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Abstract: Subclinical inflammation was first shown in numerous chronic medical illnesses and in the early 1900s, activation of
immune-inflammatory  pathways  was  initially  observed  in  a  lifestyle-related  disorder  such  as  depression.  A  chronic  mild
inflammatory state is also a key feature of obesity as well as insulin resistance and other metabolic diseases. This particular form of
immune process has given rise to the concept of “metaflammation” (metabolically triggered inflammation) because it can target vital
organs and tissues that are critical for the regulation of metabolism, and ultimately disrupt systemic homoeostasis with detrimental
health effects. However, accumulating evidence demonstrates a link between metaflammation and a number of lifestyle factors.
Lifestyle variables such as ultra-endurance exercise, physical inactivity, extremes of sleep duration, cigarette smoking, burnout,
anxiety, and depression can activate multiple immune-inflammatory pathways. Therefore, this review of the literature that bears
hallmarks  of  a  systematic  review investigates  and  presents  published  research  data  of  these  lifestyle  factors  that  can  induce  an
independent and persistent low-grade systemic inflammatory response, within the human body, evaluated through the measurement
of various biomarkers.
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Ultra-Endurance Exercise.

INTRODUCTION

Subclinical inflammation was first shown in numerous chronic illnesses, including cardiovascular disease (CVD),
multiple sclerosis,  rheumatoid arthritis,  systemic lupus erythematosus,  and diabetes [1 -  14].  However,  in the early
1900s,  disturbances  in  acute  phase  plasma  proteins  were  initially  detected  in  a  lifestyle-related  disorder  such  as
depression [15]. In addition, persistent activation of immune-inflammatory pathways is associated with an increased
risk  of  a  wide  spectrum of  medical  conditions  such  as  CVD,  atherosclerosis,  metabolic  syndrome,  arthritis,  type  2
diabetes, certain cancers, and functional decline [1 - 14]. A chronic mild inflammatory state is also a key element of
obesity as well as insulin resistance and other metabolic diseases [16]. This particular form of immune process has
given rise to the concept of “metaflammation” (metabolically triggered inflammation) because it can target vital organs
and tissues that are critical for the regulation of metabolism, and ultimately disrupt systemic homoeostasis [17].

Classical inflammation is defined as the protective, short-term immune response of the body tissues to irritation or
injury that eventually results in healing and a return to normal homoeostasis. Its cardinal signs include redness, heat,
swelling, and pain, usually accompanied by loss of function [18]. Compared to classical inflammation, metaflammation
increases the inflammatory markers only to a slight degree with ensuing chronic, rather than acute, allostasis; exerts its
effects systemically rather than topically; its antigens are less apparent as unknown agents; it is linked with a decreased,
rather than an elevated, rate of metabolism [19]; and, finally, it does not resolve a disease but most of its characteristics
tend to perpetuate disease [17 - 20].

There is a direct connection between increasing obesity and the incidence of obesity-related comorbidities including
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diabetes  and  hypertension  with  raised  levels  of  inflammatory  biomarkers.  These  biomarkers  comprise,  but  are  not
limited to, serum concentrations of C-reactive protein (CRP), fibrinogen [21], interleukin-6 (IL-6), and tumor necrosis
factor-alpha  (TNF-a)  [22].  Interleukin-4  (IL-4)  and  interleukin-10  (IL-10)  are  also  classified  as  anti-inflammatory
cytokines since they can lower the production of proinflammatory cytokines such as TNF-a and IL-6 [23]. The anti-
inflammatory properties of adiponectin, a protein hormone, have also been proposed [24, 25]. Plasma adiponectin levels
have been inversely related to insulin resistance [26, 27]. Adiponectin is chiefly synthesized in subcutaneous fat cells
and it is released primarily by adipocytes (fat cells), while inflammatory cytokines are secreted mostly from non fat
cells in adipose (fatty) tissue [28].

Growing  evidence  demonstrates  a  link  between  metaflammation  and  a  number  of  lifestyle  factors.  Health
practitioners from different  disciplines need to be aware of  the negative environmental,  psychological  and lifestyle
influences  in  order  to  collaborate  with  each  other  and  advise  their  clients  appropriately  to  diminish  and  avoid  the
detrimental effects on health, of this form of inflammation [29]. Lifestyle variables such as ultra-endurance exercise,
physical inactivity, extremes of sleep duration, cigarette smoking, burnout, anxiety, and depression can activate multiple
immune-inflammatory pathways. The primary aim of this literature review that bears hallmarks of a systematic review
is to explore and present published research data of these lifestyle factors that can induce an independent and persistent
low-grade systemic inflammatory response,  within the human body, evaluated through the measurement of various
biomarkers.

LITERATURE SEARCH METHOD

For the purpose of this review of the literature, the identification of research articles was conducted with the aid of
the EBSCOhost online research database service provided through Southern Cross University of Australia. Electronic
databases  including  the  AMED,  MEDLINE,  CINAHL  Plus  with  Full  Text,  PsycARTICLES,  PsycINFO,  and
SPORTDiscus with Full Text, were systematically searched for relevant articles. Multiple searches were performed
using Boolean operators with the following combinations of research terms, depending on the focus area of the topic:

•  Low-Grade  Systemic  Inflammation:  Low-grade/low  grade  systemic  inflammation,  low-grade/low  grade
 inflammatory  response/reaction,  metaflammation,  C-reactive  protein,  cytokine(s).

•  Ultra-Endurance Exercise: Ultra-endurance exercise, ultraendurance exercise, ultra endurance exercise, ultra-
marathon, ultramarathon, ultra marathon, triathlon.

•  Physical Inactivity: Physical inactivity, physical activity, sedentary lifestyle.

•  Extremes  of  Sleep  Duration:  Sleep  quality,  sleep  duration,  sleep  loss,  sleep  deprivation,  insomnia,  not
obstructive,  not  apnea/apnoea.

•  Cigarette Smoking: Cigarette smoking, smoking, cigarette smoke, adiponectin.

•  Burnout: Burnout, vital exhaustion.

•  Anxiety: Anxiety, anxious.

•  Depression: Depression, depressive, depressed.

The  above  keywords  were  thoroughly  scrutinized  within  the  abstracts  of  the  articles.  Hand-searching  was  also
performed using the reference lists of the retrieved articles for the identification of additional pertinent studies. Only
clinical trials reported in English language that recruited non obese and apparently healthy individuals, or if there was
convincing adjustment for these confounding factors, met the inclusion criteria for this review.

The literature search yielded thirty four original research studies and all of them were included in this review. These
articles can be grouped according to the focus of the search topic. Four clinical trials covered ultra endurance exercise
[30 - 33] while three were used for physical inactivity [34 - 36]. For sleep, six studies were collated [29, 37 - 41] while
five reported on cigarette smoking [42 - 46]. One article concentrated on burnout [47], one on anxiety [48], and thirteen
emerged  for  depression  [49  -  61].  Finally,  one  clinical  study  was  found  to  be  useful  because  it  enclosed  all  three
lifestyle factors such as burnout, anxiety, and depression [62].
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RESULTS

Ultra Endurance Exercise

Ultra endurance exercise is defined as any prolonged exercise that lasts for more than six hours (>6 h) in duration
[63]. During normal exercise, cytokines (e.g., IL-6) may be produced and discharged by contracting skeletal muscle
fibres, exerting anti-inflammatory actions in other body organs and areas against diseases associated with low-grade
inflammation  such  as  cardiovascular  disease,  some  cancers  and  type  2  diabetes  [64,  65].  TNF-a  synthesis  is  also
suppressed  by  exercise  offering  protection  against  TNF-a-induced  insulin  resistance  [65].  Yet,  an  ultra  endurance
exercise can create a stronger anti-inflammatory cytokine reaction. For instance, this type of reaction happened within
half an hour after a triathlon race where the cytokines interleukin IL-1, IL-6 and IL-10, heat shock protein 70 (HSP70)
as  well  as  IL-12p40  (the  p40  subunit  of  interleukin-12),  and  granulocyte  colony-stimulating  factor  (G-CSF)  were
markedly heightened. The day after the race, however,  only IL-1, IL-6, and plasma G-CSF concentration remained
significantly augmented [33].

In another clinical trial [31] with longer duration, similar results were reported. More specifically, the prominent
immediate initial systemic inflammatory response, with increases in total leukocyte counts, myeloperoxidase (MPO),
polymorphonuclear (PMN) elastase, cortisol, creatine kinase (CK) activity, myoglobin, IL-6, IL-10 and CRP, that was
provoked by an Ironman triathlon declined very quickly. Nevertheless, a low-grade systemic inflammatory response,
with elevated CK activity, myoglobin, IL-6 and CRP, persisted up to at least five days after the end of this type of
exercise, probably indicating incomplete muscle recovery. As a result of this attenuated immune reaction, individuals
may  be  more  liable  to  infections  within  this  first  period  of  recuperation.  Additionally,  inadequate  rest  following
extended,  intensive  exercise  without  a  satisfactory  recovery  period  could  particularly  incite  a  chronic  systemic
inflammatory state, causing a syndrome of impaired performance and progressive fatigue. For this reason, it would be
highly  advisable  to  actively  recover  by exercising at  a  low-intensity  level,  for  at  least  two to  three  weeks,  prior  to
gradually returning to a more demanding training program.

Furthermore, changes in clinical markers of inflammation after ultra endurance exercise can differ depending on the
form and duration of exercise [33]. For example, this was demonstrated by Gomez-Merino and colleagues [30] when
they compared the systemic cytokine responses after two endurance races of similar duration but with differences in
muscle strain; a long distance triathlon (consisting of sequential swimming, cycling and running) and a 100-km run. At
the end of both races, greater rises in plasma values of interleukin IL-6, IL-1ra (interleukin-1 receptor antagonist), and
IL-10 were noticed in the triathletes compared to the runners, while levels of the chemokine IL-8 enhanced only in the
runners. Moreover, the positive associations that were observed between IL-6 and free fatty acid (FFA) concentrations
in the triathletes,  and between IL-8,  CK and HSP72 in the runners,  designated that  IL-6 release is  rather related to
energy substrate availability during protracted exercise while IL-8 release is linked with a high degree of mechanical
restraint on the lower limbs and vascular inflammation. Consequently, triathletes were less predisposed to muscular
damage due to the fewer eccentric (muscle lengthening) contractions, while runners appeared the most prone to muscle
damage in consideration of increased values of the muscle-specific enzyme, creative kinase, loss of muscular flexibility
and physical performance decline.

Nieman and colleagues [32], in a comparative study among non steroidal anti-inflammatory (NSAID) users and
nonusers, did not reveal any differences in CK or level of muscle soreness. However, the study unexpectedly showed
two to three times greater rise in five of seven cytokines in the NSAID (primarily ibuprofen) users. More precisely,
muscle damage, on account of elevated CK activity in athletes taking part in a 160-km race, was notably correlated with
post-race muscle soreness and increases in IL-6, G-CSF, IL-10, IL1ra, and MCP-1 (monocyte chemotactic protein-1),
but not IL-8 and MIP-1b (macrophage inflammatory protein-1b).

Limitations/Implications for Further Research

A number of limitations and implications for further research have been recognized. Future research could specify
whether  NSAID  use  augments  cytokine  reactions  following  ultramarathons  through  an  endotoxaemia  pathway.
Secondly, in view of the fact that there is no beneficial effect of NSAIDS in alleviating muscle soreness and damage
after  contraction-induced  muscle  injury  [32],  a  question  that  is  raised  is  whether  there  are  any  safe  and  effective
nutritional, classical homoeopathic, or herbal substances that can be used before, during or after ultraendurance exercise
to  lessen  this  type  of  inflammatory  response  aiding  healing  and  enhancing  physical  performance.  In  addition,
subsequent  investigations  would  clarify  whether,  after  ultra  endurance  exercise,  anti-inflammatory  cytokines  are
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generated chiefly in response to muscle damage or other factors [33]. Moreover, all of the above clinical trials included
a small sample size [30 - 33] with a maximum of sixty athletes in only one of them [32]. Also, additional studies of long
follow up are needed. Lastly, new clinical trials recruiting equal number of male and female participants are necessary
since three studies involved only male participants [30, 31, 33], and only one engaged both sexes [32].

Physical Inactivity

In  healthy  individuals,  even  short-term  physical  inactivity  associated  with  bed  rest  was  interrelated  to  the
development  of  insulin  resistance,  dyslipidaemia,  and  increased  blood  pressure  as  well  as  impaired  microvascular
function. Nonetheless,  the above changes took place without an elevation in systemic inflammatory markers (CRP,
IL-6, or soluble TNF receptor 2) or a reduction in serum adiponectin levels [35]. In contrast, Hamer and Chida [34]
found that physical inactivity was associated with heightened concentrations of CRP. Additionally,  this association
appeared  to  be  extensively  correlated,  in  a  linear  manner,  with  several  other  inflammatory  biomarker  values.  For
instance, after adjusting a number of confounding factors, lower levels of physical activity, compared with the highest
quintile of physical activity, were coupled with augmented concentrations of CRP, fibrinogen, and soluble intracellular
adhesion molecule 1 (ICAM-1) that can encourage the initiation and progression of atherosclerosis and cardiovascular
disease [36].

The  underlying  molecular  mechanisms  leading  from sedentary  lifestyle  to  cardiovascular  events  in  humans  are
incompletely understood [66]. However, invasive tests on vascular function in mice exhibited that physical inactivity
can stimulate vascular nicotinamide adenine dinucleotide phosphate (NADP) oxidase expression and activity, boosting
vascular  reactive  oxygen  species  (ROS)  production.  As  a  consequence,  sedentary  lifestyle  as  opposed  to  a  more
physically  active  way  of  life  can  result  in  endothelial  dysfunction,  and  ultimately  accelerate  the  formation  of
atherosclerotic  lesions  [67].

Limitations/Implications for Further Research

Firstly, the cross-sectional design that was applied was not ample enough to identify the directionality or causal
nature of the associations between inflammatory markers and physical inactivity. For example, inflammatory markers
could be both a cause and a consequence of physical inactivity restricting the prognostic impact of the findings. Other
weaknesses with implications for further research include the fact that blood samples were collected and measured at
one point in time only [34, 36]; in the analysis of one study there was no adjustment for sleep, alcohol intake, diet, and
psychological factors [36]; the small sample size of twenty subjects [35]; the researchers recruited only women into
their sample [36]; the short duration of bed rest - only five days; there was no randomization for the subjects to normal
activity or bed rest; the assessment of vascular function was non-invasive by simply measuring reactive hyperaemia.
Therefore, these limitations could have influenced the results.  As a final point,  more human studies are required to
illustrate  the  exact  mechanisms  that  are  responsible  for  the  rapid  development  of  vascular  dysfunction  and  insulin
resistance during physical inactivity [35].

Extremes of Sleep Duration

Extremes of sleep duration, greater than eight hours (>8 h) or less than six hours (<6 h), can also negatively affect
health  through  the  activation  of  pro-inflammatory  pathways  [29].  Polysomnography  (PSG)  is  a  non-invasive,
comprehensive electronic monitoring of the biophysiological changes that occur during sleep and wakefulness, which
involves the attachment of multiple sensors to the person’s body [68]. Elevations in self-reported habitual sleep duration
(>8 h) were coupled with increases in CRP and IL-6, whereas reduced PSG sleep length (<6 h) was linked with raised
TNF-a level. Furthermore, these rises or decreases of the level of the inflammatory markers appeared to take place in a
linear fashion [29]. Yet, in the morning after a night of partial sleep deprivation (staying awake from 11 pm to 3 am),
both  the  concentrations  of  IL-6  and  TNF-a  were  strikingly  higher  proportionate  to  morning  levels  following
uninterrupted sleep (from 11 pm to 7 am). In addition, the magnitude of the production of these inflammatory markers
was  similar  between  the  two  sexes  [37].  Likewise,  mononuclear  cell  nuclear  factor-kappaB  (NF-kB)  (a  protein
complex) activation was remarkably increased in comparison with morning concentrations after continuous sleep (11
pm to 7 am). This response implied that NF-kB activation is a molecular pathway by which sleep loss may well have an
effect on leukocyte inflammatory gene expression as well as the likelihood of inflammation-related disease. It is of
great interest to state that this NF-kappaB activation was seen in female partakers and not in male partakers [38].
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Conversely,  in  a  clinical  trial  [40]  that  included  only  young  women,  poor  sleep  quality  and  continuity  were
associated  with  augmented  CRP  laboratory  values,  but  not  with  IL-6  or  TNF-a,  while  no  relation  was  established
between  sleep  duration  and  any  of  the  inflammatory  biomarkers.  Similar  observations  were  obtained  by  a  large
population  based  study  [41]  where  no  important  relationship  was  found  between  CRP  levels  and  sleep  duration
(polysomnographic or self-reported). Also, it is evident that increasing age, the male gender, and African American
ethnicity compared with Caucasian American ethnicity, tended to have poorer sleep [39]. Despite that, independent of
demographic  factors,  endothelin-1  (ET-1),  a  potent  vasoconstrictor  and  mediator  of  inflammation  elicited  from
endothelial  cells  [69],  was  correlated with  more  deep sleep,  while  both  ET-1 and IL-6 were  associated with  larger
latency of sleep and with rapid eye movement (REM) [39].  Accordingly,  it  is  imperative to sustain an ideal  range,
between seven and eight hours of uninterrupted sleep per night, in order to elude the unhealthy effects of the associated
inflammatory processes [70].

Limitations/Implications for Further Research

Both  sleep  measures  (self-reported  and  polysomnographic)  have  their  limits  in  the  proper  evaluation  of  sleep
duration [29, 41]. During the recruitment process, for instance, subjects that met the inclusion criteria in the clinical
studies were those that regularly slept between 10:30 pm and 7:30 am [37, 38]. This assessment was conducted by the
use of a sleep diary for two weeks. Nonetheless, the application of actigraphy would have provided a more precise
evaluation of sleep duration [37, 38, 40]. Actigraphy is a non-invasive technique of monitoring human rest/activity
cycles which uses a small instrument called an actigraph that is worn on the wrist or ankle [71]. Hence, sleep length
may have overestimated true sleep exposure due to the reliance on self-reported habitual sleep time. On the other hand,
PSG sleep time may not correspond to the usual nightly exposure because of the first-night effect of sleeping in an
unknown setting [29, 41].

However,  the  validity  of  the  results  was  greater  enhanced  given  that  the  cytokine  production  was  repeatedly
assessed at baseline as well as immediately after the end of the intervention [37, 38] whereas in two studies [39, 40]
only one blood sample was obtained, and this occurred at the convenience of the subjects (between 10 am and 4 pm)
[40]. Having such inconsistency in collection times, besides the fact that cytokines concentrations are lowest during the
day [72], may to some extent explain why no correlation was found between sleep quality and IL-6 or TNF-a and levels
may  have  been  too  low  to  be  detected  [40].  Undoubtedly,  a  more  appropriate  design,  principally  for  IL-6,  which
displays a circadian rhythm, should incorporate numerous sampling times [39]. Moreover, Okun and colleagues [40]
enrolled  only  female  subjects  in  their  trial.  In  addition,  the  fact  that  no  clinical  evaluation  was  carried  out  did  not
provide data such as BMI (body mass index), presence of sleep disorders, current infections, or medications used; all of
which are factors that can influence the inflammatory markers [73].

Investigators are also required to confirm the consequences of sleep deprivation on inflammatory mechanisms with
ramifications for cardiovascular and chronic inflammatory disorders, in humans. Testing of interventions that would
endorse sleep and/or its biological consequences could define new strategies to hinder inflammatory responses, and thus
promoting  health.  Further  clinical  studies  that  use  signal  antagonists  will  need  to  verify  the  possible  mechanisms
involved  in  the  production  of  inflammatory  cytokines  [37].  Similarly,  trials  entailing  repeated  measures  of  NF-kB
would have to appraise the temporal dynamics of activation of this transcription factor across the diurnal period and
with respect to sleep disturbance. The fact that the effect of sleep loss on activation of the transcription factor NF-kB
primarily happens in females but not in males, necessitates careful interpretation taking into account the small sample
size and their exploratory nature. Yet, if these results on sex differences are supported by other studies as well, it would
offer inferences for understanding the differential risk profile for inflammatory disorders between the two sexes [38].
Additional research is also of great importance to substantiate whether increasing age, the male gender, and African
American ethnicity compared with Caucasian American ethnicity, are related to poorer sleep [39]; and, if this is the
case, why?

Cigarette Smoking

In a non-diabetic and non-obese population, smoking was linked in a different way with subclinical inflammatory
processes between the two sexes, with reduced adiponectin concentrations in women and with elevated CRP levels in
men [42]. The raised values of CRP in males who smoke, in comparison to non-smokers, is in agreement with former
findings  by  García-Lorda  and  colleagues  [43].  Other  investigators  have  reported  a  positive  relationship  between
smoking status and high CRP level, and especially among heavier past-month smokers as opposed to light and moderate
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smoking.  In  adolescents,  in  whom  the  lifetime  cumulative  cigarette  use  exposure  is  a  lot  less  compared  to  adult
smokers,  cigarette  smoking  increased  CRP  concentrations  soon  after  smoking  commenced.  Consequently,  damage
related to cigarette smoking may begin soon after tobacco use. This reinforces the preventive message that no level of
smoking is safe in youth [45]. Also, particular attention should be paid to public health policies that emphasize smoking
cessation [42].

Further, the observation that women who smoke have diminished adiponectin values [42] is consonant with a prior
published  study  [46]  where  smoking  was  allied  with  decreased  concentrations  of  adiponectin  in  both  genders.  In
contrast  to  this  and  some earlier  results  [42,  44,  46],  there  was  no  report  of  any  connection  between  smoking  and
adiponectin values in the male participants. The lower level of adiponectin in women who smoke may be attributable to
differences in fat distribution, with men having relatively more visceral and less subcutaneous fat than women [74]. In
addition, a noteworthy fall in the adiponectin values was observed only twelve hours after smoking in those that have
never smoked previously [44]. Moreover, the adiponectin level tended to lessen according to the increase in the number
of cigarettes smoked [44, 46]. Considering the function of adiponectin in controlling insulin sensitivity and vascular
protection,  the  finding  that  current  smoking  was  dose-dependently  associated  with  diminished  adiponectin
concentrations,  could  partially  provide  a  rationale  for  why  smokers  are  insulin  resistant  and  at  higher  risk  of
cardiovascular  disease  [46].

However, soon after smoking cessation, the CRP level started declining and the adiponectin value started elevating
in a linear fashion [46]. Interestingly, this relation between CRP and smoking can persist for a minimum of ten years
[75] or even up to thirty years or more [76]. Furthermore, the linkage between adiponectin and smoking can also remain
for a minimum of ten years [46] suggesting that some smoking effects may continue for lengthy periods of time [44,
76]. Therefore, it is critical that more emphasis is placed not only in smoking cessation but also in the prevention of
initiating cigarette smoking [46].

Limitations/Implications for Further Research

The deleterious health consequences of cigarette smoking have been well described. Smoking enhances the risk of
serious diseases as well as the mortality from cardiovascular diseases and cancer [77]. Long-term smoking can lead to
insulin resistance [78] but the underlying mechanisms remain to be fully elucidated [46]. Additionally, adiponectin level
is interrelated independently with the vasodilator response to reactive hyperaemia, and its concentration may well be an
autonomous parameter of endothelial function [25]. Also, endothelial dysfunction, an early marker of atherosclerosis,
has  been  noted  in  chronic  smokers  and  following  acute  cigarette  smoking  [79,  80].  These  effects  suggest  that
adiponectin could be a mediator between smoking and conditions such as hypertension and coronary artery disease
(CAD) [44].

Cigarette smoking and tissue hypoxia have been coupled with stimulation of the TNF-a system [81 - 83] or other
proinflammatory  status  [84].  TNF-a  can  inversely  regulate  adiponectin  secretion  by  inhibition  of  the  adiponectin
promoter activity [44, 85]. Further, nicotine, a major component of cigarette smoke, can augment the synthesis of TNF-
a via functional nicotinic acetylcholine receptor in rat adipocytes [86]. As a result, TNF-a axis activation stimulated by
smoking may partly justify the present observations. Other potential mechanisms by which smoking habit could have an
impact on adiponectin level are the increased oxidative stress [87] via inhibition of the secretion and expression of
adiponectin in adipocytes [44], an anti-oestrogenic action [88] or sympathetic nerve activation [89]. Yet, tobacco smoke
consists of more than 4,000 chemical components, and constituents such as cadmium, cotinine, and thiocyanate may
also be toxic to adipocytes [90]. For this reason, it is unattainable to foresee the net effect of nicotine and oxidative
stress  within  this  complex  mixture  of  elements  [44].  Moreover,  smoking  could  most  likely  have  an  effect  on
compounds, other than the adipocytes, of visceral adipose tissue and boost the release of IL-6 resulting in elevated CRP
production in hepatic cells [91]. However, forthcoming exploration ought to corroborate this.

There  are  other  limitations  and  implications  for  further  research  that  should  be  addressed.  Even  though  the
researchers adjusted for the degree of obesity as determined by body mass index (BMI), the results may, to a certain
degree, be explained by the difference in fat distribution, something that BMI cannot alone accurately reflect [44, 46].
As a consequence, more clinical studies are needed to measure waist circumference or computed tomography (CT)-
obtained visceral  fat  mass  [46].  Additional  examination would guarantee  whether  fat  distribution can explicate  the
diverse effects of smoking on pro-inflammation and adiponectin associated with gender [42]. Furthermore, although the
cross-sectional design precludes conjecture concerning causality [44 - 46], the subjects were probably not aware of their
CRP values, and therefore, it is highly unlikely that CRP concentrations could have an influence upon cigarette use
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[45]. Also, Iwashima and colleagues [44] included only male subjects in their study and the sample of Takefuji and
colleagues  [46]  was  restricted  to  Japanese  people.  The  lack  of  determination  of  sex  hormones  [42]  can  also  be  a
confounding factor. In addition, smoking intensity could have been reported inaccurately or underreported in the self-
administered questionnaire. Upcoming clinical trials, consisting of other populations with more promising measures of
smoking, are vital in order to validate and extend our understanding of the exact mechanisms by which smoking may
affect adiponectin levels. Further, new studies are needed focusing on the chronological alteration in adiponectin values
with respect to the change in smoking status [46]. Finally, future investigation is required to assess the effect of passive
smoking on adiponectin [44] and CRP concentrations.

Burnout

Burnout is defined as a chronic affective condition characterized by emotional exhaustion, physical fatigue, along
with  cognitive  weariness  [92,  93].  There  is  a  known relationship  between burnout  and cardiovascular  disease  risk.
Burnout, in women and not in men, was positively connected with higher levels of CRP and fibrinogen values [62]. In
contrast  to  Toker  and  colleagues  [62]  where  burnout  was  differentially  related  to  micro-inflammation  biomarkers,
dependent  on  gender,  von  Känel  and  colleagues  [47]  did  not  find  such  a  difference.  To  be  more  specific,  burnout
syndrome was associated with increased TNF-a concentrations, decreased IL-4 levels, and an enhanced TNF-a/IL-4
ratio.  As  a  result,  burnout  was  linked  not  only  with  augmented  proinflammatory  activity  but  also  with  lower  anti-
inflammatory  action.  This  systemic  response  was  predominantly  noticed  when  burnout  was  conceptualised  as  a
unidimensional construct and along a continuum of symptom severity rather than categorically. Accordingly, the fact
that burnout is correlated with microinflammation may have undesirable implications for the cardiovascular system.

Limitations/Implications for Further Research

First,  the findings were based on cross-sectional data,  and hence, the temporal ordering of the relation between
burnout with CRP and fibrinogen levels cannot be definitively ascertained [62]. Also, the cross-sectional design of the
study did not allow for cytokine measures to mirror the dynamics of the cytokine network, where, for instance, anti-
inflammatory  cytokines  heighten  in  response  to  an  elevation  in  proinflammatory  cytokines  [47].  Further  research
concentrating on prospective studies would determine the causality and the mechanisms responsible for this connection
in an attempt to decipher the specific physiological processes involved [47, 62]. For more conclusive observations,
additional studies are warranted to investigate whether these results are replicated.

Second,  the  findings  point  to  the  need  to  inquire  into  the  likelihood  of  gender  differences.  Third,  it  would  be
interesting to explore the probable interactive effect of burnout and other positive as well as negative affective states on
inflammatory and conventional CVD risk factors. Fourth, upcoming research could examine the impending influence of
personality features, like neuroticism, on the association between burnout and inflammation. Fifth, the possible various
linkages among the elements of the burnout syndrome and CVD endpoints and risk factors could also be searched [62].
Lastly, future studies would particularly profit from conceptualising burnout as a continuous measure rather than as a
categorical dimension [47].

Anxiety

Anxiety, a complex feeling of uneasiness, fear and worry [94], has been coupled with increased risk of coronary
heart  disease  (CHD)  [95].This  emotional  state  was  also  associated  with  inflammation  and  coagulation  markers  in
cardiovascular disease-free people signifying another pathophysiological link that amplifies the risk of cardiovascular
incidents in anxious individuals. Precisely, anxiety in men was found to be positively interconnected with C-reactive
protein, tumor necrosis factor-alpha, interleukin-6, homocysteine, as well as fibrinogen concentrations; and, in women,
positively linked with CRP, white blood cell counts, interleukin-6, homocysteine, and fibrinogen levels [48]. Similar
observations of anxiety being positively related to higher values of CRP and fibrinogen concentrations were also taken
by Toker and colleagues [62]. Yet, this correlation was witnessed only in men.

Limitations/Implications for Further Research

The  previously  mentioned  results  were  based  on  cross-sectional  data  [48,  62],  and  consequently,  the  temporal
ordering  of  the  connection  between  anxiety  with  CRP and  fibrinogen  cannot  be  definitively  discerned  [62].  These
findings,  however,  propose  a  new  pathophysiological  relationship  between  anxiety  and  markers  of  inflammation
associated with cardiovascular disease. Nonetheless, the underlying mechanisms have not been fully rationalized and
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further research is required to shed light on existing knowledge and pave the way for more effective interventions. In
addition, although there was adjustment for a number of potential confounding variables, nothing was stated regarding
adjustment of sleep [48].

Depression

Stewart and colleagues [57], during a long prospective cohort study, assessed the longitudinal relations between
depressive symptoms as evaluated by the Beck Depression Inventory-Second Edition (BDI-II), with both IL-6 and CRP.
According to these researchers, depression was coupled with larger six-year increases in serum IL-6. Even though a
weak bidirectional association between BDI-II and CRP was also detected, the observations were most consistent with
the notion that depressive symptoms may lead to, rather than result from, augmented inflammatory processes and that
inflammation may be one of the mechanisms through which depression enhances the pathogenesis of cardiovascular
disease. Also accordant with these results, Matthews and colleagues [56] did not deduce a relationship between baseline
depressive symptoms and alterations in CPR over a five-year follow up.

Paralleling the findings of Stewart and colleagues [57], Boyle and colleagues [49] showed that a composite score
representing the linear combination between depression, hostility, and anger scales predicted ten-year elevations in the
third complement protein (C3), which is an additional CAD-related inflammatory marker. Further, the observation by
Gimeno and colleagues [53] that the cognitive symptoms of depression were not connected to twelve-year changes in
IL-6 and CPR is aligned with the BDI-II subscale analyses of Stewart and colleagues [57], where it was observed that
the somatic-vegetative subscale, and not the cognitive-affective one, preceded and predicted subsequent rises in serum
IL-6.

Several other clinical trials [50, 52, 58, 59, 61] have inferred that there is a significant linkage between depression
and  inflammatory  markers  such  as  CRP,  IL-6,  and  intercellular  adhesion  molecule-1  (ICAM-1).  Nevertheless,  the
majority of them have concluded that inflammation accounts for only a small percentage of the cardiotoxic effect and
the incidence of CHD of depression, indicating that multiple mechanisms are involved. On the contrary, only one study
[55] reported that a depressive mood state interacted synergistically with CRP to predict future CHD events, as such,
individuals  with  both  depression  and  increased  CRP  were  at  considerably  higher  risk.  Also,  two  clinical  studies
recommended that this correlation between a heightened level of depressive symptoms with elevated CRP [51, 62] and
fibrinogen  [62]  concentrations  was  only  evident  in  men.  These  results  connote  that  depressive  mood  could  have
different psychological and physiological interconnections between the two sexes [51]. Negative findings have also
been stated. As an example, Hung and colleagues [54] revealed no association between inflammatory biomarkers such
as CRP, TNF-a and IL-6, and different types of depression.

Overall,  the  existing  clinical  trials  adduce  proof  that  the  relationship  between  depression  and  inflammation  is
bidirectional and complicated. Even though the observations point out that the depression-to-inflammation connection
might be stronger than the inflammation-to-depression relation, the degree of either direction of this link may depend on
the depressive symptom clusters studied, the inflammatory markers evaluated, and the populations examined [57]. In
the  elderly,  for  instance,  inflammation,  as  measured  by  raised  baseline  CRP  value,  notably  predicted  accelerated
development of depressive symptoms [60]. Consequently, the current results evince that anti-inflammatory approaches
may also be an effective avenue to reduce the inimical effects of depression on cardiovascular health [57].

Limitations/Implications for Further Research

First, the cross-sectional study design is not able to affirm the temporal order between depression with CRP and
fibrinogen  [51,  62].  More  prospective  data  are  required  to  prove  the  directionality  of  the  depression-inflammation
association  [57,  62].  Yet,  treatment  with  the  cytokine  interferon-a  and  peripheral  administration  of  IL-6  intensify
depressive symptoms [96, 97]. Moreover, anti-inflammatory medications such as cyclooxygenase-2 inhibitors [98] and
tumor-necrosis factor antagonists [99] have been shown to lessen the severity of depressive symptoms. However, new
randomized controlled trials of medication exclusively influencing either depressive symptoms or CRP would provide
fundamental information about the interconnection between CRP and depression. This relationship between depression
and CRP would further be clarified by longitudinal studies using other measures of inflammation as well as clinical
trials in individuals with genetically augmented CRP level [51].

Second, only a single measurement of depressive symptoms and each inflammatory marker, at baseline [50, 58] and
at the end of the follow-up period, was obtained [57]. Due to the fact that depressive symptoms [100] and markers of
inflammation [101 - 103] may vary within the same person, the baseline and follow-up values would have been more
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trustworthy if the researchers had measured and averaged two separate readings, at both time points [14]. Furthermore,
by assessing depression at one time point only, it did not allow for transient states of depression to be differentiated
from  persistent  ones  [55].  Future  studies  with  multiple  measurements  during  follow-up  would  disclose  the  most
biologically plausible processes by which these risk factors interact with each other [50].

Third, potential confounders, at baseline or during follow up, that were not considered in the clinical trials included
the  deficient  information  on  antidepressants’  use  or  the  use  of  any  other  psychiatric  medication  [50,  51],  non-
prescription medication use [50, 56] or acute inflammatory diseases [51 - 56], which can also affect the biomarkers.
Additionally,  the  increased  CRP  concentration  was  a  stronger  predictor  of  the  somatic  subscale  compared  to  the
affective symptoms of the BDI-21 (21-item version of Beck’s Depression Inventory) denoting that fatigue could also be
a confounding factor of the correlation between depression and CRP levels. Thus, fatigue may need to be viewed as a
confounding factor in further studies [51].

Fourth, the evaluation of depression was performed by the use of a symptom rating scale which is not considered a
very thorough assessment method [55]. However, a reconsideration of its validity and reliability was auspicious [104].
Finally, the findings could be biased due to the low sample size [54] as well as due to the fact that the sample of the
trials  [49,  52,  54  -  57,  59]  was  restricted  to  female  [56,  59],  male  [49,  52,  54,  55],  white  [52,  57],  or  hospitalized
subjects. Hence, the results of the individual studies cannot be extrapolated to both genders, other ethnic backgrounds,
and different settings [54].

CONCLUSION

All related published research data on lifestyle factors that can conduce to an independent and persistent low-grade
systemic inflammatory reaction and activation of immune-inflammatory pathways within the human body, has been
presented.  More  specifically,  the  variables  that  were  investigated  in  this  review included  ultra-endurance  exercise,
physical inactivity, extremes of sleep duration, cigarette smoking, burnout, anxiety, and depression. Upcoming research
should  concentrate  on additional  prospective  clinical  trials  that  would  determine the  causality  and the  mechanisms
involved in the association between lifestyle implications and metaflammation. For more conclusive findings, further
human studies on healthy individuals with large samples, engaging both sexes from a variety of ethnic backgrounds,
preferably randomized (if feasible) to minimise bias, of long follow-up, are essential. Also, repeated measurements of
inflammatory biomarkers just before the intervention, during the intervention (where applicable), and after the end of
the  intervention,  would  produce  more  concrete  evidence.  Future  clinical  trials  need  to  test  for  specific  lifestyle
influences  and  with  very  strict  control  or  adjustment  for  all  confounding  factors  that  can  have  an  impact  on  the
biomarkers of inflammation so that the results are more accurate and convincing.

Although all of these aspects of lifestyle that can activate a variety of immune-inflammatory pathways should be
avoided, it would be beneficial and interesting to know, with further research studies, which combinations of factors are
more damaging to health and which ones are less harmful. However, the focus of the interventions should not be so
much at  achieving an anti-inflammatory effect  at  a  biochemical  level  but  in  fact  identifying and resolving the  true
causes behind the development of  such lifestyle behaviours.  Maintaining a fine balance,  by having a non stressful,
physically active, happy and meaningful way of life, with adequate sleep duration and quality, as well as sufficient rest,
that avoids ultra-endurance exercise and cigarette smoking, would definitely minimize and prevent the unfavourable
health risks of metaflammation. Therefore, it is crucial that health practitioners from different disciplines are aware of
all  the  negative  environmental,  psychological  and  lifestyle  dynamics  in  order  to  gain  greater  insight  into  working
together  and advising their  clients  appropriately,  thus promoting optimal  health and averting disease in a  wholistic
manner.
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