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Introduction

The immune system and the brain were once
thought to operate in isolation, with the central
nervous system (CNS) considered immune-
privileged. However, mounting evidence reveals a
dynamic and bidirectional relationship between
peripheral immune activation and cognitive
function. Inflammation originating outside the
brain can profoundly influence neural circuits,
synaptic plasticity, and behavior. This connection
has significant implications for understanding
neurodegenerative diseases, psychiatric disorders,
and the cognitive effects of systemic illness. The
immune-brain axis refers to the complex
communication network between peripheral
immune cells and the CNS. This interaction is
mediated through several pathways: Pro-
inflammatory cytokines such as IL-1p, TNF-a, and
IL-6 can cross the blood-brain barrier (BBB) or
signal through circumventricular organs to
influence brain function. The vagus nerve transmits
immune signals from the periphery to the
brainstem, modulating neuroinflammatory
responses. Circulating immune mediators can affect
endothelial cells of the BBB, altering permeability
and  triggering  neuroinflammation. = These
mechanisms allow peripheral immune activation to
influence brain physiology even in the absence of
direct infection or injury [1].

Acute peripheral inflammation—such as that
caused by infection, surgery, or trauma—can lead
to transient cognitive impairments.  This
phenomenon, known as “sickness behavior,”
includes fatigue, reduced attention, memory
deficits, and mood changes. It is driven by
cytokine-induced changes in neurotransmitter
systems and synaptic function. For example,
studies have shown that systemic administration of

lipopolysaccharide (LPS), a bacterial endotoxin,
induces cognitive deficits in rodents by increasing
IL-1pB levels in the hippocampus, a region critical
for learning and memory. Persistent peripheral
inflammation is increasingly recognized as a risk
factor for neurodegenerative diseases such as
Alzheimer’s disease (AD), Parkinson’s disease
(PD), and vascular dementia. Chronic immune
activation can lead to: Peripheral cytokines
sensitize microglia, the brain’s resident immune
cells, to overreact to subsequent insults. Sustained
inflammation  compromises BBB integrity,
allowing immune cells and toxins to enter the
brain. In AD, systemic inflammation accelerates
amyloid-beta deposition and tau phosphorylation,
contributing to cognitive decline [2].

Epidemiological studies have linked elevated
peripheral markers like C-reactive protein (CRP)
and IL-6 to increased dementia risk. Autoimmune
diseases such as systemic lupus erythematosus
(SLE), rheumatoid  arthritis (RA), and
inflammatory bowel disease (IBD) are associated
with cognitive dysfunction. These impairments
may result from: Circulating autoantibodies that
cross the BBB and target neuronal structures.
Chronic  cytokine exposure, which alters
neurotransmission and neuroplasticity. Medication
effects, including corticosteroids and
immunosuppressants. In SLE, neuropsychiatric
symptoms—including memory loss and executive
dysfunction—are common and correlate with
disease activity and inflammatory markers [3].

The gut microbiota plays a pivotal role in
modulating peripheral immunity and, by extension,
cognitive function. Dysbiosis—an imbalance in
microbial composition—can lead to systemic
inflammation and altered brain signaling.
Mechanisms include: Studies have shown that
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probiotic supplementation can improve cognitive
performance in patients with mild cognitive
impairment, suggesting a therapeutic role for
microbiota modulation. Aging is accompanied by a
low-grade, chronic inflammatory state known as
“inflammaging.” This condition is characterized by
elevated levels of pro-inflammatory cytokines and
immune dysregulation. Older adults with higher
systemic inflammation show faster rates of
cognitive decline and poorer performance on
memory and executive function tests [4].

Peripheral inflammation is also implicated in
psychiatric  conditions such as depression,
schizophrenia, and bipolar disorder. Elevated
cytokines can: Anti-inflammatory treatments,
including NSAIDs and cytokine inhibitors, have
shown promise in alleviating cognitive symptoms
in these disorders. Understanding the impact of
peripheral immune activation on cognition opens
new therapeutic avenues: Peripheral inflammatory
markers may serve as early indicators of cognitive
decline and guide personalized interventions. These
strategies highlight the importance of systemic
health in maintaining cognitive resilience [5].

Conclusion

Peripheral immune activation is a powerful
modulator of cognitive function, influencing brain
health across the lifespan and in various disease
states. From acute infection to chronic
inflammation, the immune system communicates

with the brain through intricate pathways that shape
behavior, memory, and executive function. As
research continues to unravel these connections,
integrating immunological insights into cognitive
care will be essential for preventing and treating
neuropsychiatric and neurodegenerative disorders.

References

1. Wang H, Peters T, Kess D, et al. Activated
macrophages are essential in a murine
model for T cell-mediated chronic
psoriasiform skin inflammation. J Clin
Invest. 2006;116(8):2105-14.

2. Nestle FO, Conrad C, Tun-Kyi A, et
al. Plasmacytoid predendritic cells initiate
psoriasis through interferon-o production.
J Exp Med. 2005;202(1):135-43.

3. Nestle FO, Turka LA, Nickoloff
B. Characterization of dermal dendritic
cells in psoriasis. Autostimulation of T
lymphocytes and induction of Thl type
cytokines. J Clin Invest. 1994;94(1):202-9.

4. Nickoloff BJ, Wrone-Smith T. . Injection
of pre-psoriatic skin with CD4+ T cells
induces  psoriasis. Am J Pathol.
1999;155(1):145-58.

5. Bullard DC, Scharffetter-Kochanek K,
McArthur MJ, et al. A polygenic mouse
model of psoriasiform skin disease in
CD18-deficient mice. Proc Natl Acad Sci.
1996;93(5):2116-21.

Citation: Saline I. Peripheral immune activation and its impact on cognitive function. Immunol Case Rep.

2025;8(3):207.


https://www.jci.org/articles/view/27180
https://www.jci.org/articles/view/27180
https://www.jci.org/articles/view/27180
https://www.jci.org/articles/view/27180
https://rupress.org/jem/article-abstract/202/1/135/52766
https://rupress.org/jem/article-abstract/202/1/135/52766
https://www.jci.org/articles/view/117308
https://www.jci.org/articles/view/117308
https://www.jci.org/articles/view/117308
https://www.jci.org/articles/view/117308
https://onesearch.cumbria.ac.uk/discovery/openurl?institution=44UOC_INST&rfr_id=info:sid%252Fprimo.exlibrisgroup.com-bX-Bx&rft_val_fmt=info:ofi/fmt:kev:mtx:&rft.epage=58&rft.volume=155&rft_id=info:doi/&rfr_id=info:sid/primo.exlibrisgroup.com-21998549-Bx&resource_type=article&rft.isbn_list=&rft.jtitle=The%20American%20journal%20of%20pathology&rft.genre=article&rft.issue=1&rft.auinit1=B&rft.aulast=Nickoloff&rft.auinit=BJ&rft.date=1999-06-30&rft.eisbn_list=&rft.spage=145&rft.au=Nickoloff,%20B%20J%20J&rft.atitle=Injection%20of%20pre-psoriatic%20skin%20with%20CD4+%20T%20cells%20induces%20psoriasis.&rft.issn=0002-9440&rft.eissn=1525-2191&svc_dat=CTO&vid=44UOC_INST:44UOC_VU1
https://onesearch.cumbria.ac.uk/discovery/openurl?institution=44UOC_INST&rfr_id=info:sid%252Fprimo.exlibrisgroup.com-bX-Bx&rft_val_fmt=info:ofi/fmt:kev:mtx:&rft.epage=58&rft.volume=155&rft_id=info:doi/&rfr_id=info:sid/primo.exlibrisgroup.com-21998549-Bx&resource_type=article&rft.isbn_list=&rft.jtitle=The%20American%20journal%20of%20pathology&rft.genre=article&rft.issue=1&rft.auinit1=B&rft.aulast=Nickoloff&rft.auinit=BJ&rft.date=1999-06-30&rft.eisbn_list=&rft.spage=145&rft.au=Nickoloff,%20B%20J%20J&rft.atitle=Injection%20of%20pre-psoriatic%20skin%20with%20CD4+%20T%20cells%20induces%20psoriasis.&rft.issn=0002-9440&rft.eissn=1525-2191&svc_dat=CTO&vid=44UOC_INST:44UOC_VU1
https://onesearch.cumbria.ac.uk/discovery/openurl?institution=44UOC_INST&rfr_id=info:sid%252Fprimo.exlibrisgroup.com-bX-Bx&rft_val_fmt=info:ofi/fmt:kev:mtx:&rft.epage=58&rft.volume=155&rft_id=info:doi/&rfr_id=info:sid/primo.exlibrisgroup.com-21998549-Bx&resource_type=article&rft.isbn_list=&rft.jtitle=The%20American%20journal%20of%20pathology&rft.genre=article&rft.issue=1&rft.auinit1=B&rft.aulast=Nickoloff&rft.auinit=BJ&rft.date=1999-06-30&rft.eisbn_list=&rft.spage=145&rft.au=Nickoloff,%20B%20J%20J&rft.atitle=Injection%20of%20pre-psoriatic%20skin%20with%20CD4+%20T%20cells%20induces%20psoriasis.&rft.issn=0002-9440&rft.eissn=1525-2191&svc_dat=CTO&vid=44UOC_INST:44UOC_VU1
https://onesearch.cumbria.ac.uk/discovery/openurl?institution=44UOC_INST&rfr_id=info:sid%252Fprimo.exlibrisgroup.com-bX-Bx&rft_val_fmt=info:ofi/fmt:kev:mtx:&rft.epage=58&rft.volume=155&rft_id=info:doi/&rfr_id=info:sid/primo.exlibrisgroup.com-21998549-Bx&resource_type=article&rft.isbn_list=&rft.jtitle=The%20American%20journal%20of%20pathology&rft.genre=article&rft.issue=1&rft.auinit1=B&rft.aulast=Nickoloff&rft.auinit=BJ&rft.date=1999-06-30&rft.eisbn_list=&rft.spage=145&rft.au=Nickoloff,%20B%20J%20J&rft.atitle=Injection%20of%20pre-psoriatic%20skin%20with%20CD4+%20T%20cells%20induces%20psoriasis.&rft.issn=0002-9440&rft.eissn=1525-2191&svc_dat=CTO&vid=44UOC_INST:44UOC_VU1
https://www.pnas.org/doi/abs/10.1073/pnas.93.5.2116
https://www.pnas.org/doi/abs/10.1073/pnas.93.5.2116
https://www.pnas.org/doi/abs/10.1073/pnas.93.5.2116

	Peripheral immune activation and its impact on cognitive function.
	Irfan Saline*
	Department of Microbiology, University of Bristol, United Kingdom
	Received: 02-Aug-2025, Manuscript No. AAICR-25-171207; Editor assigned: 03-Aug-2025, Pre QC No. AAICR-25-171207(PQ); Reviewed: 18-Aug-2025, QC No. AAICR-25-171207; Revised: 24-Aug-2025, Manuscript No. AAICR-25-171207(R); Published: 30-Aug-2025, DOI: 1...
	Conclusion
	References


