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Pathological lipid redistribution as a shared
immunometabolic axis in chronic communicable and

non-communicable diseases

Abstract

Chronic diseases, encompassing both communicable and non-communicable conditions,
are increasingly recognized as disorders of persistent immune and metabolic dysregulation
rather than isolated pathological events. Excessive dietary fat intake has long been associated
with inflammation and metabolic dysfunction. However, emerging evidence suggests
that lipid distribution and cellular handling of lipids are critical determinants of disease
persistence. Glycerolipids and triglycerides play central roles in immunometabolism,
macrophage polarization, microbial survival, and pain modulation. Macrophages exhibit
pronounced metabolic plasticity in response to lipid availability, and dysregulated lipid
handling promotes dominance of alternatively activated (M2) macrophages. Although
M2 macrophages contribute to inflammation resolution and tissue repair, sustained M2
polarization is associated with impaired microbial clearance, immune tolerance, fibrosis,
and chronic disease progression. Pathogens such as Mycobacterium tuberculosis exploit
host lipid stores to support long-term persistence, while chronic metabolic disorders
exhibit abnormal lipid compartmentalization across circulation, tissues, and immune
cells. Concurrently, alterations in glycerolipid and triglyceride profiles influence
nociceptor activity and pain signaling, further linking lipid metabolism to clinical disease
manifestations. Here, we hypothesize that pathological redistribution and dysregulated
handling of glycerolipids and triglycerides—rather than their absolute abundance—
constitute a shared immunometabolic axis that promotes M2 macrophage dominance,
impairs microbial clearance, alters pain signaling, and contributes to the persistence of
both communicable and non-communicable chronic diseases. This conceptual framework
integrates metabolic disease, chronic infection, immune tolerance, and pain biology
into a unified model. If validated, this hypothesis would shift current paradigms toward
therapeutic strategies aimed at restoring physiological lipid distribution and macrophage
metabolic balance, offering novel opportunities for intervention across a broad spectrum
of chronic diseases.
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Introduction

Chronic diseases, including communicable conditions such as
tuberculosis and non-communicable disorders such as cardiovascular
disease, obesity, type 2 diabetes, and fatty liver disease, are increasingly
recognized as being driven by persistent immune dysregulation rather
than isolated pathological insults. Excessive consumption of saturated
and trans fats is strongly associated with systemic inflammation,
oxidative stress, visceral adiposity, and lipid metabolic disturbances,
all of which contribute to chronic disease development.'?

High-fat diets induce a chronic low-grade inflammatory state
characterized by immune cell infiltration into adipose tissue, altered
cytokine profiles, and reduced immune efficiency against external
pathogens.? Experimental evidence supports this observation, as mice
fed lard-based diets over prolonged periods exhibit impaired bacterial
clearance from the bloodstream.?

Macrophages play a central role in this process due to their
remarkable metabolic and functional plasticity. In lipid-rich
environments, particularly within adipose tissue, macrophage
polarization is strongly influenced by lipid availability and intracellular
lipid handling. Excess lipid accumulation drives adipose tissue
macrophages (ATMs) toward a pro-inflammatory (M1) phenotype.*

Simultaneously, excessive dietary fat promotes the accumulation
of lipid metabolites that activate inflammatory signaling pathways,
leading to sustained cytokine production and systemic inflammation.’

Importantly, Mycobacterium tuberculosis (Mtb), the causative
agent of tuberculosis, exploits host lipid metabolism by acquiring
host-derived fatty acids to synthesize triacylglycerols (TAGs), which
are stored as intracellular lipid inclusions and support long-term
bacterial persistence.® Beyond infection, microbial modulation of
lipid distribution—particularly by the gut microbiota—affects host
lipid synthesis, degradation, and redistribution, influencing systemic
lipid homeostasis and tissue-specific lipid composition.”

In tuberculous meningitis, Mtb infection induces marked
alterations in the host brain lipid landscape. Recent studies
demonstrate significant downregulation of glycerolipids, including
diacylglycerols and triacylglycerols, within brain lesions compared
with healthy tissue.® Notably, independent evidence indicates that
reductions in triglycerides and specific glycerolipids are associated
with decreased pain signaling, suggesting a mechanistic link between
lipid metabolism and nociception.’

At the cellular level, depletion of glycerolipids and triglycerides
within macrophages is closely associated with activation of the
alternatively activated M2 phenotype.'® While M2 macrophages are
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classically involved in inflammation resolution and tissue repair,
sustained or excessive M2 activation in chronic conditions—including
fibrosis, cancer, obesity, and chronic infection—contributes to
pathological persistence, immune tolerance, and disease progression.'!
Elevated M2 macrophage abundance and increased M2/M1 ratios are
further associated with impaired bacterial clearance, increased disease
severity, and poor prognosis.'> Concurrently, M2 macrophages
suppress pain receptor activation and promote pain resolution, linking
immune polarization directly to nociceptive regulation.'

Problem statement

Although excessive lipid intake and lipid accumulation are
well documented, the role of pathological lipid redistribution and
dysregulated lipid handling—particularly involving glycerolipids and
triglycerides—remains poorly understood as a unifying mechanism
underlying immune dysfunction, microbial persistence, and altered
pain signaling across chronic disease states.

Hypothesis
Pathological redistribution and dysregulated handling of
glycerolipids and triglycerides—rather than their absolute

abundance—act as a shared immunometabolic axis that promotes
M2 macrophage dominance, impairs microbial clearance, alters pain
signaling, and contributes to the persistence of both communicable
and non-communicable chronic diseases.

Based on this hypothesis

1. Chronic diseases will exhibit abnormal redistribution of
glycerolipids and triglycerides between circulation, tissues, and
immune cells.

II. Dysregulated lipid handling will favor M2 macrophage
polarization.

III. Increased M2 dominance will correlate with impaired pathogen
clearance and disease persistence.

IV. Alterations in glycerolipid and triglyceride levels will modulate
pain signaling pathways.

V. Therapeutic normalization of lipid distribution will restore
immune balance and improve disease outcomes.

This hypothesis can be tested using
I. Lipidomic profiling of plasma, tissues, and macrophages.

II. Correlation of intracellular lipid content with macrophage
phenotype.

III. Functional infection models assessing microbial persistence.
IV. Pain signaling and nociceptor activity assays.
Significance

This framework changes the perspective regarding chronic
disease  pathogenesis by emphasizing lipid redistribution,
rather than lipid excess alone, as a central regulator of immune
polarization, infection persistence, and pain modulation. It provides
a unifying immunometabolic model linking communicable and
non-communicable diseases with clear translational relevance for
diagnostics and therapeutic targeting.
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Conclusion

Accumulating evidence from metabolic, immunological,
infectious, and neurobiological research indicates that lipid metabolism
is not merely a passive consequence of chronic disease but an active
determinant of disease persistence and immune dysfunction. This
hypothesis proposes that pathological redistribution and dysregulated
handling of glycerolipids and triglycerides, rather than their absolute
abundance, constitute a shared immunometabolic axis linking chronic
communicable and non-communicable diseases.

By promoting sustained M2 macrophage dominance, abnormal
lipid compartmentalization may simultaneously impair effective
microbial clearance, facilitate pathogen persistence, and modulate
pain signaling pathways. This dual effect provides a plausible
mechanistic explanation for the coexistence of immune tolerance,
chronic inflammation, and altered nociception observed across diverse
disease states, including obesity-associated metabolic disorders and
tuberculosis.

Importantly, this framework shifts attention from dietary fat
quantity alone to lipid localization, cellular handling, and immune—
metabolic crosstalk as critical determinants of disease outcome.
If validated, this model has significant translational implications,
suggesting that therapeutic strategies aimed at restoring physiological
lipid distribution and macrophage metabolic balance may improve
host defense, reduce chronic inflammation, and alleviate pain without
broadly suppressing immune function.

Further experimental and clinical studies integrating lipidomics,
immunophenotyping, and functional outcome measures are required
to test this hypothesis and to determine whether lipid redistribution
represents a convergent therapeutic target across multiple categories
of chronic disease.
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