

131 proteins related 
to neurodegeneration

250 proteins related 
to inflammation

First installation in IndiaSIMOA
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Research InfrastructureData

Each visit of the subject  generates about 5 GB of data 
One-time whole genomic sequencing data size is ~70 GB

We have ~ 2 PB of cohort data
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Way Forward



Cohorts

Disease 
cohorts

Healthy
cohorts
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Insights from other 

collaborator's studies

Global expertise 

Proteomic and 

Genomic Analysis

Multi-modal digital 

assessments

Cognitive, clinical 

and other data

Clinical 

Cohorts

Hospitals

Wellness

Centres

CBR 

cohorts

Community 

based 
Cohorts

Multimodal
Data 

Analytics 

Capacity 
building on 

key 
expertise

Next-gen
digital suite 

of 
biomarkers

Role of CBR

Build National 
platform on 

neuro-
degeneration

Robust Risk 
scores

and dynamic 
trajectory trackers

Host 
Anonymized, 

secure, 
Federated, 

Data platform

CBR will be the coordinator for the network anchoring activities like high-through put proteomic analysis; 
secure, privacy protected, federated data management system, AI driven data analytics, capacity building 

and others 
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Anonymized, secure, Federated, Data 
platform

High throughput Data 
Analytics supported 

by cutting edge 
technologies

Insights in better 
diagnostics,  

prediction and 
intervention 
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Sleep 
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Multimodal digital 
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Integrative Multi-omics 
Approaches Cognitive, Clinical, 

Other data

Capacity building on 
priority areas
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Preliminary findings
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Poor cognitive performance in individuals 
with MCI was predicted by—

• Lesser volume of CA3 region of 
Hippocampus 

• Lesser Amygdala subfield volume (right 
central nucleus, right medial nucleus, right 
cortical nucleus and right whole amygdala)

(Singh et al., 2024a; Singh et al., 2024b).

Neuroimaging Biomarkers

Representative segmented T1 image of hippocampal subfields from a 
participant in (a) sagittal, (b) coronal, and (c) axial planes.
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Social connectedness, measured using Social Networking Index (SNI) was found to 
be associated with better cognitive function in both urban and rural cohorts 
(Mensegere et al., 2024; Rai et al., 2024).

Social Isolation
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• Participants with hearing loss are 
1.69 times more likely to experience 
cognitive impairment compared to 
those without HL (Agrawal et al., 
2025).

• Significantly less gray matter in 
various temporal and hippocampal 
regions in individuals with hearing 
loss and cognitive impairment as 
compared with normal hearing and 
normal cognition.

Hearing loss

(A) Glass‐brain view provided in SPM12. (B) overlay of the peak cluster on the background image of brain 
regions of lesser gray matter volume in normal hearing‐cognitively impaired (NH‐CI) participants compared 
to normal hearing‐normal cognition (NH‐NC) control participants. (C) Glass‐brain view provided in SPM12. 
(D) overlay of the peak cluster on the background image of brain regions of reduced gray matter volume in 
hearing loss‐cognitively impaired (HL‐CI) participants compared to hearing loss‐normal cognition (HL‐NC) 
participants. All images are in neurological convention. 
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Monolinguals had higher odds of mild cognitive impairment when compared to 
multilinguals in the rural cohort (Menon et al., 2024).

Participants in the urban cohort, trained in Carnatic music for at least 5 years 
were found to have better visuospatial abilities and executive functioning.

The musicians also had higher volumes of cortical grey matter in various brain 
regions and showed meta plasticity in cerebellum (Ghosh et al., 2024a&b).

Regular physical activity is also a factor that protects from cognitive decline 
(Ghosh et al., 2023, HS et al., 2024).



12 August 2014

CBR Registered as a Not-for-Profit Society
Generously funded by Pratiksha Trust

Feb 2015 June 2022 Feb 2023
Prime Minister 

Laying the Foundation Stone
for the CBR Building

Prime Minister 
Inaugurating the CBR Building

Signing of MoU with 
Pratiksha Trust

Key Moments

Governing Board, chaired by Prof G Rangarajan, Director, Indian Institute of Science
International Advisory Board, chaired by Prof Steve Hyman, Broad Institute, MIT-Harvard

Scientific Advisory Committee, chaired by Prof Srinath Reddy, Public Health Foundation of India

About CBR
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