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INTRODUCTION 

The inflammatory response must be strictly managed to 

ensure efficient immune protection. It is a dynamic 

network that is continuously reconstructing during each 

person‟s life as a result of the interaction between our 

genes, lifestyles, and environments. Infections and tissue 

damage from the external environment and our unique 

internal response to stress might act as triggers to 

activate the inflammatory defensive response. While 

inflammation is part of the natural repair response for 

healing, and necessary in keeping us safe from bacterial 

and viral infections and noxious environ- mental agents, 

not all inflammation is beneficial. When inflammation 

grows persistent and persists, it can become detrimental 

and destructive. It is vital that inflammation is 

customized to the initiating stress and resolves in a 

timely and controlled way, to avoid disease associated 

with chronicity. 

 

The cytokine network is a very complex system of 

immunological molecular messengers, with several 

levels of activation and regulation mediated through 

soluble receptors, receptor antago- nists, various serum 

mediators, as well as gene polymorphisms. Proteomic 

methods measuring cytokine production and expression 

have demonstrated further layers of complexity and 

control in cytokine production and expression involving 

long coding RNAs, siRNAs, and miRNAs, which make 

for challeng- ing interpretation of cytokine production 

and control in the inflammatory process. Many cytokines 

are able to function in more than one-way or ironically at 

various times and many act in feedback loops with the 

ability to auto-control their own production. Cytokine 

expression is also controlled by local cellular 

microenvironments, showing that various mechanisms 

exist to accomplish homeostatic immunologic regulation 

and effective- ness, or to conversely increase chronic 

immunological activation. However, what seems evident 

is that mirroring other physiological systems, the 

homeostatic regulation, titration, and modulation of 

immune responsiveness becomes more frail and less 

tightly focused with increasing age. This loosening of the 

cytokine balance between the pro-inflammatory and anti-

inflammatory regulation or resolution mechanisms, or 

inflamm-aging, is a defining hallmark of both aging and 

age-related disorders. Recently, a wealth of research 
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ABSTRACT  

To monitor inflammation in a useful way, the markers utilized must be valid: they must reflect the inflammatory 

process under inquiry and they must be predictive of future health state. In 2019 the Nutrition and Immunity Task 

Force of the International Life Sciences Institute, European Branch, organized an expert group to attempt to 

identify robust and predictive markers, or patterns or clusters of markers, which can be used to assess inflammation 

in human nutrition studies in the general population. Inflammation is a normal process and there are a number of 

cells and mediators involved. These markers are involved in, or are formed as a result of, the inflammatory process 

irrespective of its cause and its location and are common to all inflammatory conditions. Currently, there is no 

consensus as to which indicators of inflammation best identify low-grade inflammation or differentiate between 

acute and chronic inflammation or between the numerous phases of inflammatory reactions. There are a variety of 

modifying factors that vary the concentration of an inflammatory marker at a given period, including age, diet and 

body fatness, among others. Measuring the concentration of inflammatory markers in the bloodstream under basal 

conditions is probably less informative compared with data relating to the concentration change in response to a 

challenge.  
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relating the pro-inflammatory cytokines [such as IL-1, 

IL-6, and tumor necrosis factor-α (TNF-α)] generated 

from microglia has garnered great attention for its role in 

AD. As the most abundant immune cells in the central 

nervous system (CNS), microglia has long been a hotspot 

in AD due to their significant responses to the 

pathophysiology of the illness. Microglia activation have 

multiple impacts on AD progression: one side, activation 

of microglia leads to lowering Aβ buildup by boosting its 

phagocytosis, clearance and destruction, which reduces 

the formation of amyloid plaques in the brain. On the 

other side, chronic microglia activation leads to the 

release of pro-inflammatory cytokines, which initiates a 

pro-inflammatory cascade and subsequently contributes 

to neuronal damage and losses In this article, we review 

the current results of pro-inflammatory cytokines 

generated from microglia, postulate its likely function in 

AD progression, and highlight the recent advances and 

challenges in targeting pro-inflammatory cytokines for 

AD therapy. The overall purpose of the present work is 

to attempt to develop robust and predictive markers, or 

patterns or clusters of mar- kers, which can be utilized to 

quantify inflammation in human nutrition studies in the 

general population. Inflammation is a normal component 

of host defence, activating the mechanisms involved in 

pathogen death and protection against various shocks. 

Thus, in a physiological environment, inflammation is 

pro- tective. Typically, the inflammatory response is 

activated fast in response to infection or another stimulus 

and then follows a time pattern of cellular activation and 

chemical mediator release. Once the infection or the 

other insult is eradicated, or at least regulated, 

mechanisms come into action to terminate inflammation 

in order to limit additional damage to the host and to 

commence tissue repair. This process is termed 

resolution of inflammation, and it is now understood to 

be an active process involving specific mediators that act 

to down-regulate the processes that were earlier 

activated. Fail- ure to resolve inflammation may permit 

the ordinarily acute inflammatory processes to become 

chronic. Chronic inflam- mation may also be triggered 

by continued exposure to the triggering factor. Chronic 

inflammation is a well-recognised component of many 

diseases and is a target for several phar- macologic 

treatments. In order to evaluate the role of diet, foods or 

specific nutrients on inflammation, it is required to 

identify possible biomarkers. This review offers a sys- 

tematic method to discover generic biomarkers of 

inflam- mation and to explore the factors that may 

change the status of those biomarkers. 

 

General factor of inflammation 

Inflammation is the immune system's response to 

damaging stimuli, such as pathogens, damaged cells, 

poisonous substances, or irradiation, and functions by 

eliminating injurious stimuli and commencing the 

healing process. Inflammation is consequently a defense 

mechanism that is crucial to health. Usually, during acute 

inflammatory reactions, cellular and molecular activities 

and interactions successfully limit impending harm or 

infection. This mitigation step contributes to restoration 

of tissue homeostasis and resolution of the acute 

inflammation. However, unchecked acute inflammation 

may become chronic, contributing to a range of chronic 

inflammatory illness. 

 

At the tissue level, inflammation is characterized by 

redness, swelling, heat, discomfort, and loss of tissue 

function, which arise from local immunological, vascular 

and inflammatory cell responses to infection or injur. 

Important microcirculatory events that occur during the 

inflammatory process include vascular permeability 

alterations, leukocyte recruitment and accumulation, and 

inflammatory mediator release. 

 

Various pathogenic causes, such as infection, tissue 

injury, or cardiac infarction, can promote inflammation 

by producing tissue damage. The etiologies of 

inflammation can be infectious or non-infectious. 

 

 
Fig. 1: Schematic overview of the common inflammatory response generated by different causes. Triggers are 

those factors that can directly begin an inflammatory response. ER, endoplasmic reticulum; TLR, Toll-like 

receptor; TNFR, TNF receptor. 

 

Prolonged, or chronic, inflammation entails a progressive 

shift in the type of cells present at the site of 

inflammation and simultaneous destruction and healing 

of the tissue due to the ongoing inflammatory process. 

Inflam- mation may become pathological due to the loss 

of tolerance and/or of regulatory systems such as 

resolution. Where this becomes excessive, permanent 

damage to host tissues and disease can occur (1). Such 

disorders are distinguished by mark- edly raised 

quantities of inflammatory markers and of activated 
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inflammatory cells at the site of tissue injury and in the 

systemic circulation; this state of inflammation may be 

regarded as „high grade‟. These disorders include 

rheumatoid arthritis (RA), inflammatory bowel diseases 

(IBD), atopic der- matitis, psoriasis and asthma. Chronic 

inflammation can also be of a „low grade‟ and under 

such circumstances, overt clini- cal manifestations can be 

minimal or absent; the elevation in the concentrations of 

inflammatory markers and of inflamma- tory cells in the 

systemic circulation is not as great as that seen in the 

frank chronic inflammatory conditions described above. 

Low-grade asymptomatic inflammation can occur in 

adipose tissue as a hallmark of obesity. Under these 

conditions, the adipocyte itself becomes the source of 

inflammation- related adipokines, while there is also 

infiltration of adipose tissue by macrophages and T cells, 

which make major contributions to the inflammatory 

output Common to both acute and chronic inflammation 

is that they have an afferent phase, in which the presence 

of a trigger is sensed by specific types of cells, and an 

efferent phase, in which an inflammatory response is 

formed to eradicate the perceived hostile intruder (i.e. the 

source of the trigger) (i.e. the source of the trigger). 

Irrespective of the type of inflammation, the response 

involves four major events. The first event is increased 

blood flow to the region of inflammation. The second 

event is enhanced capil- lary permeability mediated by 

retraction of endothelial cells. This causes bigger 

molecules, not ordinarily capable of traversing the 

endothelium, to do so and therefore delivers some 

soluble mediators to the site of inflammation. The third 

process is leucocyte migration from the capillaries into 

the surrounding tissue (Fig. 2). This is fostered by the 

release of chemo- attractants from the site of 

inflammation and by the up-regulation of adhesion 

molecules on the endothelium. Once in the tissue, the 

leucocytes migrate to the site of inflammation. 

 

 
Fig 2: Inflammation road to resolution. An illustration of the sequence of critical events (in uppercase language), 

cells and chemicals involved in responding to damage or infection, and how the inflammatory episode is resolved 

over time (from left to right) (from left to right). Cells from the innate and adaptive immune system that are 

engaged in cell recruitment, phagocytosis, and clearance processes are underlined in blue text; important 

chemicals are in italic language. 

 

Triggers of Inflammation  

Several common molecular pathways have been 

identified that seem to be associated with both aging and 

low-grade inflam- mation. These pathways trigger the 

inflammasome, stimulating NF-κB, and the IL-1β-

mediated inflammatory cascade. 

 

Age –Related redox reaction 

A redox imbalance has long been associated with aging 

and led to the development of the redox stress hypothesis 

of aging. Redox stress is caused by an imbalance 

between unregu- lated and overproduced reactive oxygen 

species (ROS) that are produced secondary to 

mitochondrial energy production, active immunological 

phagocytic processes, and the prostaglandin pathway 

through COX enzyme production. While ROS are 

important molecules regulating numerous physiological 

and pathological processes in the cell, there is now clear 

evidence that overproduction of ROS is involved in the 

development of a number of diseases, such as 

Alzheimer‟s disease, rheumatoid, and cardiovascular 

diseases. Increasing evidence supports the notion that 

low concentrations of ROS or “primary ROS” are 

involved in well controlled processes, where their effect 

on reactive target molecules can be reversible, 

suggesting that “primary” ROS acts as an important 



www.ejpmr.com         │        Vol 8, Issue 11, 2021.         │        ISO 9001:2015 Certified Journal        │ 

Amit et al.                                                                       European Journal of Pharmaceutical and Medical Research 

657 

intracellular signaling molecule. In contrast, the very 

active OH ROS is less effectively controlled and forms 

the main damaging type of ROS that is able to react with 

many macromolecules, such as lipids, proteins, and 

nucleic acids. This results in DNA oxidation and cell 

membrane damage, which contributes to the burden of 

damaged molecules related to aging and age-related 

diseases. 

 

Mitochondrial ROS 

Mitochondria are highly efficient generators of energy, 

but in doing so they produce ROS. It is estimated that 

around 90 percent of transferring electrons from 

cytoplasmic NADPH or the “NOX” catalytic subunit to 

molecular oxygen. The ROS produced by these enzymes 

has a crucial function in neutrophils and macrophages as 

a mechanism for effective bacterial killing and host 

defense. When the phagocytes recognize an endogenous 

or exogenous danger signal, the NADPH-oxidase unit 

translo- cates to fuse with the plasma membrane to create 

the phagosome. This generates massive amounts of 

extremely reactive ROS called the phagocytic burst that 

is particularly effective in killing microorganisms, 

however phagosomal pH and ion concentration are also 

believed to be important. Although NOX family of 

isoenzymes was initially associated with the ROS 

produced in phagocytes, other members of the NOX 

family are now known to be involved in a wide range of 

regulatory roles in many tissues and seem likely to play a 

role in aging and age-related disorders. Studies in the 

human vascular system reveal that NOX1, NOX2, and 

NOX5 increase endothe- lial dysfunction, inflammation, 

and apoptosis in the vessel walls, but NOX4 by contrast 

is vasoprotective, by boosting nitric oxide 

bioavailability. NOX enzymes, therefore, appear to have 

a role in vascular disease as well as in the maintenance of 

normal physiological vascular function. Activation of 

NOX2 and NOX4 occurs in patients with atrial 

fibrillation and inhibi- tion of NOX by angiotension 

converting enzyme inhibitor medications or statins has 

shown useful in preventing post-operative atrial 

fibrillation. 

 

Identify the biomarker of inflammation 

Inflammation has long been considered to play a crucial 

part in the pathology of a number of human diseases, 

including RA,psoriasis, Crohn‟s disease, allergic asthma 

and atopic dermati- tis, being centrally implicated in the 

tissue damage that is seen. These disorders with a well-

recognised inflammatory component are frequently 

treated with general or particular anti- inflammatory 

medicines with the aim of eliciting a clini- cal benefit. 

More recently, it has been obvious that metabolic 

disorders such as atherosclerosis, type 2 diabetes and 

obesity have an inflammatory component albeit low-

grade; nevertheless, the amount to which this is causal in 

the pathology is not yet clear. These disorders are not 

routinely treated with anti-inflammatory medicines. It is 

assumed that several dietary components can influence 

many elements of inflam- mation consequently, nutrition 

may have a role in predisposing to illnesses that have an 

inflammatory component and altered nutrition may be 

effective in the prevention or treatment of such disorders 

In order to understand the role of diet or its component 

foods. 

 

A biomarker is described as „a trait that is objectively 

tested and analyzed as an indicator of normal biological 

processes, pathogenic processes, or phar- macologic 

reactions to an intervention. However, clear guidelines 

on which biomarkers to employ and how to interpret 

patterns of biomarkers and changes in biomarkers in the 

context of inflammation are absent. The Institute of 

Medicine recently presented a comprehensive approach 

for identifi- cation of biomarkers and surrogate endpoints 

in chronic diseases. The Institute of Medicine proposed 

basing the evaluation procedure for biomarkers on three 

steps: 

(1) Analytical validation of the biomarker (reference 

range, accuracy, limits of detection, reproducibility, 

etc.);  

(2) Qualification of the available evidence on an 

association between the biomarker and disease states 

including data showing the effects of an intervention 

on both the biomarker and clinical outcomes; 

(3) Usage of a utilisation stage that largely includes the 

decision of whether analytical validation and 

qualification undertaken give sufficient support for 

the planned use of the biomarker The overarching 

purpose of this review is to find robust and 

predictive markers, or patterns or clusters of 

markers, that may be used to measure inflammation 

in human nutrition research in the general popu- 

lation and to build a consensus for grading these 

biomarkers. 
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Fig. 3: C, complement; CRP, C-reactive protein; SAA, serum amyloid A; TNFR, TNF receptor; ra, receptor 

antagonist; PAI, plasmi- nogen activator inhibitor; ICAM, intercellular adhesion molecule; VCAM, vascular cell 

adhesion molecule; CCL, chemokine (C– C motif) ligand; CD62E, E-selectin endothelial leukocyte adhesion  molecule 

1; CD62P, P-selectin  endothelial leukocyte  adhesion molecule 1; CXCL, chemokine (C– X– C motif) ligand;  tPA, 

tissue plasminogen activator; vWF, von Willebrand factor; IFN, interferon; PLA, phospholipase A; ROS, 

reactive oxygen species. 

 

Table 1:  Lipid mediator associated with inflammation. 

Class Mediator Substrate Receptor(s) 

Prostanoids 

 

 

 

Leukotrienes 

PGD2 PGE2 PGF2a 

PGI2 TXA2 

PGE1 PGD3 PGE3 

5-HETE 

Arachidonic acid via COX Arachidonic 

acid via COX Arachidonic acid via COX 

Arachidonic acid via COX Arachidonic 

acid via COX Dihomo-g-linolenic acid via 

COX 

EPA via COX 

EPA via COX 

Arachidonic acid via 5-LOX 

DP1, DP2 

EP1, EP2, EP3, EP4 FP 

IP TP 

EP1, EP2, EP3, EP4 DP1, 

DP2 

EP1, EP2, EP3, EP4 

BLT2 

 5-HPETE Arachidonic acid via 5-LOX OXE 

 LTB4 

LTC4, D4, E4 (termed 

cys-LT) 15-HETE 

Arachidonic acid via 5-LOX Arachidonic 

acid via 5-LOX 

Arachidonic acid via 15-LOX 

BLT1, BLT2 

CysLT1, CysLT2 BLT2 

 15-HPETE Arachidonic acid via 15-LOX BLT2 

 12-HETE Arachidonic acid via 12-LOX BLT2 

Lipoxins LTB5 LXA4 EPA via 5-LOX 

Arachidonic acid via 15-LOX and 5-LOX 

or 5-LOX 

BLT1, BLT2 FPR2/ALX 

 

Microbiota associated with markers 

As discussed earlier, microbiota and, particularly, gut 

micro- biota might play an important role in human 

health and physiopathology. It is possible that circulating 

traces of trans- located bacteria or bacterial components 

could be used as biomarkers to predict metabolic disease 

risk in humans. Measurements of blood LPS have 

frequently been reported in the literature as a feature of 

mucosal barrier failure. How- ever, such measures are 

rather unspecific, are limited to Gram-negative 

organisms and pose some technical difficulties. 

Alternative methods to detect material of bacterial origin 

or to detect responses to specific organisms are 

emerging. Indeed, a battery of antibodies against 

different bacterial antigens is currently under 

investigation, although their physiological role is still 

unclear. In addition, specific bacterial 16S ribosomal 

DNA detection by PCR amplification in blood is a tool 

being used more frequently. The combination of 

excellent sensitivity and specificity, ease and speed has 

made real-time PCR technology an appealing alternative 

to conventional culture-based testing methods. This 

approach has been used recently to show a positive 

association between 16S ribosomal DNA in blood and 

diabetes onset. The 16S ribosomal DNA concentration 

was analysed in blood in a cohort of 3280 subjects 

without diabetes or obesity. Baseline 16S ribosomal 

DNA level was higher in those subjects who developed 

diabetes by the 9-year follow-up. 

 

Future prospective 

Aging is varied across humans and highly changeable 
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amongst different organs and tissues. Our genes, our 

lifestyles, and our response to stress are infinitely 

individual and varied, so that the immunobiography of 

each person tells a different story of how each will 

respond to the internal and external environmental 

stressors. But evidence is mounting suggesting the aging 

process may be changeable. 

 

Because aging is the biggest risk factor for age-related 

disorders, understanding age better and safeguarding the 

health of older peo- ple and societies is highly important 

personally and for societies and governments. 

Knowledge on the underlying biological pathways and 

the genetic and life-style mechanisms linked with age-

related disease and aging itself is increasing. Evidence 

from centenarian and nonagenarian studies suggests that 

these oldest people of populations have had the ability to 

prevent aging and age-related disorders Other studies 

show that cente- narians may demonstrate optimal 

cardiovascular risk factors or have either instinctively or 

through social example, adopted lifestyles which have 

interacted with their genes to facili- tate a healthy aging 

phenotype. Population studies across the world suggest 

that the age-specific incidence of cardiovascular disease, 

stroke, and dementia is decreasing.. This shows that 

better blood pressure and diabetes management and 

statin use may directly or indirectly link into and 

downregulate cellular pathways related with 

inflammation. Research into how carriage of certain gene 

alleles, such as TCF7L2 or IL-6 can increase 

inflammation or stroke risk, respec- tively, and can be 

ameliorated by following a Mediterranean-type diet, or 

how gene splicing and features of senescence may be 

modulated by resveratrol in food herald research into 

how gene, diet, and lifestyles can interact, with positive 

or negative effects on the immune system and health. 

Increased knowledge is emerging as to how epigenetic 

modulation might influence cytokine genes with 

evidence relating cytokine epigenetic modification to 

neuro inflammatory. Obesity, smoking, and malnutrition 

have been proven to have next generational epigenetic 

consequences, and seem likely to contribute to the 

propensity of offspring developing age-related disease or 

conversely the longevity phenotype. 

 

Other tactics should be devised which link with public 

health messaging and urge people to embrace behavioral 

adjustments in lifestyles. Modifications should include: 

changes in diets to incorporate more omega-3 containing 

foods or fruits and vegetables as in the Mediterranean 

diet engagement in regular controlled exercise routines 

ongoing participation with social connections and 

intellectual pursuits in daily lives or best of all a 

combination of life-style elements, all of which have 

been found to lower the inflammatory profile and 

improve the quality of aging. Although the role of diet on 

human health and connections through nutrition, 

inflammation, and cancer are not as linear as those 

between tobacco, smoking, and lung cancer, obesity is 

linked to chronic inflammation through several 

mechanisms,including the dysregulation of autophagy, 

whereas fasting has anti- inflammatory effects, similar to 

the effect of exercise, and may downregulate 

inflammatory biomarkers. There is, therefore, substantial 

interest in the involvement of the intestinal micro- biota 

and health and the so-called immune-relevant 

microbiome with important correlations between 

inflammation and neurodegenerative disease, bacterial β-

hydroxybutyrate metabolites, and the role of vagal 

stimulation. Increasing data reveals that multiple 

signaling pathways are activated in a stress-type-

dependent fashion, and all appear to converge with 

nuclear factor (NF)-κB signaling, which is a fundamental 

controller of the immune response, and inflammatory 

cascade With increasing age, immune homeo- stasis 

loosens, NF-κB signaling becomes less tightly controlled 

or is more readily triggered, cytokine dysregulation 

occurs, and a pro-inflammatory phenotype predominates 

that underpins most major age-related diseases from 

atherosclerosis to cancer, and aging itself Understanding 

how different stimuli trigger the NF-κB cascade is an 

important area of research. In animal models, miRNA-

based regulatory networks involving miR-155 and miR-

146a, tightly regulate NF-κB activity, with miR-146a 

downregulating and miR-155 upregulating NF-κB 

expression. There is a crucial temporal separation of 

miR-155 and miR-146a cellular expression that allows 

finely controlled NK-κB signaling and enables a precise 

macrophage inflammatory response, which needs 

additional exploration. 

 

Therapeutic options may develop through better under- 

sight of the molecular pathways that promote senesce 

cells and SASP in the cellular settings of chronic disease 

or whether senescent cells can be eliminated by 

upregulating autophagy and using sophisticated tagging 

techniques. There will be increased opportunities to use 

the knowledge gained from clini- cal studies in 

autoimmune disease, about the roles and actions of 

monoclonal antibodies in modulating inflammation, 

which may be able to be utilized in treatments for other 

age-related diseases involving inflammation . The 

formulations of new and more specialized medications 

are likely to become available as the modes of action of 

kinases, such an AMPK and mTOR which govern the 

senescence and inflammation pathways, become better 

understood. Old medications, such as metformin, still 

used in diabetes care, are being repurposed and have 

been found to have exciting new uses through their 

capacity to modulate epigenetic gene expression. Clinical 

investigations are undertaken to determine any 

modifying effect of metformin in aging and age-related 

illnesses. The use of his- tone deacetylating medications 

is predicted to rise as the clinical usage of deacetylation 

and methylation agents is explored in cancer with 

increased knowledge of their effects and safety 

requirements. The current interest in diet and modified 

diets will encourage further studies assessing how 

nutrachemicals modify gene expression, for example, 

through the regulation of intracellular receptors that bind 
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the promoters of certain genes, and may help to design 

more specific drugs to modify metabolism and benefit 

health. 

 

CONCLUSION 

There is an urgent demand for accurately monitoring 

inflamma- tory status in the context of disease and 

actions to pre- vent or treat disease, including dietary 

modification. Currently, recommendations on how to 

appropriately diagnose inflam- mation are inadequate. To 

monitor inflammation in a meaningful way, the markers 

utilized must be genuine; that is, they must reflect the 

inflammatory process under research and they must be 

pre- dictive of future health status. Inflammation per se is 

a normal, vital, complex physiological process crucial for 

healing and maintaining health. This process involves 

many cells and mediators. The latter contain various pep- 

tides and proteins that circulate in the bloodstream (e.g. 

cyto- kines, chemokines, soluble versions of adhesion 

molecules and acute-phase proteins). These are involved 

in, or created as a result of, the inflammatory process 

independent of its trigger and its location. Thus, they are 

common to all inflammatory illnesses, to acute and 

chronic inflammatory reactions and to both high-grade 

and low-grade inflammation. 

 

The focus in inflammation research has been very much 

on such pro-inflammatory mar- kers that are part of an 

amplification cascade or that induce tissue damage, and 

the factors that control these and which can be used to 

identify illness. There has been less emphasis on anti-

inflammatory markers, which include receptor 

antagonists, soluble versions of receptors, cytokines and 

lipid mediators that act to down-regulate the production 

of inflammatory mediators. There is considerably less 

understanding of those elements that terminate (resolve) 

inflammation. Cur- rently, there is no consensus on 

whether markers of inflam- mation best characterize low-

grade inflammation or can differentiate between acute 

and chronic inflammation or among the initiation, 

propagation and resolution phases of inflammatory 

responses. For most inflammatory markers, there is 

insufficient evidence on the predictive usefulness of 

(differ- ences in or changes in) their concentration from 

prospective research; that is, information on their role as 

(independent) markers of disease risk and outcome is 

mainly sparse. Many modifying factors affect the 

concentration of an inflammatory marker at a given time; 

the effects of some factors, such as age, physical 

(in)activity and smoking, on a small number of 

inflammatory markers are well described, but the effects 

of these factors on the range of markers considered here 

are mostly not known. In particular, information of the 

impacts of genotype, sex and gut microbiome is sparse. 
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