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Abstract

Cardiac injuries, like heart attacks, drive the secondary pathology with advanced heart failure. In
this process, non-resolving inflammation is a prime component of accelerated cardiovascular
disease and subsequent fatal events associated with imbalanced diet, physical inactivity, disrupted
circadian rhythms, neuro-hormonal stress, and poly- or co-medication. Laboratory rodents have
established that splenic leukocyte-directed resolution mechanisms are essential for cardiac repair
after injury. Here, we discuss the impact of three life-style related factors that are prime causes of
derailed cardiac healing, putative non-resolving inflammation-resolution mechanisms in
cardiovascular diseases and progressive heart failure after cardiac injury. The presented review
resurfaces the lifestyle-related risks and future research directions required to understand the
molecular and cellular mechanisms between the causes of cardiovascular disease and their related
consequences of non-resolving inflammation.
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1. One Dimensional View of Cardiovascular Disease and Heart Failure

Cardiometabolic risk-enriched lifestyles including an imbalance of nutrition, physical
inactivity or overactivity, disturbed sleep/wake cycles, high stress environments or jobs, and
increased use of medications are major contributors to different cardiovascular diseases,
including heart failure (HF). HF is one of the major causes of cardiovascular morbidity and
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mortality in western countries and worldwide [1]. Approximately 1-3% of the population is
diagnosed with a heart disease, and one in five people will develop HF during their lifetime,
increasing in risk with age [2, 3]. The incidence of patients suffering from HF with
preserved ejection fraction (HFpEF) relative to HF with reduced ejection fraction (HFrEF) is
increasing at a rate of 1% per year, leading to increased hospitalization [4]. A one-
dimensional view of HF is classified into three types: 1) Atrophic HF, 2) Ischemic HF, and
3) Non-ischemic HF [5]. Atrophic HF is common in prolonged bedrest patients and
astronauts due to the muscular atrophy caused by the absence of movement or a gravitational
pull on bones and muscles during time spent in space; which leads to biochemical and
structural changes of muscle fibers, decreasing muscle size and increasing protein
degradation, driving a decrease in heart function [6, 7]. Ischemic HF, commonly associated
with coronary artery disease, is caused by a build-up of plaque that restricts oxygen and
blood flow, inducing a heart attack and leading to HF [8]. Non-ischemic HF is commonly
caused by an underlying medical condition, such as obesity or hypertension, and often is
associated with diseases affecting other organs [9-11]. The multi-dimensional, multi-
factorial, and multi-organ MOGE(S) cardiomyopathies classification is introduced for
precise classification and treatment of HF patients [12, 13]. HF is the end stage of heart
disease pathology in humans, beginning with endothelial dysfunction, then progressing to
plague formation, hypertrophy and/or hypertension, atherosclerosis, coronary artery disease,
myocardial infarction, stroke, arrhythmias, atrial fibrillation, sudden cardiac death, and
cardiac arrest [14, 15] (Figure 1).

2. Cardiac Inflammation-Resolution Mechanisms after Myocardium Injury

Traditionally, inflammatory responses were believed to only be associated with injuries and
germs (infection); now, in the 215t century, we know there are various sources of
inflammation that change depending on the individual and their lifestyle (Figure 1). With
revised sanitization practices and the development of antibiotics, germs are not considered a
major contributor to cardiovascular disease, unless the immune system is compromised or an
infection is acquired due to hospitalization or aging. Inflammation in HF may be triggered
by wall stress, signals released by infarct-induced or hypotrophy-related stressed
malfunctioning, or dead muscle cells secondary to HF [16, 17]. In response to an injury
during inflammation, cytokines, chemokines, and eicosanoids, such as tumor necrosis factor
(TNF-a), interleukin (/L-1p, /L-6), CCL2, and leukotrienes, are elevated to initiate the
infiltration of polymorphonuclear neutrophils (PMNSs) to the site of injury [18, 19]. Along
with initiation of acute inflammation, the resolution of inflammation is also triggered to
monitor and regulate the time-dependent inflammation process, which is critical for
maintaining tissue homeostasis [20, 21]. Apoptotic PMNSs attract macrophages to the site of
injury to limit neutrophil activity. If PMN infiltration remains unchecked or if there is a
prolonged persistence of inflammatory triggers at the site of injury, it can create a negative
feedback loop, inducing non-resolving and chronic inflammation [22]. This kind of non-
resolving and chronic inflammation is common when obesity is superimposed on aging and
can lead to multi-organ failure [23]. It has been discovered that in healthy individuals,
leukocytes continuously monitor for threats by “crawling” on the luminal side of the
endothelium [24, 25]. Once a threat is detected, these patrolling monocytes release

Heart Fail Rev. Author manuscript; available in PMC 2021 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Pullen et al.

Page 3

intracellular components, such as DAMPs, or damage associated molecular patterns, to alert
neutrophils and initiate an immune response [24, 26]. Once the threat has been eliminated,
the body initiates an active process to limit neutrophil infiltration, including the production
of lipoxins, for the resolution of inflammation, ensuring minimal tissue damage [24]. One of
these lipoxins, LXAy, increases the migration of monocytes to the site of inflammation and
inhibits neutrophil activity to aid in their removal [24, 27].

Aging is one of the primary risk factors for HF and humans are five times more likely to
develop HF as they age into their 70s and 80s [28]. The likelihood of HF rises from 1.9% of
men and 1.4% of women at 40 to 59 years, to 14.7% of men and 12.8% of women at 80+
years [28]. This could be attributed to the decline of tissues, organs, and bodily functions
that are associated with age [29]. Cardiac myocytes increase in size and become
hypertrophic as an individual ages [29]. During chronic, inflammatory conditions, like in
aging patients, the infiltration of neutrophils is weakened, there is a delayed in the initiation
of chemokines and cytokines, and there is an upregulation of pro-inflammatory leukocytes
(CD11b*/F4/80%/Ly6CNi9N that leads to defective cardiac healing and, therefore, non-
resolving inflammation [29, 30]. After MI (myocardial infarction; heart attack) in an elderly
patient, aged fibroblasts are less effective in permeating the infarcted area, resulting in larger
infarcts, HF, and increased mortality [28].

In a clinical setting, cardiovascular disease is studied as the pathophysiological changes of
the coronary artery and left ventricle (LV) [31]. This myocardium centric approach focuses
on the patient initially developing signs of endothelial dysfunction and, with sustained,
unhealthy lifestyle choices, differential stages of atherosclerosis with hypertension (Figure
1). In most patients, the MI event most likely occurs because of an inter-organ, systemic,
pro-inflammatory environment, unstable plaque, and lifestyle-related other universal risk
factors, like aging (Figure 2) [10]. In contrast to atherosclerotic or HF patients, the majority
of laboratory experiments are performed in essentially healthy, adult rodents (mice/rats) or
large animals, like rabbits and pigs, which are continuously monitored and regulated for
optimal health (Figure 2). The result of this continued monitoring is no mortality after
reperfusion in rodents (except peri-operative mortality); however, the mortality rate of
humans is more than 40-50% within one year, with or without reperfusion [1]. Post-MI, 50—
60% mice survive end-stage HF without physiological discomfort despite advanced,
irreversible fibrotic remodeling, and extensive wall-thinning [32]. This could be attributed to
laboratory rodents ability to streamline splenic leukocytes and produce specialized pro-
resolving mediators (SPMs), such as resolvin (Rv) D1, RvD3, RvD4, RvD5, RvD6, AT-
RvD1, PD1, maresin (Ma)R1, 7S,14S-diHDHA and 4S,14S-diHDHA, at the site of injury
effectively post-MI [33-36]. Certain strains of monogenic and polygenic adult mice are able
to biosynthesize differential bioactive resolving mediators (cypoxins), thereby improved
cardiac healing, limited heart dysfunction, and increased survival [37-41].

Unresolved inflammation morphing into chronic inflammation can lead to HF and might
present as ischemic, viral heart disease, hypertensive heart disease, or secondary to obesity
and diabetes [42, 43]. Prolonged inflammation to the site of injury in acute sustained
coronary occlusion in ischemic HF causes irreparable damage to the cardiomyocytes and
disruption in heart remodeling [32, 44]. Several studies showed that chronic over-activation
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of inflammatory networks could result in hypertrophy and eventually, with a relatively
higher degree of inflammation, HF [43]. Chronic inflammation along with comorbidities
like diabetes, obesity, and hypertension-mediated endothelial dysfunction overlap with
atherosclerosis and can lead to progressive HF [42, 45].

3. Obesity-mediated Immune Dysfunction and Non-resolving Inflammation

Obesity, recognized by an increase of adipose tissue and fat mass, is described as chronic,
low-grade, mild inflammation. Fat is essential for maintaining the metabolism and various
bodily functions, such as the integumentary and reproductive systems, but, at increased
levels, can become a primary cause of obesity and non-resolving inflammation [46-51]. The
World Health Organization (WHO) determined people can be divided into four categories,
based on body mass index (BMI): underweight (15-19.9), normal (20-24.9), overweight
(25-29.9), and obese (30-35+). The International Obesity Task Force divided obesity further
to include pre-obesity, or overweight, (25-29.9), class | obesity (30-34.9), class Il obesity
(35-39.9), and class Il obesity (40+) [52]. The International Diabetes Federation and WHO
have said that of the approximately 600 million individuals suffering from obesity, 370
million people are also diagnosed with Type 2 Diabetes [53-56].

Since obesity is often paired with Type 2 Diabetes, insulin resistance can play a role in the
accumulation of inflammation. Fat, particularly saturated fatty acids, commonly found in
butter, increases the risk of insulin resistance and inflammation via diacylglycerol-mediated
activation of protein kinase C and activation of toll-like receptors in humans [57]. It has been
suggested that various adipose tissue macrophages (ATMs) existing in the same area within
the body cause the inflammation associated with obesity in humans [58]. Adipose tissue is
partially composed of activated immune cells, aiding in both inflammation activation and
inhibition [59]. Increased adipose tissue, which is present during obesity, promotes
inflammation, leading to adverse adipose function and remodeling [10, 59].

The overconsumption of a additive/preservative-enriched, packaged, processed, frozen,
premade canned, and fried foods combined with a sedentary lifestyle is believed to be, at
least in part, an underlying reason for the widespread obesity epidemic and HF in young
individuals [9, 54, 60]. The belief that overconsumption of food leads to obesity was
recently broken down to discover if protein, carbohydrates, or fat would lead to an increase
in body weight in laboratory rodents. Hu et al. found that a diet high in fat content, not
carbohydrates or sugar, caused an increase in the body weight and obesity of laboratory mice
[54]. A study using mice with MI found that when obesity is superimposed on aging, there
are dysregulated levels of COX-2, 5-LOX, and HO-1 enzymes within the injured heart,
causing increased inflammation and reduced resolution resulting in adverse remodeling and
chronic inflammation [23]. Humans with a BMI within the range of obesity (30+), have a
higher risk of developing hypertension, coronary artery disease and stroke [61].
Hypertension has been associated with obesity because of the need for increased blood
volumes and cardiac outputs to compensate for the increased size of affected individuals
[61]. Individuals suffering from obesity have also been shown to have an increase in the
secretion of angiotensinogen from fat cells, causing increased blood pressure resulting in
hypertension [61]. Systemic insulin resistance can be caused by a reduction of insulin
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activities in visceral white adipose tissue (WAT) after prolonged and continuous activation of
both the stress and inflammation pathways [62]. This alteration has been associated with
changes in both innate and adaptive immune cells within the WAT [62]. Innate immune cells
as neutrophils, reparative M2 macrophages with impairment in activation, such as a
myeloid-specific deletion of peroxisome proliferator activated receptor-y (PPAR-y), PPAR-
8, or Kruppel Like Factor 4 (KIf4), and inflammatory macrophages (Ccr2*Ly6CM) migrate
into WAT and promote adipose tissue inflammation and insulin resistance [62]. Neutrophils
via secretion of elastase augment adipose tissue inflammation and insulin resistance [62]. In
the conditions within obese individuals, adaptive cells, such as Treg’s (T-cells), are relatively
higher in the WAT compared to spleen and lymph nodes [62]. These adaptive cells express
the adipogenic transcription factor PPAR~y and can lead to adipose tissue inflammation and
insulin resistance when inhibited [62]. Obesity superimposed on aging can have a negative
impact on the resolution of inflammation from both internal and external sources, caused by
the combination of excess abdominal adipose tissue and these altered cellular functions [61,
62]. This adverse effect can aid in the promotion and continuation of heart damage and
disease.

4. Role of Action and Inaction in Cardiovascular Disease

Exercise is commonly considered a beneficial activity for both cardiovascular and overall
health. In humans, light physical activity has been shown to positively affect cholesterol
levels, improve cardiac rhythms, and lower blood pressure [63, 64]. There is, however, a
‘sweet spot’ that outlines the amount of exercise needed to obtain optimal health benefits.
Based on the current literature, this ‘sweet spot’ for the average person has been found to be
75 minutes of strenuous exercise or 150 minutes of moderate exercise per week [65]. The
effects of going over, or under, this range of time has been shown to increase the risk of
cardiovascular disease, coronary heart disease, type 2 diabetes, insulin resistance,
arrhythmias, and even death [65-69].

Individuals who do not exercise are at a higher risk for mortality and weight gain compared
to their active counterparts [61, 70]. Insufficient exercise is associated with adverse LV
remodeling and diastolic dysfunction [71, 72]. Physical inactivity can change the secretion
of myokines from skeletal muscle, causing the body to become immune to their effects [66].
Lifestyle or work-related inactivity can cause issues in the balance of myokines normally
secreted during exercise, resulting in inflammation [66]. Extensive sedentary activities, such
as sitting, have been shown to disrupt the normal production of lipoprotein lipase and leads
to an increase in the levels of sugars and fatty acids within the bloodstream [73]. This
elevation can also create an increase in the inflammatory profile of C-reactive protein (CRP)
and leukocytes mediators, which can cause endothelial dysfunction [73].

On the other end of the spectrum, too much physical activity can result in burst of dormant
coronary artery plaque and sudden cardiac death in athletes over the age of 35,
predominately males [74]. These athletes are more likely to participate in frequent, rigorous
activities which cause their increased risk [74]. The risk of developing an illness increases
with frequent, rigorous physical activity without adequate rest periods, also known as
“overtraining” [75]. During physical activity, there is an increase in the number of
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neutrophils and monocytes present within the body; during the rest, or recovery, period, the
number of circulating leukocytes decreases [75]. High-intensity, interval exercise has been
shown to negatively affect the leukocyte, lymphocyte, and neutrophil numbers during the
physical activity and immediately after [76]. This change could be the cause of increased
stress, both hormonal and metabolic, after high-intensity exercise [76]. It is important to find
a healthy balance between exercise and recovery to ensure optimal health of the heart, mind,
and body.

5. Influence of Sleep and Wake Cycle on Cardiac Health

The sleep and wake cycle, or the circadian rhythm, is vital for maintaining overall health.
The circadian cycle ensures the body’s organs are functioning properly by regulating energy
storage, cardiac output, heart rate, and blood pressure around a specific ‘time-of-day’ pattern
[63, 77, 78]. Frequent disruptions of the circadian cycle could result in stress to the body,
which can trigger a neuroendocrine and metabolic response [79]. This response could cause
a spike in the levels of hormones normally secreted from the adrenal gland, activating the
sympathetic nervous system [79]. Continuous activation of the sympathetic nervous system
can create suppression of thyroid-steroidal hormonal axis, leading to metabolic disturbances,
obesity, and hypertension, which can increase the risk of heart disease [79]. Numerous genes
focus on the circadian cycle and regulating bodily functions based on the time-of-day,
including Brain and Muscle ARNT-Like 1 (BMALZ1) and Circadian Locomotor Output
Cycles Kaput (CLOCK), two circadian cycle transcription factors. BMALL1 plays a role in
metabolism, inflammation-resolution, and signaling of the heart and CLOCK is involved in
contractile function and ischemia/reperfusion tolerance [77, 80, 81]. Genetic deletion of
BMAL1 or CLOCK in mouse cardiomyocytes or other tissues increases the risk of
cardiovascular disease [77, 80].

Working the ‘night shift,” which disrupts the typical sleep-wake pattern, can result in
alterations in the cardiometabolism and arterial pressure [82]. Long-term “shift workers”
have an increased risk of hypertension and myocardial infarction which can lead to
cardiovascular disease [82, 83]. Prolonged disruption of the circadian cycle can cause an
increase in the number of pro-inflammatory macrophages, driving inflammation and, as a
result, cardiovascular disease [84]. In typical situations, immune cells, such as hematopoietic
stem and progenitor cells (HSPCs), and a majority of mature leukocytes, are most active
during the night, or the ‘rest period’ and least active during the day, or the “active period’
[85]. In certain situations, exposure to a dietary or pharmaceutical allergen at the beginning
of the “active period’ can result in the immune system over-activating, increasing the
likelihood of a negative outcome, such as death [85]. In laboratory rodents, alterations of
sleeping patterns have shown to affect the levels of consumption and activity, which disrupts
the metabolism of laboratory rodents, leading to obesity [86]. Individuals working the “night
shift,” on average, are considered at an increased risk for overeating, obesity, type 2
diabetes, high blood pressure and glucose, and psychosocial stress, increasing the likelihood
of developing heart disease [87, 88].
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6. Stress and Heart Health

Recently, psychological stress has been more closely examined for potentially negative
implications on human health. In today’s society, stress is widespread and comes in many
forms including, but not limited to: financial strains, marriage or divorce, workplace
deadlines and hours, depression, anxiety, social pressures, personality traits, and grief [89].
Stress can be acute, episodic, or chronic. According to the Centre for Studies on Human
Stress (CSHS), acute stress is a release of hormones due to new or important events and
situations and chronic stress occurs when these hormones are continually triggered to be
released [90]. Stress causes the activation of hormones, such as corticosterone, epinephrine,
and norepinephrine, that control the migration of lymphocytes, neutrophils, and monocytes
[91]. Different body mineral levels affected by continual activation of stress hormones, such
as salt, water, and cholesterol, can also increase the risk of a cardiac event [90]. These
hormones can also cause an increase in blood pressure and heart rate, which, when activated
chronically, could also be a cause for the escalated risk of a cardiac event [92].
Psychological stress has been linked to myocardial infarction (MI), hypertension, stroke, and
atherosclerotic disease, which increase the risk of CVD [93]. A study involving 600,000+
individuals from the United States, Europe, and Japan found evidence to suggest a high-
stress work environment, i.e. job insecurity, increased pressure, and long hours, can escalate
the risk of employees to develop coronary heart disease and stroke by 10-40% [94]. About
20% of patients suffering from coronary artery disease or cardiovascular disease are
depressed, which is nearly three times higher than the general population [95]. Prolonged
stress can cause stress-induced heart disease clinically known as Takotsubo cardiomyopathy
and has a mortality rate comparable to acute coronary syndrome [96, 97].

7. Proresolution Pathways, Nutritional, and Dietary Supplements

To treat non-resolving inflammation and improve cardiac health, emerging proresolution
pathways for cardiovascular diseases under intense development and is novel frontier in
resolution physiology [98-103]. With an increased focus on personal health, nutritional and
dietary supplements have become more prevalent, with 6% rise per year through 2018 [104].
These supplements most often include multivitamins, Vitamin D, fish oil, probiotics, and
coenzyme Q10 (CoQ10) [104]. Although there is no definitive evidence that multivitamins
aid in the prevention of cardiovascular disease, there is an increase in the death rate of non-
vitamin users compared to individuals who consume multivitamins regularly [104]. Vitamin
D is most closely associated with thrombosis, but it has been discovered that insufficient
levels of Vitamin D can increase the likelihood of cardiovascular disease, diabetes, multiple
sclerosis, and cancer [104]. Fish oil and other -3 fatty acids have shown to improve
cardiac health, endothelial function, exercise tolerance, and cognitive function and have anti-
arrhythmic, anti-thrombotic and anti-inflammatory effects [105, 106]. A study involving
11,324 individuals who experienced an M1 within three months recorded a 41% decline in
mortality and a 53% decline in sudden cardiac death (SCD) with the supplementation of fish
oil into their daily routines [105]. Probiotics became popular because of their range of
proposed contributions to health, including improved blood pressure, digestion, lipid
metabolism, and immune system function and decreased cancer risk [104]. Despite these
potential benefits, most of the benefits focusing on cardiovascular disease have been
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discovered using in vitro studies, so the exact contributions to blood pressure reduction and
lipid metabolism are still unknown [104, 107]. A deficiency of CoQ10 has been associated
with an increase in cardiac events and death, and a decrease in heart function [104, 108].
More research is needed to adequately determine the benefits of dietary supplements and
their effect on cardiovascular disease before they can be definitively used as a means of risk
reduction.

8. Non-Resolving Therapeutics

Use of more than one pharmaceutical agent is obvious in non-resolving inflammation and
multi-organ chronic health conditions particularly in the older population [103, 109-111].
Pain limiting agents, such as nonsteroidal anti-inflammatory drugs (NSAIDs), are mainly
COX inhibitors that have been used for decades as an analgesic and anti-inflammatory
agents. However, because of the adverse effects caused by NSAIDs, they should be
cautiously administered to patients diagnosed with HF [112, 113]. NSAIDs exacerbate the
risk of hospitalization approximately four times in chronic HF patients [114]. Recently, it
was discovered that the subacute treatment of carprofen before MI in mice caused pre-
activation of neutrophils and increased expression of CD47 (the ‘don’t eat me’ signal) on
neutrophils, leading to a neutrophil swarming in the spleen and heart, driving non-resolving
inflammation [115]. High doses of NSAIDs (ibuprofen (>1200 mg/day), naproxen (>750
mg/day), and rofecoxib (>25 mg/day) increase the likelihood of myocardial infarction after
subacute exposure (1 week) and are exceptionally harmful after prolonged exposure (1
month) [112]. Canakinumab, recently marketed to limit single cytokine /-1 (out of total
33 cytokines), increases the cases of fetal infection after prolonged treatment, suggestive of
immune suppression rather than anti-inflammatory benefits [116]. Even aspirin, the most
commonly recommended over-the-counter drug for preventing cardiovascular disease,
increases the risk of major hemorrhaging and fails to lower the risk of cardiovascular
disease, particularly in elderly patients [117]. Other drugs that are used in disease treatments
can also induce HF. Cancer therapies can cause a variety of cardiac issues, including
ischemia, cardiomyopathy, HF, myocarditis, arrhythmias, vascular disease, hypertension,
and hyperlipidemia [118]. An anti-cancer drug, doxorubicin, causes dysregulation of the
lipoxygenase (LOX) and cyclooxygenase (COX) pathways leading to splenic contraction
and cardiac cachexia in mice [119]. Anti-diabetic drugs like sulphonylureas, glitazones, and
some DPP4 inhibitors cause an increased risk of HF in patients with type 2 diabetes [120].
Amphetamines induce critical coronary artery stenosis, ischemia, hypoxia and myocardial
necrosis [121]. Long term exposure of amphetamines results in arterial blood pressure
elevation, resulting in damage to the blood vessel endothelium and myocardial infarction at
the anterolateral wall of the heart [122]. Therapeutics having unclear immunometabolic
profiles that directly or indirectly interfere with LOX and COX pathways alter the
inflammation-resolution axis, contributing to defective remodeling of the heart [115]. More
than century old safe medicine, aspirin failed to lower risk of cardiovascular disease
mortality in aging adults and in fact significantly elevated the risk of major hemorrhage
compared to placebo controls [117, 123, 124].
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9. Future Perspectives

Based on diversified and idiopathic sources of inflammation, such as an imbalance of
nutrient intake and energy expenditure and disruptions to the sleep/wake cycle, possible
causes of non-resolving inflammation in HF can be attributed to human metabolic evolution
or the over-use of labor-saving technology. This expansion of technology and consequential
luxury has divided the future perspective of HF syndrome and inflammation management
into four different categories: prevention, prognosis, precision, and personalization.

1. Identify wearable or continuous monitoring Prevention strategies that will help
to balance the diet, energy expenditure, and circadian rhythm while maintaining
the quality of life to help limit lifestyle-related low-grade, chronic inflammation,
and subsequent cardio-metabolic diseases.

2. Discover the Prognostic or diagnostic molecular or cellular markers that will
help to define both non-resolving and resolving inflammation and the
classification of cardio-metabolic diseases.

3. Precise management of any dysregulated factor (diet, physical over-activity or
under-activity, and/or circadian rhythm) would limit the possible causes of
cardio-metabolic pathologies.

4. Identify the Personalized requirements of various individuals, depending on sex,
ethnicity, and environment to accurately define cardio-metabolic risk factors that
will aid within the prevention strategy.

10. Conclusion

Non-resolving and chronic inflammation is an enormous cause of cardio-metabolic health
issues impacting patients across a wide spectrum of ages, from womb to tomb, due to the
burden of cardiovascular diseases. Balancing the everyday lifestyle-related primary risks by
precise alignments of diet, daily action-based energy expenditure, and circadian routines
would help to prevent the adverse consequences of non-resolving inflammation and
cardiovascular diseases. With advancements in antibiotics and sanitization techniques, low-
grade, chronic inflammation sources have varied. We propose the primary causes of low-
grade chronic inflammation and related consequences leading to non-resolving
inflammation-related cardiovascular diseases and end-stage HF. Future research that focuses
on the alignment of these causes of non-resolving inflammation for the prevention of early
cardiovascular diseases therefore is necessary to reduce the number of deaths associated
with HF.
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Figure 1. Change of historical and short-term inflammation perspectives to the current view of
lifestyle related non-resolving and chronic inflammation in cardiovascular diseases and heart
failure.

Historically, inflammation was thought to be caused by germs or work related injuries and a
vaccination or a simple round of antibiotics was all that necessary for resolution or cure.
Now, we know that inflammation can be caused by a variety of lifestyle choices, including
unbalanced nutrition, lack of physical activity, and disturbed sleep. If life style-related
inflammation is left unresolved, it can become uncontrolled and morph into chronic
inflammation. This process of amplified inflammation is relatable to coronary artery disease
by the development of dysfunctions and overlapping symptoms that can build a pro-
inflammatory environment and lead to heart failure syndrome.
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Figure 2. Differential perspectives of cardiac healing in mice and humans after myocardium
infarction (MI) leading to the progressive development of heart failure syndrome.

In humans, chronic diseases are developed over months, years, and decades of lifestyle
related choices, neuro-hormonal stress, and consequences. Laboratory rodents, such as mice
that are subjected to myocardial infarction surgery in order to replicate human heart failure
over the course of minutes to days. Cardiac healing is optimal in mice due to absence of risk
factor for heart disease. Optimal cardiac healing is facilitated by lipoxygenase (LOX)
enzymes with biosynthesis of specialized pro-resolving mediators (SPMs) at the site of
infarction. If mice are introduced to setting of diet-induced obesity, aging, co-medications
like NSAIDs (nonsteroidal anti-inflammatory drugs), or combinations of these risk factors,
cardiac healing is impaired leading to non-resolving inflammation with dysregulation of
LOXs. Likewise, in age-related obese individuals and/or co-medications perturb healing
marked with non-resolving inflammation. This inability to heal after cardiac injury is
associated with amplified non-resolving inflammation and chronic heart failure.
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