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Cognition

• Definition: Mental processes in gaining 
knowledge and comprehension

• Associated Activities
- Attention: focus on a stimulus
- Language
- Learning
- Memory
- Perception: take information through senses and 
utilize information
- Thought: decision making, problem solving



Cognition and molecular biology

★Synaptic plasticity: synapses – repeated 
activation: to get stronger (long-term 
potentiation: LTP)/weaker (long-term 
depression: LTD) of certain pathway by 
new signals
★Neurogenesis: creation of new neuron or 

spines of neurons
★Ensembles – memory can be changed.



Neurogenesis, Synaptic plasticity and 
Ensembles

https://qbi.uq.edu.au/brain-basics/memory/how-are-memories-formed



Sex Hormones synthesis in Brain and 
its role on synaptic plasticity

• In gonadectomized animals and in 
hippocampal cultures, inhibition of estradiol 
synthesis in female animals and in cultures 
from female animals, and inhibition of 
dihydrotestosterone synthesis in male
animals and in cultures of male animals, cause 
synapse loss and impair LTP in the 
hippocampus, but not vice versa.

• It appears that hippocampal neurons are 
differentiated in a sex-specific manner.

Brandt et al. Vitamins and Hormones. 2020;114:125-143



Sex dependent Hr synthesis

Brandt et al. Vitamins and Hormones. 2020;114:125-143



Sex dependent Hr synthesis

Brandt et al. Vitamins and Hormones. 2020;114:125-143



Sex Hormones and neurogenesis

Larson TA. Front. Endocrinol. 2018;9:205 
(doi: 10.3389/fendo.2018.00205)



Sex Hormones and neurogenesis

Hatanaka et al. Brain Research 2015;1621:121-32.



Sex Hormones and neurogenesis

Hatanaka et al. Brain Research 2015;1621:121-32.









Cross sectional 
Studies

Associated

Not associated

Mohamad et al. Current Drug 
Targets 2018;19:898-906.



Observational 
Studies or RCT

Associated

Not associated

Mohamad et al. Current Drug 
Targets 2018;19:898-906.



Animal behavior test for cognition
“Morris water maze test”

https://www.youtube.com/watch?v=leHLL4vcbCc



Animal cognition test

Yan et al. Neural Regen Res. 2019;14(4):649-657.



Baltimore Longitudinal Study of Aging 
(BLSA)

• Each visit starting in 1963 and stored at 
–70 C

• 50 yr or older and who had androgen 
measures (n=407)

• Duration of follow-up averaged 9.7 yr
• For each subject, samples selected for 

assay were those from the visits closest 
to 10, 15, and 20 yr before the most 
recent visit.

MOFFAT et al. J Clin Endocrinol Metab 87: 5001–5007, 2002



Results after regression



Human study (RCT)

CNS & Neurological 
Disorders - Drug Targets, 

2016, 15, 337-343 



Human study (RCT)

Kenny et al. Journal of Gerontology 2002;57A:321-325
Zeng et al. International Journal of Crowd Science 2017:1:83-99



Observational study

Lašaitė et al. Andrologia. 2017;49:e12633.



Meta-analysis: TRT on cognition

Tan et al. Am J of Geriatric Psychiatry 27:11 (2019) 1232−1246



Meta-analysis: TRT on cognition

Buskbjerg et al. Journal of the Endocrine Society 2019;3:1465-84.



Buskbjerg et al. Journal of the Endocrine Society 2019;3:1465-84.



Pitfalls

• Old age (response to questionnaires)
• Strict standardization
• Multiple confounding factors
• Include Impaired cognition status
• Include Hypogonadism
• Lack of imaging or Bio-marker(objective 

brain metabolism)



Summary

• Recent evidences in neuro-endocrine 
studies showed roles of sex-hormone
 Neuronal plasticity, Neurogenesis

• Several longitudinal studies revealed 
association between T and Cognition.

• A few RCTs describes TRT on impaired 
cognition in hypogonadism.

• TRT is never harmful to cognitive function 
but needs well designed randomized 
control studies.



Thank you for listening

bbangbbangi@naver.com
LDS@catholic.ac.kr
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