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Abstract. Low-grade inflammation (LGI) underlies numerous chronic diseases, including today’s major non-
communicable pandemics such as cardiovascular diseases, metabolic syndrome, type 2 diabetes, obesity, chronic
obstructive pulmonary disease, chronic inflammatory bowel diseases, non-alcoholic fatty liver disease, chronic kidney
disease, neurodegenerative disorders, and certain types of cancer. This review aimed to analyse recent findings from
scientific and medical publications concerning LGI, which remains a pressing issue. Considerable progress has been made
in understanding key aspects of this condition, including the concept of LGI, its aetiology and pathogenesis, its role in
the onset and progression of chronic non-communicable diseases, as well as in approaches to diagnosis, treatment, and
prevention. Research in this area primarily focused on the aetiology and pathogenesis of LGI, its association with chronic
non-communicable diseases — especially metabolic disorders — and strategies for its modulation. The scope of this research
covered the concept and prevalence of LGI; the significance of unhealthy dietary patterns, gut microbiota, social and
psychosocial factors, sex and age in the aetiology and pathogenesis of LGI; certain molecular mechanisms involved in
LGI; and its role in the development and progression of various chronic conditions and syndromes, including chronic
pain, depression, Alzheimer’s disease, post traumatic stress disorder, irritable bowel syndrome, osteoarthritis, polycystic
ovary syndrome, metabolic disorders and their complications — metabolic syndrome, obesity, diabetes, atherosclerosis,
stroke, and cancer. Further attention is given to selected immune and humoral mechanisms linking LGI with metabolic
diseases, as well as to the application of diet and physical activity in the treatment and prevention of LGI. Research into the
biological and clinical aspects of LGI offered insight into its underlying causes and mechanisms, as well as those of related
chronic diseases. Understanding these factors contributes to the development of innovative strategies for the prevention
and treatment of LGI and associated chronic conditions
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Introduction

From an evolutionary perspective, inflammation is a
non-specific protective and adaptive response of the body
to any local injury caused by infectious or non-infectious,
exogenous or endogenous factors. Its primary purpose is to
eliminate the harmful agent and the damaged tissue, pro-
moting the integrity of the affected organ. This response
represents the body’s first line of defence and is triggered
immediately following injury. Its effector systems include
connective tissue, the microcirculatory bed, and the blood
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system. Key effectors of inflammation involve non-specit-
ic immune cellular and humoral components within these
systems. At the same time, inflammation triggers activation
of the immune system as a whole, including the adaptive
(specific) immune response. This activation enhances the
local inflammatory response through immune system ef-
fectors and initiates systemic immune reactions and tar-
geted defence mechanisms. In this way, inflammation
serves as a means of both deploying innate immunity and
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activating adaptive immunity. However, this model applies
primarily to acute inflammation. In contrast, chronic in-
flammation becomes pathogenic in itself, forming the basis
of numerous chronic diseases. It contributes to fibrosis and
functional impairment of the affected organ, ultimately in-
creasing the risk of premature death.

Of particular relevance today is the phenomenon of
so-called low-grade inflammation (LGI), also referred to
as low-level, low-intensity, low-gradient, or low-differen-
tiation inflammation. It is widely considered to be a key
underlying factor in a range of chronic non-communicable
diseases. A previous review [1] summarised the existing
knowledge on the concept of LGI, its causes, its significance
in pathology as a foundation for chronic non-communica-
ble diseases, and its mechanisms. It also addressed the con-
sequences of LGI and outlined principles of its diagnosis,
treatment, and prevention. A general framework was pro-
posed to situate LGI within the broader pathological pro-
cess of inflammation, including an overview of its general
pathogenesis. Low-grade inflammation is a diffuse, chronic
inflammatory process that is morphologically and clinically
inconspicuous - often described as “microinflammation”. It
progresses slowly but steadily, contributing to the advance-
ment of the chronic disease with which it is associated. LGI
is linked to serious health complications, reduced quality
of life, and ultimately death. For this reason, it is often re-
ferred to as a “silent” or “hidden” killer. LGI is driven by
various lifestyle-related factors that disrupt physiological
balance, such as prolonged emotional or physical stress,
unhealthy dietary patterns, physical inactivity, weight gain,
obesity, and disturbances in circadian rhythms. It is charac-
terised by a sustained moderate increase in the production
of inflammatory mediators — such as reactive oxygen spe-
cies (ROS) and cytokines — as well as acute-phase proteins,
and tissue infiltration by macrophages. LGI can result in
chronic fatigue, reduced activity and concentration, weight
gain, decreased resistance to adverse factors, accelerated
ageing, and is a risk factor for mortality.

Asnoted by V.P. Chavda et al. [2], low-grade inflamma-
tion is implicated in a wide range of chronic non-commu-
nicable diseases, including cardiovascular diseases, type 2
diabetes (T2D), other metabolic disorders, cancer, auto-
immune conditions, gastrointestinal disturbances, respira-
tory diseases, neurodegenerative processes, reproductive
system dysfunctions, allergies, skin conditions, joint prob-
lems, headaches, food sensitivities, hormonal imbalances,
and sleep disorders. Even prior to the emergence of the
LGI concept, inflammation was believed to underlie more
than 70% of known human diseases. With the recognition
of the inflammatory basis of many chronic non-communi-
cable diseases, this figure has increased substantially, and
it is now often suggested that inflammation may be at the
root of virtually all diseases. M. Cifuentes et al. [3] particu-
larly emphasise the role of LGI in the development of to-
day’s non-infectious pandemics - such as obesity, cancer,
and cardiovascular diseases — which contribute to rising
global morbidity and mortality. LGI represents a shared

mechanism in the pathogenesis of these conditions. Ac-
cordingly, there is a pressing need to study its pathogenic
processes and to address the issue of LGI itself, in order to
develop effective strategies for its prevention and the pre-
vention of associated chronic diseases.

In the review by S. Surma et al. [4], it is summarised
that LGI plays a particularly significant role in the patho-
physiology of atherosclerotic cardiovascular disease, which
remains the leading cause of death worldwide. Elevated lev-
els of the inflammatory marker high-sensitivity C-reactive
protein (hs-CRP) are associated with a markedly increased
risk of all-cause mortality, as well as mortality from car-
diovascular diseases and cancer. Anti-inflammatory agents
such as canakinumab and colchicine have been shown to
significantly reduce the risk of cardiovascular events, rein-
forcing the central role of LGI in the pathogenesis of these
conditions. However, given that LGI represents a substan-
tial residual risk factor for atherosclerosis and numerous
other diseases and that the antiinflammatory effects of cur-
rently available treatments remain limited, further research
into therapeutic approaches is essential.

L.Ma.A. Balderas-Pena et al. [5] also report that LGI is
associated with the majority of human diseases - including
cancer, autoimmune disorders, metabolic syndrome, cardi-
ovascular diseases, and neurodegenerative conditions. The
authors analyse the link between LGI in obesity and the de-
velopment of T2D, and cardiovascular diseases (hyperten-
sion, ischaemic heart disease, stroke), as well as chronic kid-
ney disease, and cancer. They highlight the importance of
continued investigation into the relationship between LGI
and chronic disease. Thus, LGI may act not only as a cause but
also as a consequence and a key pathogenic mechanism of
chronicillness. Thisis particularly evidentin the case of excess
weight and obesity, which affect over 50% of the population.

According to the summary by M.T. Nogueira Silva
Lima et al. [6], the primary biomarkers of LGI include CRP,
cytokines such as interleukin (IL)-6 and tumour necrosis fac-
tor (TNF)-a, adhesion molecules like VCAM-1 and ICAM-
1, and the chemokine MCP-1. Elevated blood levels of CRP,
forinstance, havelong been used as an indicator of cardiovas-
cular disease risk, with thresholds for moderate or high risk
now well established at> 1.5 mg/L. However, a consensus has
yet to be reached regarding the most reliable biomarkers for
assessing the pathogenic and prognostic significance of LGI.

In summary, LGI is both a cause and a key pathogenic
mechanism in the development of a wide range of chron-
ic non-communicable diseases. Despite its clinical signifi-
cance, LGI often presents covertly, lacks clear morpholog-
ical features, and frequently goes undiagnosed, leading to
the development of complications. This underscores the in-
creasing need for deeper investigation into the mechanisms
underlying LGI, its role in the pathogenesis of systemic
diseases, the identification of key mediators and mark-
ers, and the refinement of approaches to early diagnosis,
prevention, and treatment. Accordingly, this study aimed
to review contemporary literature on the aetiology and
pathogenesis, diagnostic criteria, mechanisms of action,
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and clinical consequences of LGI, and to evaluate its signif-
icance as a universal underlying inflammatory process in a
wide array of chronic noncommunicable diseases.

This study was conducted in the format of a narra-
tive literature review. To compile the source base, a struc-
tured search for scientific publications was carried out in
open-access databases and academic online resources us-
ing the Google search engine with the query “Low-grade
inflammation”. Fifty consecutive articles on LGI published
between 2021 and early 2025 were selected for analysis.
Only peer-reviewed publications from academic journals
meeting scholarly standards were included. Research from
non-academic or non-specialist sources, as well as relevant
academic articles published prior to 2021, were excluded.
The selected sources were categorised according to the
main areas of LGI research: concept, aetiology, pathogen-
esis, diagnostics, treatment, and prevention. Additionally,
two further categories were created based on the analysis
of the literature, reflecting particularly relevant themes:
the role of age-related changes in the pathogenesis of LGI,
and the impact of LGI on the development of metabolic
disorders (including type 2 diabetes, obesity, and metabol-
ic syndrome). A brief analytical abstract was prepared for
each source, outlining the main points of the article and its
approach to interpreting LGI. These materials formed the
basis for the conclusions of the present review.

Concept and prevalence
of low-grade inflammation
It is important to note that ongoing research into LGI has
significantly expanded and deepened the understanding of
this phenomenon. According to S. Surma et al. [4], LGI is
characterised by the following features: 1) its trigger is a
damage-associated molecular pattern (DAMP), the expos-
ome, metabolic dysfunction, and tissue damage; 2) it is per-
sistent and unresolved in nature; 3) it involves inflamma-
tion of low intensity; 4) its course is influenced by collateral
tissue damage; 5) age is a key contributing factor; 6) it is a
“silent” form of inflammation - lacking the typical clinical
signs and biomarker levels observed in canonical inflam-
mation. At the same time, LGI, like classical inflammation,
is closely linked to oxidative stress: stimulation of Toll-like
receptors (TLRs) by DAMPs leads to increased production
of ROS and pro-inflammatory cytokines, including in-
terleukins 1B, 6, and 18, resulting in an inflammatory re-
sponse. LGI acts both as a cause and a pathogenetic mech-
anism within the “vicious cycle” of chronic disease, making
its control crucial both prior to and following the onset of
chronic conditions.

According to M. Cifuentes et al. 3], the general patterns
of LGI, also referred to as parainflammation, are as follows:

® LGI is a manifestation of tissue stress in response to
local or systemic damage that remains below the threshold
required to trigger classical inflammation or a pronounced
systemic inflammatory response (SIR);

® the principal triggers of LGI are metabolic in nature.
These include modified proteins (denatured, oxidised, or

glycated), elevated levels of saturated fatty acids, oxidised
low-density lipoproteins (LDL), homocysteine, and nu-
merous others. The development of LGI is also promoted
by the progressive accumulation of genomic, proteomic,
and metabolomic damage during ageing. Of particular
importance are scavenger receptors found on stromal mac-
rophages, endothelial cells, and other cells involved in me-
tabolism, immunity, and inflammation;

® LGI is marked by moderate features of SIR: blood
CRP concentrations typically range between 3 and 10 mg/L,
while levels of pro-inflammatory cytokines are elevated by
no more than two- to fourfold; significant tissue damage
and hypercoagulation are not characteristic; organ dys-
function develops slowly within the bounds of allostasis;

® when local clinical manifestations are present, it is
possible to differentiate between local and systemic LGI, as
seen, for example, in diabetic kidney disease;

@ LGI involves parenchymal and stromal cells of var-
ious organs, with relatively minor involvement of leuko-
cytes. Consequently, LGI lacks both a barrier function and
the visible features of classical inflammation;

® a key and integrative pathogenic feature of LGI is
systemic endotheliosis — pathological activation and dys-
function of endothelial cells, characterised by disruption of
the integrity of the endothelial glycocalyx;

® LGI is associated with interrelated changes in key
facultatively glycated tissues — namely adipose, hepatic,
and muscle tissues - leading to the development of insulin
resistance (IR) and further metabolic disturbances. Clini-
cally, LGI is therefore linked with obesity, metabolic syn-
drome (MetS), T2D, and sarcopenia. It is also associated
with atherosclerosis, hypertension, chronic heart failure,
neurodegeneration, osteoarthritis, and other conditions.

L.Ma.A. Balderas-Penia et al. [5] define LGI as pa-
ra-inflammation, or quasi-inflammation - a non-classical
type of inflammation marked by the long-term presence of
damage-associated factors, the absence of a distinct inflam-
matory focus, delocalisation of the process, compromised
mechanical barriers (linked to tissue ageing), damage-as-
sociated metabolic mediators, and endotheliosis. These fea-
tures are observed in obesity, MetS, T2D, and sarcopenia The
authors also argue that the combination of LGI with acute
inflammation may give rise to a “perfect” cytokine storm,
whereby chronic diseases associated with LGI exacerbate the
acute inflammatory response to a current injury, resulting
in hyperinflammation - as was seen in cases of COVID-19.

M.T. Nogueira Silva Lima et al. [6] suggest that LGI
may be formally defined as a pathological condition with-
out overt inflammation but characterised by sustained
and unresolved production of inflammatory mediators,
macrophage infiltration, adipocyte imbalance, or vascu-
lar injury. These effects are associated with metabolically
active tissues such as adipose tissue, skeletal muscle, and
the liver, highlighting LGI’s involvement in metabolic dis-
eases. In older individuals, the progression of LGI is also
linked to age-related immunosenescence and the accu-
mulation of cellular debris.
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Thus, LGI is understood as a non-classical form of in-
flammation - para-inflammation. Its key mechanisms, in-
cluding systemic endotheliosis, have been identified, and
its molecular and metabolic triggers explored in greater
depth. Future efforts should focus on further refining the
conceptual framework of LGI and clarifying the role of its
components in the aetiology and pathogenesis of related
chronic non-communicable diseases.

Actiology and pathogenesis
of low-grade inflammation
As previously noted, the causes of LGI include a range of
factors associated with disruptions to a healthy lifestyle, par-
ticularly poor dietary habits. M.T. Nogueira Silva Lima et
al. [6] demonstrated that excessive intake of advanced gly-
cation end products and macronutrients leads to increased
production of both local and systemic pro-inflammatory
biomarkers — thereby contributing to the development of
LGI - in both human and animal models. Further research
is needed to identify optimal biomarkers for the prediction
and diagnosis of LGI resulting from dietary imbalances.
M. Tristan Asensi et al. [7] found that the consumption of
ultra-processed foods (UPFs) plays a role in the onset of LGI
and, consequently, in the development of chronic non-com-
municable diseases. UPFs exert harmful effects not only due
to their nutritional profile but also through non-nutritional
components and their impact on gut health. The authors
conclude that public policy should aim to limit UPF con-
sumption and promote healthy eating in order to modulate
LGI and, in turn, improve population health outcomes.
R.N. Mello et al. [8] identified a strong association be-
tween the Dietary Inflammatory Index (DII) - which assess-
es the combined impact of dietary elements (whole foods,
nutrients, and food components) on inflammatory markers
such as cytokines and CRP - and obesity-associated LGI.
A pro-inflammatory diet was linked to elevated levels of
CRP, IL-1P, IL-6, and TNF-a. These findings suggest that
the DII may serve as a useful tool for establishing the rela-
tionship between dietary patterns and obesity-related LGI.
C. Vetrani et al. [9] presented new insights into the
role of gut microbiota in the aetiology and pathogenesis
of LGI. The microbiota plays a key role as a contributing
factor to LGI in obesity and its complications. Dysbiosis
results in increased intestinal permeability and diffusion
of bacterial lipopolysaccharide (LPS) and other antigens,
which activate pro-inflammatory pathways such as the
NLRP3 inflammasome and promote the transformation of
M1 to M2 macrophages - producers of TNF-a, IL-6, and
other mediators - leading to LGI. This, in turn, may cause
insulin resistance, impaired secretion of gut hormones,
and dysregulation of the gut-brain-adipose axis, thereby
contributing to obesity. Obesity further exacerbates dys-
biosis. Additionally, both dysbiosis and LGI may trigger
inflammation in adipose tissue, which strongly promotes
the development of obesity. In turn, obesity may intensify
LGI and jointly influence the composition of the gut mi-
crobiome. Thus, LGI functions as a trigger of obesity and

participates in multiple “vicious cycles”. It is therefore nec-
essary to identify effective strategies for modulating mi-
crobiota composition and reducing dysbiosis to mitigate
LGI in obesity and its associated complications.

Concerning hereditary and congenital factors, the
findings of F. Parisi et al. [10] are of particular interest.
These indicate that excessive maternal weight and obesity
are associated with increased birth weight, childhood obe-
sity, and a heightened risk of chronic non-communicable
diseases in offspring, resulting in a “vicious perpetuation”
of metabolic disorders. In cases of maternal obesity, LGI
may potentially extend to the placenta, leading to intrau-
terine disturbances. It may also affect the oocyte during
the early stages of embryonic and placental development.
Animal models of LGI have demonstrated an increased in-
cidence of metabolic dysfunction and obesity in offspring.
This metabolic imprinting may be mediated by cytokines
transferred from the maternal to the foetal circulation,
which are capable of modulating nutrient transfer across
the placenta. Further research is needed to examine the im-
pact of LGI on the maternal reproductive system and preg-
nancy outcomes, as well as to inform the development of
appropriate preventive measures.

Regarding the role of biological sex in the aetiology
and pathogenesis of LGI, Y.A. Mebratu et al. [11] found
that a deficiency in Bik (Bcl-2-interacting killer - a pro-
tein that facilitates the proteasomal degradation of nuclear
proteins) induces LGI and the development of spontaneous
pulmonary emphysema in female, but not male, mice. This
is attributed to lower levels of Bcl-2 and Bik in the lung tis-
sue and airway cells of females compared with males. Con-
sequently, targeting Bik and Bcl-2 to modulate LGI may
be crucial in the treatment of age-related chronic diseases.
These findings also highlight the significance of biological
sex in the aetiology and pathogenesis of LGI and related
chronic conditions. Clinically, they are relevant in light of
the increased susceptibility of women to chronic obstruc-
tive pulmonary disease (COPD).

The influence of social and psychosocial factors on LGI
warrants close examination. In a study by E. Chen et al. [12],
involving African American adolescents, the relationship
between experiences of discrimination and inflammation -
considered a key biological pathway in mental and physical
illnesses — was explored, with a focus on sex differences. Male
adolescents who reported higher levels of discrimination ex-
hibited a more pro-inflammatory phenotype, characterised
by stronger cytokine responses to stimuli, reduced sensitiv-
ity to anti-inflammatory agents, higher monocyte counts,
and increased LGI. These associations were not observed in
female adolescents. This suggests that male adolescents of
colour may be particularly vulnerable to LGI driven by psy-
chosocial stress and its potential impact on mental health.
In a separate study, H.C. Kaltenegger et al. [13] investigated
the relationship between psychosocial working conditions
and LGI among professionals caring for geriatric patients. A
direct correlation was found between work autonomy and
CRP levels, indicating a link between workplace stress, LGI,
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and the subsequent development of chronic diseases. Pro-
spective studies are needed to further elucidate the connec-
tions between psychosocial work environments, LGI, and
long-term health outcomes among healthcare professionals.

In terms of the pathogenesis of LGI, R. La Grotta et
al. [14] demonstrated that sodium-glucose cotransport-
er 2 inhibitors (SGLT-2i) reduce cardiovascular and renal
complications in patients with T2D. Given that LGI is a key
driver of vascular complications, the effect of SGLT-2i on
LGI in T2D was investigated. Patients treated with SGLT-2i
exhibited lower circulating levels of IL-6, as well as reduced
levels of uric acid and insulin. Further in vitro studies using
two LGI models — LPS-treated monocytes and endothelial
cells exposed to hyperglycaemia — confirmed the pro-in-
flammatory role of uric acid and insulin. These findings
suggest that SGLT-2i exert significant anti-inflammatory
effects against LGI, likely mediated through their capacity
to lower uric acid and insulin concentrations.

In summary, new and important insights have been
gained into the role of detrimental dietary patterns (includ-
ing excessive intake of advanced glycation end-products,
macronutrients, ultraprocessed foods, and pro-inflam-
matory diets in general), gut microbiota, social and psy-
chosocial factors, and biological sex in the aetiology and
pathogenesis of LGI and related chronic non-communica-
ble diseases. Mechanisms involving Bik, Bcl-2, and SGLT-2
have also been identified. Further research is required to
deepen understanding of the aetiology and pathogenesis of
LGI and its associated conditions and to develop novel ae-
tiotropic and pathogenetic therapeutic strategies.

The role of age in the aetiology

and pathogenesis of low-grade inflammation
Age is one of the endogenous aetiological factors contrib-
uting to disease. As noted above, it is a critical determinant
in the development of LGI. With increasing age, the like-
lihood of LGI and chronic diseases rises. Conversely, LGI
plays a significant role in the ageing process and age-related
conditions. It is also implicated in premature ageing. The
concept of LGI as a key factor in ageing and age-associated
diseases has been termed “inflammaging”. However, LGI
and chronic conditions may also arise during childhood.
H.H. Hauta-alus et al. [15] demonstrated that in children,
LGI - as assessed by hs-CRP - can persist from birth up to
the age of 6-8 years. This suggests a sustained pro-inflam-
matory phenotype during early life and indicates that the
risk of LGI-related chronic diseases may originate in the
intrauterine period or early childhood. According to E. Po-
lak-Szczybyto [16], children with obesity are at particularly
high risk of developing LGI, which may have a profound
impact on their long-term health. LGI can increase the like-
lihood of several diseases emerging at an early age. A raised
body mass index (BMI) in childhood is a known predictor
of MetS in adulthood. In children with obesity, assessing
the extent of LGI may assist in predicting conditions such
as cardiovascular disease and T2D. Such assessment would
also support the development of anti-inflammatory dietary

interventions aimed at reducing obesity and its adverse
health consequences in both childhood and later life.

B. Fang et al. [17] identified factors influencing adipo-
genesis, lipogenesis and the inflammatory microenviron-
ment of adipose tissue during ageing. Cellular senescence
and the depletion of adiposederived stem cells (ASCs) hin-
der the renewal of adipocytes, leading to their hypertrophy
and the development of LGI. Moreover, different ASC sub-
types may either promote or inhibit adipogenesis. Future
studies should investigate how changes in ASC subtypes and
immune cell populations affect the ageing of adipose tissue,
which may offer promising avenues foranti-ageing therapies.

In research related to the COVID-19 pandemic,
G. Muscogiuri et al. [18] proposed that LGI associated with
obesity may represent a critical vulnerability — an “Achil-
les” heel” - contributing to more severe outcomes of COV-
ID-19 in individuals with obesity. The authors summarised
evidence on the role of LGI in the clinical manifestations of
COVID-19 among obese patients in both childhood and
adulthood, along with the molecular mechanisms underly-
ing this association. Most children appear to be protected
against the acute hyperinflammatory response to SARS-
CoV-2. Among the comorbidities that impair an effective
immune response and increase susceptibility to and severi-
ty of COVID-19, obesity stands out as a major factor. Iden-
tifying LGI associated with obesity is important in guiding
decisions regarding hospitalisation, early respiratory sup-
port, and the use of immunosuppressive therapy to miti-
gate the severity of COVID-19.

A. Sudrez-Reyes & C.A. Villegas-Valverde [19] char-
acterised the immunopathogenic changes observed in
COVID-19 among elderly patients or those with chronic
non-communicable diseases. These changes include the
development of LGI accompanied by endothelial dysfunc-
tion and activation of the immune system - primarily the
innate branch - with increased production of proinflam-
matory mediators. These mediators trigger an unregulated
immune response, creating pathogenic conditions and im-
peding viral clearance. LGI functions as both an aetiologi-
cal and pathogenetic factor in diseases such as obesity, T2D,
hypertension, COPD, and cancer - all of which are risk fac-
tors for severe forms of COVID-19. The risk is significantly
elevated in individuals over the age of 60 with these condi-
tions. Further research is needed to elucidate the connec-
tions between LGI, chronic diseases, and alterations in the
immune response to COVID-19. A deeper understanding
of the role of LGI in COVID-19 pathogenesis may aid in
developing strategies to prevent and mitigate complications
during treatment. According to A. Salminen [20], LGI con-
tributes to compensatory immunosuppression associated
with ageing and age-related diseases, increasing the num-
ber of immunosuppressive cells in the body. While age-re-
lated immunosuppression may protect against inflamma-
tory damage, it also promotes tissue degeneration linked to
ageing and associated diseases. Clarifying the mechanisms
by which age-related immunosuppression adversely aftects
tissue homeostasis remains a key research priority.

20
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As age-related inflammation refers to LGI that develops
with advancing age in the context of chronic non-commu-
nicable diseases, and microRNAs (miRNAs) have been pro-
posed as potential biomarkers of these conditions in older
adults, G.B. Carvalho et al. [21] characterised the expression
of circulating miRNAs and their associations with inflam-
matory biomarkers in this population. The expression of cir-
culating miRNAs was found to be negatively correlated with
leptin concentrations. Negative associations were observed
between miRNAs, leptin, and/or LGI, suggesting a potential
role for miRNAs as biomarkers of cardiometabolic risk.

Y. Bao et al. [22] provided new insights into the effects
of LGI on brain structure, which are relevant to the under-
standing of accelerated ageing and the association between
LGI and neuropsychiatric disorders. Using an aggregated
LGI index - the inflammation score (INFLA score), which
includes CRP, leukocyte count, platelet count, and the gran-
ulocyte-to-lymphocyte ratio — together with neuroimaging
techniques, the study demonstrated that LGI is associat-
ed with reduced volumes in both subcortical and cortical
brain regions. Notable reductions were observed in areas
such as the globus pallidus, thalamus, insula, superior tem-
poral gyrus, and lateral orbitofrontal cortex. The most pro-
nounced effects were seen among urban residents, males,
and individuals with physical impairments. It has been
concluded that LGI may contribute to subclinical cognitive
decline or neuropsychiatric disorders through structural
neural pathways. These findings support the advancement
of clinical diagnostics and treatments for neuropsychiatric
conditions and suggest that anti-inflammatory dietary in-
terventions could serve as an early preventive strategy in
cases of subclinical brain involvement.

Thus, one of the major contemporary areas of research
into the aetiology and pathogenesis of LGI is the investi-
gation of age-related factors. New data have been obtained
regarding the proinflammatory phenotype in early child-
hood, the consequences of LGI in children with obesity,
age-related changes in adipose tissue and their role in in-
flammation, LGI in individuals of various ages with obesity
and COVID-19, immunopathogenic alterations in elderly
patients or those with age-related diseases during COV-
ID-19, compensatory immunosuppression associated with
ageing and age-related conditions, the role of miRNAs in
the pathogenesis of LGI in older adults, and the impact of
LGI on brain structure, accelerated ageing, and neuropsy-
chiatric disorders. These findings, along with further stud-
ies into the age-related aspects of LGI, are of significant im-
portance for the development of therapies targeting LGI, its
associated conditions, and ageing itself.

Association of low-grade inflammation

with chronic non-infectious diseases
Systematic research continues to shed light on the role of
LGI in the aetiology and pathogenesis of chronic non-com-
municable diseases, as well as their complications and out-
comes. W.B.S. Zhou et al. [23] have suggested that LGI
may act as a predisposing and/or triggering factor in the

development of chronic pain (CP), one of the main clinical
manifestations of peripheral neuropathy arising from inju-
ry or disease. Individuals with LGI often exhibit a higher
prevalence of chronic pain and psychological disorders.
Several hypotheses have been proposed to explain these
associations. Further studies are required to clarify the re-
lationship between LGI and CP.

Given that obesity is associated with an increased risk
of depression, and that LGI - commonly present in individ-
uals with obesity - is also linked to depression, K. Chu et
al. [24] investigated whether LGI mediates the relationship
between overweight and obesity and the development of
general, cognitive-affective, and somatic depressive symp-
toms. The findings indicate that excess body weight is asso-
ciated with elevated somatic depressive symptoms, but not
with cognitiveaffective or general depressive symptoms. A
similar pattern was observed with blood CRP levels. These
results suggest that LGI may mediate the relationship be-
tween overweight and somatic depressive symptoms.

W. Zhai et al. [25] examined the role of LGI in the mech-
anisms by which adipose tissue contributes to the onset and
progression of Alzheimer’s disease (AD) in the context of
obesity. AD is a leading cause of cognitive decline. Excess
body weight and obesity are closely associated with comor-
bidities such as hypertension, T2D, and IR, which signifi-
cantly contribute to the development of AD and the associat-
ed morbidity and mortality. Obesity induces LGI in adipose
tissue, which in turn promotes AD. LGI leads to neurode-
generation, apoptosis, and disruption of brain homeosta-
sis. Adipokines and resident immune cells within adipose
tissue mediate both the initiation and progression of AD.

The impact of peripheral LGI was explored in a mouse
model of AD with amyloid precursor protein (APP)
overexpression — AppNL-G-F - by J. Xie et al. [26]. They
demonstrated that peripheral LGI affects microglial char-
acteristics, the integrity of the blood-spinal cord barrier,
infiltration of peripheral immune cells, and deposition
of B-amyloid (Ap) in the brain. Mechanisms identified
include impaired AP clearance, persistent microglial ac-
tivation, neural dysfunction, AP efflux disturbances, and
promotion of AP aggregation. These findings indicate that
even peripheral LGI - not solely central neuroinflamma-
tion - contributes to AD progression, supporting the mod-
ulation of peripheral LGI as a potential therapeutic strategy
in the management of AD.

K. Patas et al. [27] investigated the causal relation-
ship between systemic LGI and central nervous system
(CNS) inflammatory processes in patients with post-trau-
matic stress disorder (PTSD). Pro-inflammatory activity
may play an ambiguous role in the pathogenesis of PTSD.
In fact, timely and targeted enhancement — rather than
suppression - of inflammatory responses may be benefi-
cial in individuals with LGI, particularly those exhibiting
suppressed microglial function. The authors concluded
that the detrimental impact of stress-related systemic LGI
should be considered alongside its often-overlooked adap-
tive effects at the tissue level.
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In their study, Y. Yuan et al. [28] demonstrated that in-
flammatory, immune, and hypothalamicpituitary-adrenal
(HPA) axis processes interact in irritable bowel syndrome
(IBS). A triad comprising altered immune cell activation in
the gut environment, changes in the intestinal microbiota,
and disrupted neuroimmune interactions contributes to
the development of LGI. IBS is a multifactorial condition
involving immunological, microbiotic, and brain-gut axis
signalling alterations. To advance understanding of the dis-
order, the authors propose conceptualising IBS as a micro-
bial disease of the immune-brain-gut axis.

M.A. Terkawi et al. [29] provided evidence that LGI
plays a central role in the development of osteoarthri-
tis (OA), sustaining synovial inflammation triggered by
DAMPs arising from extracellular matrix injury or necrot-
ic cells, and promoting catabolic responses in chondro-
cytes that lead to cartilage degeneration. Attenuation of
joint inflammation and subsequent OA progression may
be achieved by modulating interactions between synovial
macrophages and chondrocytes, aiming to limit DAMP
activity. Additionally, the use of probiotics, prebiotics, di-
etary antioxidant supplements, and physical activity has
been shown to reduce LGI. Further research is needed to
improve understanding of the pathological roles of DAMPs
and LGI in OA, which may offer new opportunities for
identifying therapeutic targets.

According to M. Orisaka et al. [30], LGI may induce ox-
idative stress and fibrosis in ovarian tissue. Elevated levels of
pro-inflammatory cytokines in follicular fluid are frequently
observed in polycystic ovary syndrome (PCOS), endometri-
osis, and ageing. In women with PCOS and obesity, LGI is
driven by hyperandrogenism and IR, which in turn exacer-
bate oxidative stress and impair follicular development. In
ovarian endometrioma, LGI is triggered by iron overload,
resulting in oxidative stress, ferroptosis, and ovarian fibrosis.
Duringageing, LGIisinitiated by inflammatoryageing factors
secreted by senescent cells, which promote oxidative stress in
the ovary. Therefore, controlling LGI may represent a novel
therapeutic strategy for preventing pro-inflammatory mi-
croenvironments, dysfunction, and fibrosis in ovarian tissue.

R. Dey et al. [31] demonstrated that the progression of
PCOS is associated with increased leukocyte counts and el-
evated CRP levels in peripheral blood. The CRP-to-albumin
ratio may serve as a reliable biomarker for PCOS. An early
indicator of the condition could be a rise in neutrophil and
lymphocyte counts. Another inflammatory marker useful
in diagnosing PCOS is the neutrophilto-lymphocyte ratio
(NLR), while the platelet-to-lymphocyte ratio (PLR) can
help assess disease prognosis. The TNF-a levels show a posi-
tive correlation with IR. The IL-6 may also be elevated in IR,
posinga cardiovascular risk factor for women. Elevated levels
of interleukins 17, 1, and 8 have been found to correlate with
the severity of PCOS. It is hypothesised that the hyperan-
drogenic state characteristic of PCOS may activate resident
macrophages, resulting in LGI and a pro-inflammatory mi-
croenvironment. The use of these inflammatory biomarkers
is crucial for the early detection and management of PCOS.

In summary, numerous recent studies have produced
new insights into the role of LGI in the aetiology and
pathogenesis of chronic non-communicable disorders,
particularly conditions such as CP, depression, AD, PTSD,
IBS, OA, and PCOS. In addition to well-established LGI-
associated conditions such as CP, depression, AD, and OA,
newly recognised associations now include PTSD, IBS, and
PCOS. These findings, along with continued research in
this area, are of critical importance for the development of
novel strategies for the prevention and treatment of a wide
range of chronic conditions.

The role of low-grade inflammation

in the aetiology and pathogenesis

of metabolic diseases

LGI plays a significant role in the development of metabol-
ic conditions such as dyslipidaemia, atherogenesis, obesity,
T2D, and systemic arterial hypertension. For this reason, it
is often referred to as “metaflammation” [1]. LGI is particu-
larly characterised by metabolic stress associated with ele-
vated levels of circulating inflammatory mediators, and by
a sustained moderate imbalance in adipocyte function or
endothelial activity - effects linked to metabolically active
tissues such as adipose tissue, the liver, and skeletal muscle.
This highlights the involvement of LGI in the aetiology and
pathogenesis of metabolic diseases. LGI not only contrib-
utes to the onset of obesity, T2D, and atherosclerosis, but
the participation of metabolic tissues also defines and in-
tensifies the progression of LGI [6].

A comprehensive review by D. Rodriguez-Vera et
al. [32] focuses on the association between LGI and MetS.
LGI is identified as a central mechanism underlying the ae-
tiology and clinical manifestations of MetS, contributing to
its adverse outcomes. Changes in gut microbiota are ob-
served both in the presence of MetS and in cases of LGI
independently of MetS. Furthermore, microbiota compo-
sition is influenced by diet. Dietary patterns modulate LGI
and the microbiome and play a crucial role in the treatment
of MetS. The review demonstrates a link between metabolic
disturbances in MetS, LGI parameters, the state of the gut
microbiota, and dietary interventions applied to treat MetS
and regulate inflammation and microbiota composition.

E Varra et al. [33] summarised evidence concerning
the association between LGI and the consequences of obe-
sity. Obesity contributes to the development of MetS, IR,
T2D, hypertension, atherosclerosis, dyslipidaemia, cardio-
vascular disease, respiratory disorders, and various types of
cancer. The molecular and pathophysiological mechanisms
linking obesity with its outcomes are primarily driven by
LGI and oxidative stress. Obesity induces a pro-inflamma-
tory state within adipocytes, characterised by the release of
pro-inflammatory adipokines — such as plasminogen acti-
vator inhibitor-1, visfatin, resistin, and leptin - and infiltra-
tion of adipose tissue by M1 macrophages, which produce
inflammatory cytokines including IL-1p, IL-6, and TNF-a.
Obesityrelated factors such as high-calorie diets, seden-
tary behaviour, the adipose tissue microenvironment, and
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dysregulation of the gut microbiota further exacerbate LGI.
Clinical studies have demonstrated the efficacy of molecu-
lar therapies targeting obesity-associated LGI, particularly
in enhancing insulin sensitivity and improving metabolic
function. The authors conclude that there is a need to iden-
tify novel, effective, and safe molecularly targeted agents.

The renin-angiotensin system (RAS) may represent
a key pathogenic link between obesity and IR. M. Cop-
po et al. [34] investigated RAS activity in circulating T
cells from individuals with obesity, both with and with-
out IR and LGI, in the presence or absence of angiotensin
IT stimulation. Their findings revealed that LGI amplifies
the T-cell RAS response to angiotensin II stimulation.
Moreover, RAS gene expression in T cells and serum lev-
els of inflammatory cytokines were inversely related to
insulin concentration, suggesting a protective role of in-
sulin against the development of LGI. S. Sharif et al. [35]
demonstrated that LGI, measured via hs-CRP, is an inde-
pendent risk factor for both vascular mortality and all-
cause mortality among high-risk patients with T2D. No
association was found between log(hs-CRP) and either
myocardial infarction or stroke. LGI may therefore repre-
sent a therapeutic target for reducing residual cardiovas-
cular risk in patients with T2D.

The LGI indicator known as the INFLA score has
been shown to closely correlate with the severity of acute
ischaemic stroke, as assessed by the National Institutes of
Health Stroke Scale (NIHSS), throughout the course of
the illness. Furthermore, LGI has been identified as a po-
tential predictor of poor outcomes at 90 days in patients
with acute ischaemic stroke [36]. The association between
LGI and stroke recurrence in individuals with ischaemic
stroke has also been analysed. Patients who experienced a
recurrent stroke had higher LGI scores, as measured by the
INFLA score than those without recurrence. Therefore,
an elevated LGI score was associated with an increased
risk of stroke recurrence, independent of other vascular
risk factors [37]. LGI has also been linked to higher risk
and earlier onset of cardiometabolic multimorbidity - the
co-occurrence of two or more cardiometabolic condi-
tions, such as coronary heart disease, T2D, hypertension,
and stroke - in middle-aged and older adults. Monitor-
ing and screening for the INFLA score in adults without
cardiometabolic diseases may improve early prevention of
cardiometabolic multimorbidity [38].

In a prospective study, Y. Peng et al. [39] assessed the
association between the Finnish Diabetes Risk Score (FIN-
DRISC) and the risks of cancer incidence and mortality, as
well as the mediating role of LGI in this relationship. It was
found that dose-dependent increases in FINDRISC were
associated with higher overall cancer incidence and mor-
tality, including for most site-specific cancers. This associa-
tion was primarily mediated by LGI. Therefore, individuals
at increased risk of developing T2D should also be targeted
for cancer prevention strategies.

A. Fedulovs et al. [40] investigated the relationship
between endotoxaemia, MetS, and LGI in type 1 diabetes

(T1D). Higher levels of endotoxaemia were observed in
patients with both T1D and MetS, along with statistically
significant associations between markers of endotoxaemia,
hsCRP, and MetS. These findings are clinically relevant,
highlighting the potential value of screening for and man-
aging MetS with consideration of endotoxaemia severity.
Further research into the inflammatory response mecha-
nisms in T1D is also warranted, as it may lead to new ap-
proaches for treating LGI and MetS to slow the progression
and complications of T1D.

Immune mechanisms play a significant role in
the pathogenesis of metaflammation. According to
M. van de Vyver [41], these mechanisms involve abnor-
mal metabolic activation of innate immune cells - such as
neutrophils, macrophages, dendritic cells, and mast cells -
which, in turn, contribute substantially to disease progres-
sion. A prominent example of this is the obesity-diabetes
link. As a result, the treatment of patients with T2D should
focus not only on weight reduction and glycaemic control
but also on anti-inflammatory therapy. Early introduction
of such therapy is recommended - during the obesity stage
preceding the onset of T2D.

Monocyte polarisation in the context of LGI facil-
itates the pathogenesis of atherosclerosis. S. Geng et
al. [42] demonstrated that the adaptor molecule TRAM
(TRIF-related adaptor molecule), associated with the
TIR-domain-containing adaptor inducing interferon-f
(TRIF), mediates monocyte polarisation both in vivo and
in vitro. Mice deficient in TRAM were resistant to high-fat
diet-induced atherosclerosis. Intravenous administration
of TRAM-deficient monocytes to mice with atherosclero-
sis significantly reduced disease progression. These find-
ings suggest that targeting TRAM may support the effi-
cient generation of therapeutic monocytes suitable for the
treatment of atherosclerosis.

A. Lautenbach et al. [43] found that bariatric surgery
(including gastric bypass and other weight-loss proce-
dures) can reduce markers of obesity-related LGI - such
as levels of CRP, hs-CRP, ferritin and leukocytes - for up
to four years post-surgery. Improvements in metaflam-
mation were associated with reductions in BMI and long-
term remission of T2D.

Thus, an important area of research into the role of LGI
in the aetiology and pathogenesis of chronic non-commu-
nicable diseases is its function as metaflammation in the
development of metabolic disorders. Numerous recent
studies have produced new findings on LGI as both a cause
and mechanism underpinning metabolic diseases, their
complications and outcomes - such as MetS, obesity, dia-
betes, atherosclerosis, stroke and cancer. The importance of
immune mechanisms in the pathogenesis of LGI has been
demonstrated, including the immune-mediated effects of
LGI, its role in the activation of the RAS, and the associa-
tion between LGI and endotoxaemia in metabolic condi-
tions. These findings support the rationale and importance
of incorporating anti-inflammatory therapy into the com-
prehensive treatment of metabolic disorders.
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Diagnosis, treatment and prevention

of low-grade inflammation

As LGI is associated with nutritional status, S. Surma et
al. [4] argued that the prognostic inflammatory and nutri-
tional index (PINI), which assesses levels of CRP, al-acid
glycoprotein, albumin and transthyretin, serves as a val-
uable diagnostic tool. PINI is designed to evaluate nutri-
tional status and LGI in patients with inflammatory con-
ditions, with or without impaired enteral nutrition. The
authors concluded that dietary interventions based on
natural food sources are crucial for reducing LGI, thereby
improving overall health, lowering the risk of chronic dis-
eases, delaying and/or preventing cardiovascular disease,
and improving clinical outcomes.

Dietary strategies are essential for regulating LGI and,
consequently, for enhancing quality of life and preventing a
broad range of chronic conditions [44]. L. Barrea et al. [45]
demonstrated that ketogenic diets (KDs) may serve as a die-
taryinterventioncapableofreducingLGIand oxidative stress
in individuals with obesity. KDs exert anti-inflammatory
effects through several mechanisms, including the suppres-
sion of nuclear NF-«B activation, inhibition of the NLRP3
inflammasome, and the blocking of histone deacetylases.
Further research is required to explore the potential of KDs
in the treatment of obesity and its associated complications.

The potential to mitigate LGI through phytonutri-
ents — particularly plant-derived flavonoids - is well doc-
umented [1]. V.A.S. Ayyadurai et al. [46] investigated the
effectiveness of a fruit, berry and vegetable (FBV) juice
blend containing bioactive compounds such as luteolin, ep-
icatechin, epigallocatechin gallate, lycopene, quercetin, and
vitamins A, C, and E. Consumption of FBV significantly
reduced the production of TNF-a, IL-1B, the chemokine
CCL2, and ROS. Thus, FBV provides a combination of bi-
oactive substances that act synergistically to reduce LGI in
the context of chronic disease.

Y. Zhang et al. [47] reported that whole grains hold
considerable promise as dietary resources for preventing
LGI in individuals with existing health conditions. Their
active ingredients — including B-glucan, resistant starch,
arabinoxylan, phenolic acids, flavonoids, phytosterols and
lignans — combat LGI through a range of intracellular sig-
nalling pathways and immunomodulatory mechanisms.
Further research is needed to assess the potential applica-
tion of whole grains for LGI modulation.

Recent transcriptomic studies have led to the devel-
opment of multicomponent medicinal products for treat-
ing LGI of various origins. These include plant- and or-
gan-based extracts targeting the skin and musculoskeletal
system (Traumeel: Tr14), liver (Lycopodium compositum:
HC-24), and joints (Zeel-T: Ze-14). Molecular pharma-
cognosy may offer an effective approach for identifying
and validating plant-derived agents capable of adequately
controlling LGI [48].

R. Divella et al. [49] emphasised that the Mediterrane-
an diet and physical activity activate biological mechanisms
capable of counteracting LGI, which is present in cancer

patients. This suggests that maintaining a healthy lifestyle
during cancer treatment may alleviate the adverse effects
of both the disease and its treatment, thereby improving
patients” quality of life. As a result, cancer treatment pro-
grammes should always incorporate additional interven-
tions such as dietary modifications and physical exercise.

N.C. Bishop et al. [50] demonstrated that reducing
sedentary behaviour and increasing physical activity helps
to lower LGI in individuals with obesity, thereby decreas-
ing the risk of cardiometabolic diseases. This effect was
observed independently of any changes in body weight.
Moreover, even an increase in light physical activity was
sufficient to reduce LGI. This provides a more accessible
strategy for overweight and obese individuals to manage
LGI and improve their cardiometabolic health.

In a study examining LGI prevention in children
through enhanced physical activity, A.O. Agbaje [51]
found that increased total sedentary time was associated
with heightened inflammation, as indicated by hs-CRP
levels. However, greater engagement in light physical ac-
tivity produced a twofold reduction in inflammation, and
this effect was more resilient to the influence of body fat
than that of moderate or vigorous physical activity. There-
fore, efforts to prevent and manage LGI should focus on
promoting light physical activity.

A substantial body of research on LGI has been devot-
ed to its management. Notably, both the treatment and pre-
vention of LGI can be achieved through natural interven-
tions such as dietary modification and increased physical
activity. This aligns with the understanding that LGI often
results from disruptions to a healthy lifestyle, particularly
poor dietary habits and physical inactivity. It also supports
the notion that the prevention and mitigation of chronic
non-communicable diseases may be possible by addressing
these contributing factors.

A review of the literature reveals significant progress
in LGI research in recent years. The LGI is now regarded
as an atypical form of inflammation - para-inflammation.
There has been a deeper investigation into its initiating
mechanisms, particularly molecular and metabolic factors,
and key processes such as systemic endothelial dysfunction
have been identified. New insights have been gained into
the aetiology and pathogenesis of LGI and its associated
chronic non-communicable diseases, including the role of
unhealthy diets, gut microbiota, social and psychosocial
influences, and biological sex. Mechanisms implicated in
LGI, such as Bik, Bcl-2, and SGLT-2, have also been ex-
plored. Among the aetiological factors, age has received
the greatest research attention. New findings have been ob-
tained regarding the pro-inflammatory phenotype in early
childhood, the consequences of LGI in children with obe-
sity, age-related changes in adipose tissue and their role in
the onset of inflammation, LGI in patients of various ages
with obesity and COVID-19, immunopathogenic chang-
es in COVID-19 among older individuals or those with
age-related diseases, compensatory immunosuppression
associated with ageing and age-related conditions, the role
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of miRNAs in the pathogenesis of LGI in the elderly, and
the impact of LGI on brain structure, accelerated ageing,
and neuropsychiatric disorders. The largest area of LGI re-
search concerns its role in the aetiology and pathogenesis
of chronic non-communicable diseases. The conditions and
syndromes studied include CP, depression, AD, PTSD, IBS,
OA, and PCOS. Thus, to the previously recognised condi-
tions associated with LGI - such as CP, depression, AD,
and OA, newly recognised associations now include PTSD,
IBS, and PCOS. A significant proportion of research in this
area focuses on metaflammation, i.e. the role of LGI in the
aetiology and pathogenesis of metabolic diseases, their
complications and consequences, including MetS, obesity,
T2D, atherosclerosis, stroke, and cancer. The importance
of immune mechanisms in the pathogenesis of LGI has
been highlighted, along with the immunological pathways
through which LGI acts, the role of LGI in activating the
RAS, and its link with endotoxaemia in metabolic diseas-
es. A substantial part of LGI research is also devoted to its
treatment and prevention, particularly through the use of
natural factors such as diet and increased physical activity.

Current research on LGI primarily focuses on its aeti-
ology and pathogenesis — particularly age-related aspects —
its association with chronic non-communicable diseases
(especially metabolic disorders), and its potential for thera-
peutic correction. An analysis of 50 articles on LGI revealed
that 17 addressed its aetiology and pathogenesis, including
eight focused specifically on the role of age; 21 explored its
links to chronic non-communicable diseases, of which 12
examined metabolic conditions; and 9 dealt with diagnosis,
treatment, and prevention — mainly correction (8). The re-
maining three papers focused on the prevalence of LGI and
the conceptual understanding of this type of inflammation.

Overall, the problem of LGI undeniably remains high-
ly relevant. A growing body of evidence suggests that it
plays a significant role in the aetiology and pathogenesis of
chronic diseases, acting as a cause and/or key pathogenetic
mechanism. The range of conditions associated with LGI
continues to expand. Based on recent findings, there is in-
creasing interest in assessing the effectiveness and potential
of anti-inflammatory therapies as part of comprehensive
treatment strategies for various chronic non-communica-
ble diseases. Further research into the biological and clin-
ical aspects of LGI is required to deepen understanding of
its underlying causes and mechanisms, as well as its con-
nections to chronic illness, and to support the development
of innovative strategies for prevention and treatment.

Conclusions

A review of the literature confirms that LGI remains a
pressing issue. LGI is recognised as a cause and/or a key
pathogenetic mechanism underlying many chronic dis-
eases. Between 2021 and early 2025, significant new find-
ings have emerged concerning various aspects of LGI, in-
cluding its definition, aetiology and pathogenesis, its role
in the development of chronic non-communicable dis-
eases, as well as its diagnosis, treatment, and prevention.

Particular attention has been given to the influence of
age in LGI pathogenesis, its association with metabolic
disorders, and strategies for its correction. Of the 50 re-
viewed publications on LGI, 17 addressed its aetiology and
pathogenesis — 8 of which focused on age-related factors;
21 examined its links to chronic non-communicable dis-
eases, including 12 that specifically dealt with metabolic
conditions; and 8 were devoted to its correction. LGI re-
search has explored a wide range of relevant topics, such
as its definition and prevalence; the role of harmful dietary
patterns, gut microbiota, psychosocial and social determi-
nants, biological sex, and age in its development; mecha-
nisms including Bik, Bcl-2, and SGLT-2; and the involve-
ment of LGI in the aetiology and pathogenesis of chronic
diseases and syndromes, including chronic pain, depres-
sion, Alzheimer’s disease, post-traumatic stress disorder,
irritable bowel syndrome, osteoarthritis, polycystic ovary
syndrome, metabolic disorders, and their complications
and consequences — namely, metabolic syndrome, obesity,
diabetes mellitus, atherosclerosis, stroke, and cancer; the
significance of immune mechanisms in the pathogene-
sis of LGI, the immunological mode of action of LGI, its
role in the activation of the RAS, and its association with
endotoxaemia in metabolic diseases have also been high-
lighted. Additionally, the use of dietary interventions and
physical activity in the treatment and prevention of LGI
has received growing attention. Research into the role of
age in the aetiology and pathogenesis of LGI has explored
the pro-inflammatory phenotype in early childhood, the
consequences of LGI in children with obesity, age-related
changes in adipose tissue and their role in inflammation
onset, LGI in individuals of different ages with obesity and
COVID-19, immunopathogenic changes in older adults or
those with age-related diseases during COVID-19, com-
pensatory immunosuppression associated with ageing
and age-related conditions, the role of microRNAs in the
pathogenesis of LGI in the elderly, and the impact of LGI
on brain structure, accelerated ageing, and neuropsychiat-
ric disorders. Studies focused on the diagnosis, treatment,
and prevention of LGI have examined the diagnostic value
of the PINI, the efficacy of ketogenic diets, fruit and veg-
etable juice, whole grain products, and multi-component
herbal and organ-based medicinal preparations in LGI
management. Further research has addressed the use of
diet and exercise to counteract LGI in cancer, the reduc-
tion of sedentary behaviour and increase in physical activ-
ity to mitigate LGI in obesity, and the effectiveness of light
physical activity in lowering LGI levels in children.

Future efforts should focus on expanding the under-
standing of the conceptual components of LGI and their
relevance in the aetiology and pathogenesis of associated
chronic non-communicable diseases. Research into the
causes and mechanisms of LGI and its related patholo-
gies should be directed towards the development of novel
strategies for aetiotropic and pathogenetic therapy. Con-
tinued investigation into the age-related aspects of LGI
is of particular importance for informing therapeutic
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approaches to LGI, its associated conditions, and the age-
ing process. Further studies are also essential to clarify the
role of LGI in the aetiology and pathogenesis of chronic
non-communicable diseases, including metabolic disor-
ders, which is of critical importance for the justification of
new methods for the prevention and treatment of a wide
range of chronic conditions. Additionally, the develop-
ment of new approaches to the diagnosis, treatment, and
prevention of LGI and its associated diseases remains a
key research priority.
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Klymenko

Mporpec Ta nepcneKkTuBu pocnigkeHHss HU3bKOCTYNEHEBOro
ANdY3HOro XpoHi4HOro 3anasieHHsa: ornan niteparypm

Mukona KnumeHko

JOKTOp MeauyHMx HayK, npodecop

YopHOMOPCHKMI HallioHaIbHUI YHiBepcUTET iMeHi MeTpa Moruau
54003, Byn. 68 AecaHTHuKiB, 10, M. MmMKonaiB, YKpaiHa
https://orcid.org/0000-0002-7671-1891

AHoTauis. Huspkoctynenese gudysHe xponiune sananennsa (low-grade inflammation — LGI) € mpu4nHOI0 YMCIeHHUX
XPOHIYHMX 3aXBOPIOBAaHb, Y TOMY YMC/Ii Cy4acHUMX HeiH(eKUifHMX MaHfeMiil — cepleBO-CYAMHHUX 3aXBOPIOBAHD,
MeTabO/NIiYHOTO CUHAPOMY, IIYKPOBOro AiabeTy 2 TUITY, OXUPIiHHA, XPOHIYHOrO OOCTPYKTMBHOIO 3aXBOPIOBAHHSA
JleTeHb, XPOHIYHMX 3alla/IbHMX 3aXBOPIOBAHDb KUIIEYHVKA, HEaJKOTOJIbHOI XXVMPOBOI XBOPOOU IMediHKM, XPOHIYHOI
XBOpOOY HUPOK, HellpofereHepaTMBHIX 3aXBOPIOBaHb, esAKUX GopM paky Tomo. MeTa po6oTi — npoaHaaisyBaTu
OCTaHHI faHi HayKOBMX MeM4YHMX Iy6nikaniit mpo LGI, mpo6ieMa AKOro 3ajqMIIae€TbCcA aKTyanbHOW. [JocATHYTHI
3HAUHUII IIpOrpec y po3pobui Takyx nuraHb Liei mpobnemy, Ak moHATTA npo LGI, itoro etiosnoria Ta maroreHes,
ponb LGI y BUHMKHEHHI Ta pO3BUTKY XPOHIYHMX HeiH(eKUIHMX 3aXBOPIOBaHb, AiarHOCTMKA, JIIKyBaHHA Ta
npodinakruka LGI. ITepeBaxxHMMy HapsAMaMU JOCTIIKeHDb LIbOTO 3allaJIeHHA € JI0r0 eTionoris Ta maToreHes, 38’ 130K
3 XpOHIYHMMM HeiHpeKUiTHMMNY, 0cO0MIUBO 3 MeTabOIIYHIMM, 3aXBOPIOBAaHHAMMY Ta JIOr0 KOpPeKIid. 3a TeMaTHKOIO
TOCITKeHHA CTOCYIOTbCA HOHATTA Ta mommpeHocTi LGI; 3Ha4eHHA IIKifIMBOrO TMITy Xap4yyBaHHS, KMUIIKOBOI
Mikpo6ioTy, coljjaJbHUX Ta IICMXOCOLia/IbHMX YMHHUKIB, CTaTi Ta BiKy B erionoril Ta martorenesi LGI; meskmx
MOJIEKY/LIPHUX MeXaHi3MiB LGI; posi y BMHMKHEHHI Ta pO3BUTKY TaKMX XPOHIUYHMX 3aXBOPIOBAaHDb Ta CHMH/POMIB, AK
XpOHIYHMIT 6i/b, felpecis, XxBopoba AblreiiMepa, IOCTTPaBMAaTUYHUI CTPECOBUIT PO3JIaJ], CMHAPOM IOJPa3HEHOro
KMIIeYHMKA, OCTEOAPTPUT, CUHAPOM IONIKMCTO3HUX fA€YHUKIB, MeTaOOJiuHi 3aXBOPIOBaHHA, iX yCK/IafHEeHHA Ta
HACTigKY — MeTaOOoJiYHUII CUHIPOM, OXMUpIHHA, IYKpOBUil fiabeT, aTepockIepos, IHCYIbT, pakK; HeAKUX IMyHHMX
Ta TYMOPaJIbHUX MeXaHi3MiB B3aeM03B’A3Ky Mk LGI Ta MeTabo/miYHMMU 3aXBOPIOBAaHHAMM; BUKOPYCTAHHA Ni€TU
Ta (i3nyHOI aKTUBHOCTI y mikyBaHHi Ta npodinaktuni LGI. HocmimkenHns 6iomorivanux Ta KiHiYHKMX acnekTiB LGI
TO3BOJIAE€ 3’ ACYBAaTV IPUYVHM Ta MEXaHi3MM JIOTO caMOTrO Ta B3a€EMOIIOB A3aHVX 3 HYM XPOHIUHNX 3aXBOPIOBaHb, a
PO3YMIHHA LIMX IPUYMH Ta MEXaHi3MiB CIIpusA€e po3po6bii iHHOBaLiIIHUX cTpaTeriil mpodinakTuky Ta mikyBaHHA LGI
Ta aCOLIiIIOBAHMX XPOHIYHMX 3aXBOPIOBAHD

KntovoBi cnoBa: 3amajeHHs; XpoHiyHi HeiHdekUiliHI 3aXBOpIOBaHHA; cydacHi HeiH(eKuiini manmeMmii; eTionoris;
IIaTOreHes; NiarHOCTYIKA; JIIKyBaHHA; PodimaKTIKa
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