Chronic Inflammation and
Metabolic Disorders
Chronic inflammation represents a sustained inflammatory stimulus which leads to the continued
recruitment of immune cells and tissue injury and a cascading inflammatory response. In contrast
to acute inflammatory responses, chronic inflammation may last years or even a lifetime in the
case of some chronic inflammatory diseases.
Chronic inflammation plays a key role in the development and progression of many chronic
diseases including, but not limited to, autoimmune diseases, metabolic disorders such as
atherosclerosis and obesity, fibrosis, and cancer, which are interlinked metabolically. Even
though the base cause of a disease may be other than inflammation, it is the sustained
inflammatory response which causes systemic deleterious effects; for example, in diabetic
patients in which inflammation has been controlled there are no detectable harmful
effects on vital organs, even when high blood glucose remains elevated (Sáez 2020).
Particularly, the excessive energy intake and low expenditure that characterize obesity leads
to an energy imbalance and an abnormal accumulation of lipids in metabolic tissues, mainly
liver and adipose tissue. This results in the development of a low-grade systemic inflammatory
state, which is related to the secretion of pro-inflammatory mediators such as cytokines. This
promotes the recruitment of macrophages to adipose tissues and contributes to metabolic
dysfunction, such as insulin resistance, impaired glucose tolerance, hyperglycemia, and
dyslipidemia. In parallel, chronic hyperglycemia induces oxidative stress via mitochondrial
dysfunction and increased reactive oxygen species (ROS) generation or activated
apoptosis in cells. This elicits an increased pro-inflammatory response and leads to the
onset of hypertension, endothelial dysfunction, high cardiovascular risk, and other
obesity-related diseases (Vezza 2020).
Pathophysiology
The role of inflammation is to control immune and healing functions, which under normal conditions are
carried out in phases until the inflammatory response wanes. Yet, when the inflammatory stimulus is
permanent, it generates tissue damage and secondary repair functions including fibrosis and granuloma
formation, scarring healthy tissue which prevents it from recovering its normal functions (Pahwa 2020).
Macrophages and their products are key regulators of the immune response, and in addition to their
phagocytic function to clear bacteria, debris, and apoptotic cells, they also have defined antiviral functions
(for an introductory review on immunomodulation please refer to Nutrartis’ white paper on Immunity). The
response is mediated by T-helper cells (Th cells), which determine macrophage polarization into types M1
or M2 according to the required immune response. M1 and M2 macrophages secrete characteristic signals
(cytokines) which drive the inflammatory response depending on the cause and dynamics of the
inflammation process (Fleit 2014).
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Although chronic inflammation progresses silently, it is the cause of most chronic diseases and presents a
major threat to the health and longevity of individuals. It is considered a major contributor to several diseases
(such as cancer, atherosclerosis, diabetes and obesity) as it affects different cell types and hence different
organs.

Crucial for the development of chronic inflammation is the NLRP3 inflammasome, playing a role in local
tissue injury and organ crosstalk. It is a widely distributed (in tissue and organs) protein complex that integrates
multiple exogenous and endogenous danger signals into the immediate secretion of M1-characteristic
cytokines. Most recent data suggest that activation of the NLRP3 inflammasome complex contributes to the
pathophysiological mechanisms that explain the development of visceral obesity and insulin resistance
(Benetti 2013). However, NLRP3 inflammasome–mediated inflammatory cytokines play dual roles in mediating
human disease. While they are detrimental in the pathogenesis of inflammatory and metabolic diseases, they
have a beneficial role in numerous infectious diseases and some cancers. Therefore, fine tuning of NLRP3
inflammasome activity is essential for maintaining proper cellular homeostasis and health (Sharma 2021).
Atherosclerosis
Many clinical studies have shown strong and consistent relationships between markers of inflammation,
such as hsCRP, and cardiovascular disease prediction. Furthermore, Atherosclerosis is a pro-inflammatory
state with all the features of chronic low-grade inflammation and increases the risk of cardiovascular events
such as myocardial infarction, stroke, among others (Pahwa 2020).
In the pathogenesis of atherosclerosis, M1 macrophages release ROS resulting in further oxidation of
lipoproteins, and proteolytic enzymes that may degrade the endothelial wall, leading to destabilization
of the plaque and increasing the risk for plaque rupture and subsequent thrombosis (Fleit 2014).
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Obesity and diabetes
In normal individuals fatty acids are stored as triglycerides for future use in the adipocytes, but in
individuals in dietary excess or chronically overfed states an excess of free fatty acids in the adipocytes
lead to endoplasmic reticulum stress and activation of downstream signaling pathways, contributing to
insulin resistance (Fleit 2014).
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Insulin resistance is characterized by impaired glucose uptake in muscle and enhanced triglyceride lipolysis
in adipose tissue (and consequently high levels of free fatty acids), which result in hyperglycemia and
hyperlipidemia. This insulin resistance causes β cells in the pancreas to secrete more insulin, resulting in
hyperinsulinemia. This increased production of insulin stresses the β cells, leading to hyperproliferation
and ultimately apoptotic cell death. This progresses to β-cell exhaustion, culminating in hyperglycemia and
type 2 diabetes.
Adipose tissue-associated macrophages switch from an M2 phenotype to an M1 proinflammatory phenotype
as obesity progresses. Thus, the balance between anti-inflammatory and proinflammatory cellular
functions is a key determinant governing inflammation in adipose tissue and subsequent development of
the metabolic syndrome (Fleit 2014).
Cancer
Chronic low-level inflammation also appears to participate in many types of cancer such as kidney, prostate,
ovarian, hepatocellular, pancreatic, colorectal, lung, and mesothelioma (Pahwa 2020).
Cancer may be caused by noninfectious substances (chemical and physical carcinogens) which can lead to
cellular injury, to which the host responds with chronic inflammatory mechanisms that facilitate the
progression to neoplastic transformation, increasing the risk of cancer, tumor progression, and metastatic
spread (Fleit 2014). Furthermore, chronic inflammation causes, at least in part, an increased chance of DNA
mutations, since byproducts of inflammation may interact with various cellular components including
proteins, lipids and, most important for mutagenesis, nucleic acids (Ferguson 2010).
Chronic inflammation not only contributes to both initiation and promotion of carcinogenesis, it also
supports a tissue microenvironment that permits tumors to progress and metastasize. Additionally,
inflammation may establish an immunosuppressive environment that prevents immune responses
against tumors (Fleit 2014).
Other conditions
Other conditions to which chronic inflammation contributes to are (Pahwa 2020):
Rheumatoid arthritis: In a genetically susceptible host, chronic inflammation induced by several
environmental factors such as smoking and infections lead to a systemic autoimmune response that
causes a local inflammatory response in joints, infiltration of immune cells and release of cytokines.
It is hypothesized that because of the similarities between native and the infectious agents’ proteins
leads to antibodies attacking the host organism as well.

Allergic asthma: A complex, chronic inflammatory disorder associated with inappropriate immune
response and inflammation in conducting airways involving a decline in airway function and tissue
remodeling.
Chronic obstructive pulmonary disease (COPD): An obstructive lung disease, develops as a chronic
inflammatory response to inspired irritants and characterized by long-term breathing problems.
Alzheimer's disease: In older adults, chronic low-level inflammation is linked to cognitive decline and
dementia.
Chronic kidney disease (CKD): Low-grade inflammation is a common feature of chronic kidney disease.
It can lead to the retention of several pro-inflammatory molecules in the blood and contributes to
the progression of CKD and mortality.
Inflammatory Bowel Disease (IBD): is a group of chronic inflammatory disorders of the digestive tract.
It can develop as ulcerative colitis causing long-lasting inflammation and ulcers in the lining of large
intestine and rectum or Crohn's disease characterized by inflammation of the lining of digestive
tract dispersing into affected tissues such as mouth, esophagus, stomach, and the anus.
How to spot chronic inflammation
Unfortunately, there are no highly effective laboratory measures to assess patients for chronic inflammation
and diagnoses are only undertaken when the inflammation occurs in association with another medical
condition (Pahwa 2020). The main tests used are:
The two blood tests that are inexpensive and good markers of systemic inflammation include
high-sensitivity C-reactive protein (hsCRP) and fibrinogen. High levels of hs-CRP indicate inflammation,
but it is not a specific marker for chronic inflammation since it is also elevated in acute inflammation
resulting from a recent injury or sickness. The normal serum levels for hsCRP is less than 0.55 mg/L
in men and less than 1.0 mg/L in women. The normal levels of fibrinogen are 200 to 300 mg/dl. SAA
(Serum Amyloid A) can also mark inflammation but is not a standardized test.
Detecting pro-inflammatory cytokines like tumor necrosis factor-α (TNF-α), cytokin-1 β (IL-1β), cytokin-6
(IL-6), and cytokin-8 (IL-8) is an expensive method but may identify specific factors causing chronic
inflammation. The assays are not standardized like hs-CRP.
Independent of its direct measurement, it can be assumed that chronic inflammation is present when
any non-transmissible chronic condition is also present.
Some of the common signs and symptoms that develop during chronic inflammation are listed below.
Body pain, arthralgia, myalgia
Chronic fatigue and insomnia
Depression, anxiety and mood disorders
Gastrointestinal complications like constipation, diarrhea, and acid reflux
Weight gain or weight loss
Frequent infections

Possible causes
Chronic inflammation can result from different reasons. One key common element upstream of every
inflammatory process is the maintained increase of intracellular Ca2+ from which many mechanisms
responsible for cell damage depend on, such as production of free radical molecules, mitochondrial
dysfunction, inflammasome activation and arachidonic acid generation from the plasma membrane,
which can finally lead to cell death (Willebrords, 2016). Since so many processes are involved, biased
approaches such as the use of NSAIDS provide only partial protection, which coupled to long-term secondary effect issues do not provide a suitable solution.
Several risk factors promote a low-level inflammatory response. These include (Pahwa 2020):
Age and sedentarism: Increasing age and sedentarism are positively correlated with elevated levels
of several inflammatory molecules. The age-associated increase in inflammatory molecules may be
due to mitochondrial dysfunction or free radical accumulation over time and other age-related
factors like an increase in visceral body fat.
Obesity: Many studies have reported that fat tissue is an endocrine organ, secreting multiple
adipokines and other inflammatory mediators. Some reports show that the body mass index of an
individual is proportional to the amount of pro-inflammatory cytokines secreted. Metabolic
syndrome typifies this well.
Diet: Diet rich in saturated fat, trans-fats, or refined sugar is associated with higher production of
pro-inflammatory molecules, especially in individuals with diabetes or overweight individuals.
Smoking: Cigarette smoking is associated with lowering the production of anti-inflammatory
molecules and inducing inflammation, likely due to the formation of modified (oxidized) proteins
and/or carbohydrates which would be recognized as foreign and generate an autoimmune response.
Low Sex Hormones: Studies show that sex hormones like testosterone and estrogen can suppress
the production and secretion of several pro-inflammatory markers and it has been observed that
maintaining sex hormone levels reduces the risk of several inflammatory diseases.
Stress and Sleep Disorders: Both physical and emotional stress is associated with inflammatory
cytokine release. Stress can also cause sleep disorders. Since individuals with irregular sleep
schedules are more likely to have chronic inflammation than consistent sleepers, sleep disorders
are also considered as one of the independent risk factors for chronic inflammation.
Treatment / Management
Many dietary and lifestyle changes may be helpful in removing inflammation triggers and reducing chronic
inflammation as listed below:
Drugs
To date, different pharmacological strategies have been used in the management of metabolic diseases,
including metformin, Glucagon-like peptide-1 receptor (GLP-1) agonists, amphetamine derivatives, and
melanocortin-4 receptor agonists. Nevertheless, the use of these drugs is frequently problematic due to
their side effects, such as dryness in the mouth, headaches, insomnia, and nausea, which are generally
mild-to-moderate in intensity and wane if the therapy is prolonged. In general, these treatments show
poor tolerability and lack of efficacy long-term (Glandt 2011). Experimentally, the use of blockers for non
selective calcium channels has avoided the development of unwanted inflammatory degenerative process
but are not available yet for human consumption, except from Peumus boldus extract (Sáez 2020).

Diet
Despite a growing awareness for the health benefits of an anti-inflammatory diet, a single universal
definition does not exist. In recent research, the Mediterranean and Okinawan diets have been identified
as dietary patterns with anti-inflammatory properties. As a result, the most commonly used definition of an
anti-inflammatory diet currently incorporates aspects of both the Mediterranean diet and the Okinawan
diet, in addition to recommendations for balancing macronutrient ratios.
An anti-inflammatory diet should not be prescribed according to its isolated components. Moreover, a truly
integrative anti-inflammatory approach to nutrition will focus on eating mindfully and in caloric balance to
help decrease obesity.
Below the main guidelines for an anti-inflammatory diet (Ricker 2017):
High consumption of vegetables: large diversity, including variety of colors to increase
phytonutrients
Plant sources of protein: legumes, soy, nuts, and seeds
More fatty fish and some lean animal protein
Whole grains in small amounts, high fiber, reduced refined carbohydrates
Olive oil for added fat source
Spices: turmeric, garlic, ginger, and other anti-inflammatory herbs and spices
Mindful eating approach; quality over quantity
Supplements
Antioxidant vitamins and minerals
Oxidative stress plays an important part in the onset and persistence of chronic inflammatory processes
which can damage blood vessels and other tissues in the long term: a high concentration of oxygen radicals
(ROS) leads to activation of several pro-inflammatory enzymes. Antioxidant micronutrients can bind and
neutralize oxygen radicals –especially when acting synergistically– and thus combat the initiation of
inflammation (Hui 2012).
Notable micronutrients with known anti-antioxidant, immunomodulatory and antiinflammatory activity
are Zinc, Selenium, Vitamin C, Vitamin E and Vitamin D.
Carotenoids
The anti-inflammatory activity and effects on the immune system of carotenoids, especially beta-carotene,
has been well studied. In several studies, high blood beta-carotene levels were associated with lower
concentrations of inflammatory parameters (e.g. C-reactive protein, CRP) and leukocytes (van
Herpen-Broekmans 2004).
Flavonoids
Flavonoids appear to be able to inhibit the production of pro-inflammatory cytokines (TNF-α and IL-6) and
other mediators of inflammatory reactions, as well as sensations of pain, via direct inhibition of specific
proteins. Human studies into the effects of flavonoids have been rare, and most of them investigated

increased consumption of flavonoid-rich food rather than individual substances (Song 2005, Bogani 2007).
Phytosterols
Clinical trials confirmed the anti-obesity effects of phytosterols and their association with the improvement
of the chronic inflammation condition in patients with obesity. In a cross-sectional study of 409 men and
503 women in China, high dietary phytosterol intake was found to be associated with low body mass index
(BMI) and overweight/obesity and abdominal obesity and lower prevalence of overweight/obesity (Li
2018).
This findings have been further confirmed in clinical studies and animal experiments showing that sitosterol
prevents obesity-related chronic inflammation by reducing circulating TNF-α and IL-6; These results
suggest that sitosterol might be somehow involved in the pathogenesis of chronic inflammation, especially
in diabetic subjects (Kurano 2018).
Omega 3
In general, omega 3 treatment with doses ranging from 300 to 1.800 mg for 6 weeks to 5 months showed
no effects on the inflammatory markers IL-6, TNF-α, and CRP/hsCRP in healthy subjects. This is somehow
expected as healthy persons were characterized by low plasma concentrations of inflammatory markers to
be included in those studies. Conversely, in obese women who received a combined omega 3 dose of 1750
mg daily and in elderly receiving a lower dose of 1200 g/day for 6 months, omega 3 treatment reduced
endothelial and systemic inflammatory markers including hsCRP, IL-6 and TNFα.
The level of evidence for an anti-inflammatory effect in a systemic inflammatory disease, such as chronic
renal failure with/without renal replacement therapy is less solid. No effect was seen on CRP in 5 intervention
trials using omega 3 doses ranging from a minimum of 900 mg to a maximum of 3360 mg EPA and DHA for
8 weeks up to 4 months and compared with placebo.
Despite different omega 3 doses ranging from 900 mg EPA to ~3.918 mg EPA and DHA, and different duration of treatment from 12 weeks to 9 months, no effects were seen on inflammatory status or oxidative
stress in patients with different metabolic disorders, including T2DM and the metabolic syndrome. For
some of these reports, study design might have offset potential anti-inflammatory effects of omega 3 fatty
acids, including concomitant use of statins and/or ACE, low sample size/study group and administered
dose (<1 g) (Stella 2018).
Conclusion
Lifestyle interventions consisting of restricted energy intake and more physical activity have been
shown to improve metabolic and cardiovascular functions in obesity-affected subjects. Nonetheless, most individuals do not adhere to such interventions, thus emphasizing the need for other
treatment modalities. Thus, due to the poor tolerability and lack of efficacy of the drug treatments
used, along with the high costs of some of these drugs, there is currently considerable interest in
investigating and developing option for natural products (Vezza 2020). These include supplements
such as omega 3, Carotenoids and Phytosterols.
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