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Abstract 
 
Oscar Bergens (2022): Chronic Systemic Inflammation, Body Composition 
and Physical Activity Behaviours in Older Adults. Örebro Studies in Sport 
Sciences 36. 
 
Ageing is associated with a gradual physical decline accompanied by 
changes in body composition. The occurrence of a low-grade yet chronic 
state of systemic inflammation has gained interest for its potential con-
sequences in the ageing process. Importantly, a physically active lifestyle 
may promote the maintenance of muscle mass, reduction in adipose 
tissue, and alleviate progression of a chronic pro-inflammatory state.  

The overall aim of this thesis was to explore relationships between bi-
omarkers of systemic inflammation, body composition, and physical 
activity behaviours in community-dwelling older adults aged 65 to 70 
years. 

A main finding of the thesis is the existence of associations between 
body composition and systemic inflammation in older adults, where 
excess adipose tissue is adversely associated with levels of inflammatory 
biomarkers in older women. Inverse associations were also observed 
between muscle mass and levels of pro-inflammatory biomarkers in old-
er women. This thesis also highlights sex-specific associations between 
systemic inflammation and physical activity behaviours. Longer time 
spent sedentary was also associated with higher levels of pro-
inflammatory biomarkers in older women and lower level of anti-
inflammatory biomarkers in older men. Reallocating time spent in activi-
ties of lower intensities with higher intensities was associated with lower 
levels of pro-inflammatory biomarkers in older women.  

Overall, the findings of this thesis support efforts promoting physical 
activity at the expense of sedentary time in order to combat age-related 
systemic inflammation and metabolic risk in older adults. 

Keywords: Ageing, Exercise, Sedentary behaviour, Adipose tissue, Muscle 
mass, Muscle strength, Inflammatory biomarkers, Cardiorespiratory 
fitness, Metabolic health. 
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1. Introduction 
The world’s population of older adults aged ≥65 years is growing more 
rapidly than any other population age group; it grew from 5% of the 
global population in the 1950s, to ~9% of the current population and is 
expected to continue to increase, reaching 16% of the world population 
by 2050 (1). Ageing is associated with inevitable and complex multifacto-
rial processes characterised by a progressive decline in bodily systems and 
tissue, occurring as a consequence of accumulating detrimental changes in 
cellular structures (2). This process is connected to numerous changes 
affecting functional capacity, including a shift in accumulation of adipose 
tissue, loss of muscle mass and deterioration of cardiovascular functions. 
Declining functional capacity is also associated with increased prevalence 
of chronic diseases, loss of independence and mortality in older popula-
tions. Forecasts estimate that the number of older adults requiring support 
for activities of daily living will quadruple by 2050 (3). Population ageing 
therefore represents a new and major societal challenge.  

1.2 Ageing and systemic inflammation 
Several theories are proposed to explain the detrimental changes occurring 
in ageing, including oxidative stress (4), mitochondrial dysfunction (5), 
and telomere attrition (6). In the past decade, the presence of a low-grade, 
systemic inflammation and its impact on ageing has attracted increasing 
interest in the research community, as elevated levels of several circulating 
inflammatory biomarkers are seen in older populations (7-10).  

Inflammation is a complex biological response to a perceived harmful 
stimuli such as pathogens, damaged cells, and irritants. An acute and local 
inflammatory process is therefore a necessary and beneficial immune sys-
tem response to a hostile stimulus, involving immune cells, blood vessels, 
and molecular mediators. The function of the acute inflammatory re-
sponse is to eliminate the initial cause of cell injury, clearance of necrotic 
cells and damaged tissue, and initiate tissue repair processes (11-13). Dur-
ing acute inflammation, an increasing number of circulating leukocytes 
and monocytes migrates to the site of inflammation. Leukocytes initially 
consist mainly of neutrophils, which are responsible for the clearance and 
regeneration of injured tissue. Later on, the actions of neutrophils are 
replaced with those of monocyte-derived and tissue-resident macrophages 
(11, 12). Macrophages can in turn rapidly change their functional profile 
and subsequent cytokine secretion. Macrophages are usually classified as 
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pro-inflammatory (M1 macrophages) or anti-inflammatory (M2 macro-
phages) macrophages. Through the clearing dead neutrophils, macrophag-
es can induce a phenotypic switch from M1 to M2 macrophage secretion 
(11, 12). Importantly, M1 and M2 macrophages are not distinct categories 
of inflammatory cells but form a spectrum in which cells possess varying 
degrees of M1- and M2-like qualities (12). M1-like macrophages are char-
acterised by their ability to eliminate pathogens and produce large concen-
trations of pro-inflammatory cytokines such as tumour necrosis factor 
(TNF)-α and interleukin (IL)-1β and IL-6. In contrast, M2-like macro-
phages are characterised by their resolution of inflammation, tissue repair, 
and angiogenesis and produce factors such as vascular endothelial growth 
factor A, IL-8, and IL-10 (11, 12).  

Chronic systemic inflammation refers to a state of long-term reaction to 
an inflammatory stimulus characterised by continuous synthesis of M1-
like macrophages. In chronic inflammation, macrophages have a reduced 
capability to clear dead neutrophils, which as a result accumulate and 
further promote a pro-inflammatory state (7, 11, 12). In contrast to the 
acute response, chronic exposure to systemic inflammation is associated 
with tissue degeneration and the development of adverse health changes 
(7, 8, 10, 13-18). A prevalent feature of ageing tissue is the development 
of a pro-inflammatory state characterised by slight yet chronic elevations 
in the levels of several M1-like pro-inflammatory biomarkers, a phenome-
non termed “inflamm-ageing” (7, 8, 10). For example, slight elevations in 
biomarkers regulating systemic inflammation, including the chemokine 
monocyte chemoattractant protein (MCP)-1, cytokines IL-6, TNF-α, and 
the acute-phase reactants fibrinogen and C-reactive protein (CRP) have 
been observed with advancing age (7, 8, 10). Older adults typically also 
exhibit two- to four-fold elevations in the inflammatory biomarkers IL-6, 
TNF-α, and CRP compared with younger adults, even in the absence of 
chronic diseases (19). Slight elevations in pro-inflammatory biomarkers 
such as TNF-α, IL-6, IL-8, IL-18, CRP, and fibrinogen have been associat-
ed with loss of muscle mass and strength, increased risk of developing 
cardiovascular disease (CVD), and metabolic disorders in older adults (8, 
15, 20-22). Systemic inflammation in ageing is further influenced by de-
clining levels of proteins with M2-like anti-inflammatory properties such 
as IL-10 and adiponectin (23, 24). The cytokine IL-10 is mainly produced 
by macrophages and is a potent anti-inflammatory cytokine responsible 
for suppressing pro-inflammatory responses, reducing macrophage infil-
tration in muscle tissue, and improving insulin signalling and glucose me-
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tabolism (25-27). Similarly, the adipokine adiponectin is a hormone sug-
gested to have anti-inflammatory properties, providing protection against 
metabolic disorders. Adiponectin is mainly produced by mature adipocytes 
in adipose tissue and is involved in regulating glucose levels and fatty acid 
breakdown (24).  

1.2.2 Sex-specific differences 
It is becoming widely recognised that sex differences exist in terms of 
physiological processes and epidemiology aspects related to disease devel-
opment in ageing (28, 29). Generally, men and women experience the 
same type of ageing-related changes in the immune response, but the onset 
is earlier in men than women (28). Men are exposed to a higher relative 
risk of developing inflammation-related diseases such as type-II diabetes 
mellitus and atherosclerosis from young to old age. This difference has 
been partly attributed to a stronger immunological response in women 
than men producing higher levels of cytokines with anti-inflammatory 
properties (28-30). However, with the onset of menopause, the relative 
risk of developing inflammation-related diseases is higher in older women 
compared to older men (28). This shift has been partly attributed to sex-
specific modulations in immunological responses (29, 31, 32).  

The underlying mechanisms responsible for sex-specific differences in 
the immune response are complex and not fully investigated. Nevertheless, 
genetic, hormonal, and behavioural aspects affecting the immune system 
are proposed to be factors contributing to sex differences in immunologi-
cal responses (28, 29). In particular, with menopause women experience 
changes in reproductive life factors, leading to a significant reduction in 
the female sex hormone oestrogen (29, 31, 32). For example, by binding 
to three functionally distinct receptors found in cells related to the immune 
system (e.g., T cells, B cells, and macrophages), oestrogen can influence 
inflammatory responses (28). High levels of oestrogen are therefore asso-
ciated with the inhibition of important pro-inflammatory pathways (e.g., 
IL-1β, IL-6 and TNF-α), and the promotion of anti-inflammatory path-
ways (e.g., IL-4 and IL-10) (31). However, menopause is associated with 
elevated levels of IL-8, soluble TNF-receptors 1 and 2, and IL-6 (32, 33). 
In contrast, men do not experience as significant a reduction in levels of 
the male sex hormone testosterone with increasing age. Instead, it is sug-
gested that greater levels of adipose tissue and not age have a more dra-
matic effect on male testosterone levels (34). Nevertheless, older men gen-
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erally maintain testosterone levels within the normal range and do not 
experience clinical symptoms associated with low-testosterone levels (28). 

Ageing in the female sex is also characterised by a greater increase in 
other cardiometabolic risk factors (e.g., total cholesterol and triglycerides) 
and a higher prevalence of cardiometabolic events than in men (33, 35). 
Alterations in body composition and adipose tissue distribution are also 
associated with the menopausal transition, with a shift in adipose tissue 
aggregation from the hip region to the abdominal region (i.e., increased 
abdominal adipose tissue aggregation) and increased overall accumulation 
of total and abdominal fat mass (32, 35). Changes in body composition 
may also further contribute to the development of a pro-inflammatory 
state in the female population through an adipose tissue-related secretion 
of inflammatory biomarkers. In line with this hypothesis, previous studies 
have shed light on sex-specific differences in levels of pro- and anti-
inflammatory biomarkers. Circulating levels of IL-6, CRP, and fibrinogen 
have all been found to be significantly higher in women than men (33, 36-
39). Women are also suggested to be exposed to a 2.5-fold higher risk of 
elevated fibrinogen levels compared with men (40, 41). Stronger detri-
mental associations are also reported between levels of fibrinogen and 
impaired physical function (42, 43), and between levels of CRP and IL-6 
and longer time spent in sedentary pursuits in older women than older 
men (38, 39). While sex-specific associations have been presented, further 
research is warranted to clearly elucidate potential sex-specific associa-
tions between PA behaviours and inflammatory biomarkers in ageing. 

1.3 Body composition and systemic inflammation 
A major occurrence in ageing involves a progressive change in body com-
position, even in the absence of variations in body weight (44). Generally, 
ageing is associated with increased adipose tissue volume, loss of muscle 
mass and a concurrent loss of muscle strength (44, 45). It is suggested that 
the inflamm-ageing phenomenon may contribute to this development in 
older populations (46).  

1.3.2 Muscle mass 
Muscle mass is carefully regulated by the fluctuating balance between 
muscle protein breakdown and muscle protein synthesis. In ageing, this 
balance is suggested to be disturbed resulting in a progressive elevation of 
muscle protein breakdown without a concomitant increase in protein syn-
thesis (47). Consequently, muscle mass declines by an average of 3–8% 
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per decade after the third decade of life in both men and women, and this 
rate of decline increases after the age of 60 years (48). Loss of muscle mass 
is also suggested to be more pronounced in the lower extremities than in 
the trunk and upper extremities (49, 50), highlighting the importance of 
reducing muscle wasting for the preservation of independent living in old-
er populations.  

Several underlying mechanisms have been proposed to contribute to de-
clining muscle mass, including hormonal changes, inadequate nutrition, 
changes in physical activity (PA) behaviours, neural changes, and adipose 
tissue infiltration (45, 51-61). The role of systemic inflammation in the 
regulation of muscle protein metabolism has recently attracted interest. 
Population-based evidence suggests that pro-inflammatory cytokines such 
as IL-6 and TNF-α contribute to the loss of muscle function via direct 
effects on muscle catabolism (46). Preclinical evidence also supports this 
link, with systemic inflammation being proposed to influence muscle mass 
and strength by reducing insulin-like growth factor 1 and elevating muscle 
cortisol expression, thereby inducing muscle catabolism (62). Epidemio-
logical and longitudinal evidences also links elevated levels of IL-6, TNF-
α, CRP, and fibrinogen with reduced knee extensor strength and handgrip 
strength, longer time to complete a repeated chair stand test, poorer bal-
ance, less distances covered during a six-minute walk test, and increased 
risk of incident frailty in both older men and women (42, 63-70).  

Sex has also been introduced as a potential factor influencing associa-
tions between systemic inflammation, muscle mass, and strength, although 
studies are scarce. Nonetheless, stronger adverse associations are reported 
between levels of fibrinogen and loss of physical function in older women 
than older men (42, 43). It is also argued that women may experience 
greater risk of consequences related to declining muscle mass than do men 
due to their inherently lower muscle mass volume (71). 

During PA, muscle mass is also a known source of the expression of cy-
tokines (e.g., IL-6, IL-8, and IL-15) commonly referred to as myokines. 
However, PA-induced myokine expression is suggested to be involved in 
muscle hypertrophy rather than muscle catabolism (72, 73). For example, 
IL-6 is one of the first detectable myokines released from contracting mus-
cle tissue to the bloodstream during PA (72, 74). Yet, the expression of 
monocyte IL-6 mRNA and inflammatory biomarkers associated with 
muscle damage (e.g., TNF-α) are not elevated with PA (74, 75). IL-6 and 
other myokines are instead proposed to occur as a metabolic response to 
exercise and are therefore suggested to mediate long-term PA-induced 
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improvements in CVD risk factors (e.g., adiposity distribution, insulin 
sensitivity, and endothelial function) and induce anti-inflammatory effects 
(72-74). However, it is currently not fully understood to what extent and 
through which signalling pathways systemic inflammation influences 
changes in muscle mass and strength.  

1.3.3 Adiposity level 
Adiposity and the aggregation of abnormal and excessive adipose tissue 
constitute a metabolic disorder that may interfere with the maintenance of 
an optimal state of health (76), and is often described as overweight or 
obesity. In particular, attention is focused on the accumulation of adipose 
tissue surrounding the abdominal region, which is viewed as a prominent 
underlying risk factor for the development of a variety of pathological and 
metabolic disorders. Indeed, abdominal adiposity is a known contributor 
to CVD via all proven mechanisms of changes in coronary health and is 
central to the development of metabolic syndrome (MetS) (77, 78). MetS 
represents a cluster of interrelated metabolic disorders including hyperten-
sion, hyperglycaemia, and dyslipidaemia, and its manifestation is associat-
ed with a two-fold increased risk of CVD events and a 1.5-fold increased 
risk of all-cause mortality (14, 78, 79). While adipose tissue was initially 
considered to be solely dedicated to energy storage, it is now becoming 
apparent that it is a a large contributor to systemic inflammation and 
pathological disorders (7, 8, 10, 80). Systemic inflammation is promoted 
as a potential and strong mediator linking the development of cardiomet-
abolic dysfunctions with adipose tissue (8, 81). Several sources contrib-
uting to immunological responses are found in adipose tissue, including 
adipocytes, tissue resident macrophages, and fibroblasts responsible for 
the stimulation of several cytokines and adipokines with both pro- and 
anti-inflammatory properties. With increased adiposity level, these sources 
represent major contributors and stimulators to a pro-inflammatory state 
(78). 

Generally, the inflammatory response triggered by adipose tissue in 
obesity involves many components of the classical M1 inflammatory re-
sponse to pathogens. This response includes a systemic increase in circulat-
ing inflammatory cytokines and acute-phase proteins, recruitment of leu-
kocytes to inflamed tissue, activation of tissue leukocytes, and generation 
of reparative tissue responses. The nature of adipose tissue-induced sys-
temic inflammation is, however, unique compared with other inflammato-
ry paradigms. The chronic nature of obesity produces a low-grade activa-
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tion of the immune system affecting steady-state measures of metabolic 
homeostasis over time. For instance, infiltration by T cells, B cells, macro-
phages and monocytes is observed in visceral adipose tissue stores in obese 
samples. Elevated T cell levels contribute to the stimulation of interferon 
gamma (IFNy), which in turn stimulates the production of several chemo-
kines, including MCP-1, further increasing T cell infiltration. Elevations in 
B-cell and macrophage levels in turn lead to elevated expression of TNF
superfamily ligand and the synthesis of TNF-α and IFNy (82). Cytokines
associated with B-cell infiltration contribute to phenotypic changes in
adipocytes causing them to produce other M1-like inflammatory factors
and adipokines (8). Excessive adipose tissue level is therefore associated
with a negative feedback loop involving T-cell, B-cell, and macrophage
infiltration, driving a systemic pro-inflammatory environment. Each kilo-
gram of excess adipose tissue is estimated to be the source of 20–30 mil-
lion macrophages (81), suggesting that obesity is a de facto state of elevat-
ed inflammatory mass. Superimposed on this, adipose tissue is also a
source of excess macronutrients, which may also lead to acute nutrient-
induced activation of systemic inflammation (10, 81, 83). High nutrient
intake, particularly high fat diets, has been linked to higher chronic in-
flammation through the low-grade stimulation of systemic inflammation
in metabolic cells resulting in IL-1β activation (10).

The systemic inflammatory response associated with excess adipose tis-
sue is characterised by the increased production and secretion of a wide 
range of inflammatory biomarkers. For instance, levels of the key cyto-
kines TNF-α and IL-1β, which can substantially influence inflammatory 
cascades, are elevated with excess adiposity. Elevated levels have been 
shown to contribute both to catabolic responses in non-immune cells and 
to the activation of pathways whose end products further stimulate in-
flammatory responses, including the IL-6 inflammatory cascade (84-86). 
In turn, IL-6 stimulates the production of large amounts of acute-phase 
reactants including CRP and fibrinogen from the liver (84, 87), further 
contributing to the onset of chronic systemic inflammation. At the same 
time, excess adipose tissue inhibits the release of anti-inflammatory adi-
pokines further facilitating a pro-inflammatory environment (76, 88). 
Conclusively, excess adipose tissue is associated with the overexpression of 
pro-inflammatory biomarkers associated with cardiometabolic disorders 
(8, 83, 89, 90). For example, elevated levels of IL-6, MCP-1 and MIP-1α 
are proposed to be involved in the progression of obesity-related insulin 
resistance, type-II diabetes mellitus, and atherosclerosis (77, 91-93). Ele-
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vated levels of CRP, IL-18 and fibrinogen are also strongly associated with 
the onset of MetS (94, 95) and increased CVD risk (15, 96), with fibrino-
gen being suggested to predict MetS outcomes (40, 97). Moreover, adipose 
tissue is a strong source of the anti-inflammatory hormone adiponectin, 
which is abundantly expressed under normal conditions. Excessive adipose 
tissue volume is, however, associated with sharp declines in adiponectin 
levels (24). Interestingly, diverging associations have been found between 
the anti-inflammatory biomarker IL-10 and adiposity: while obese status 
has been associated with elevated IL-10 levels, the presence of MetS in 
obese and non-obese participants is associated with attenuated levels of 
IL-10 (98).  

1.4 Systemic inflammation and cardiometabolic health 
Strong epidemiological evidence links systemic inflammation to the devel-
opment of CVD, non-cardiovascular comorbidities, frailty, disability, and 
mortality in older adults. For example, levels of CRP, fibrinogen, and IL-6 
are considered major independent predictors of CVD events in middle-
aged and older adults (8, 94, 96). The underlying mechanisms explaining 
these links remain to be elucidated, although two potential explanations 
have been proposed: as a consequence of the direct contribution of pro-
inflammatory biomarkers to the development of pathologies, or as a reac-
tive response in a pathological condition (8). These mechanisms are pro-
posed not to be mutually exclusive and may affect specific proteins in 
different ways. For instance, fibrinogen is identified as an independent risk 
factor for CVD and is also elevated in the presence of traditional risk fac-
tors including MetS, age and smoking (96). In comparison, CRP is unlike-
ly to be causally associated with CVD (99, 100), but may be partly medi-
ated by endothelial cell dysfunction (101, 102) and adipose tissue (89).  

Endothelial dysfunction is suggested to be integral to the development 
of MetS and is emerging as a proxy endpoint for CVD (101, 103). It is 
also postulated to participate in the pathogenesis of atherosclerotic 
plaques, whereas atherosclerosis itself also produces antigens that activate 
and maintain systemic inflammatory responses (8, 103). Increasing eviden-
tial support indicates that chronic inflammation plays an important role in 
the development of endothelial dysfunction, in which the effects of CRP, 
TNF-α, IL-6 and IL-1β are well described (102, 103). For instance, in-vitro 
evidence indicates that exposing endothelial cells to serum CRP from older 
women causes alternations in the proliferation rate and inhibition of angi-
ogenesis (101). Moreover, endothelial dysfunction also contributes to the 
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sustained survival of inflammatory cells through angiogenesis and the 
formation of new capillaries (104).  

While the exact mechanism underpinning links between systemic in-
flammation and cardiometabolic health remains to be elucidated, the cur-
rent body of evidence clearly indicates that systemic inflammation plays an 
important part in the prevalence of cardiometabolic disorders. Whether 
this link occurs as a consequence of systemic inflammation itself or 
through other potential mechanisms such as endothelial cell dysfunction 
remain to be elucidated. Moreover, as associations between systemic in-
flammation and cardiometabolic health are mainly investigated through a 
number of specific biomarkers (i.e., CRP, fibrinogen, and IL-6), additional 
studies are warranted to elucidate further inflammatory pathways and 
mediators involved in links between systemic inflammation and cardi-
ometabolic health.  

1.4.2 Cardiorespiratory fitness 
Cardiorespiratory fitness reflects the ability to perform work requiring 
oxygen and is limited by maximal oxygen consumption (VO2max). 
VO2max quantifies the individual’s ability to perform tasks over an ex-
tended period of time and is considered a central determinant of physical 
function. For example, low VO2max is related to limited gait speed and 
ability to climb stairs in middle aged and older adults (105). Thus, cardi-
orespiratory fitness is considered one of the strongest independent predic-
tors of life expectancy in both healthy and CVD-diagnosed populations 
(106).  

Cardiorespiratory fitness as a factor contributing to reduced risk of 
CVD outcomes is well established (107). It is also considered as an im-
portant predictor of overall metabolic and chronic disease risk, with in-
verse associations being evidenced with dyslipidaemia-, obesity-, type-II 
diabetes mellitus-, and hypertension-related mortality risks (107, 108). 
Improvement in cardiorespiratory fitness status is related to reductions in 
mortality risk in patients with dyslipidaemia or hypertension comparable 
to those achieved by statin treatment (109, 110). Beneficial changes in 
systemic inflammation status have also been associated with cardiorespira-
tory fitness, with apparent inverse associations being evidenced with levels 
of CRP (111-113). Consequently, it is hypothesised that the beneficial 
health outcomes associated with high cardiorespiratory fitness level may in 
part be explained by a fitness-mediated impact on systemic inflammation. 
Evidence reflecting this association is, however, scarce, being based on a 
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limited number of inflammatory biomarkers (e.g., CRP), not necessarily 
reflecting the whole complex process involved in systemic inflammation. 
Paucity of data is also evident regarding the potential influence of cardi-
orespiratory fitness on links between adipose tissue and systemic inflam-
mation in older populations. In younger populations, a few studies have 
explored the influence of cardiorespiratory fitness on the detrimental links 
between adiposity and systemic inflammation, although findings remain 
inconclusive (113-116). 

In the current body of literature, cardiorespiratory fitness has been used 
interchangeably with PA when evaluating its influence on systemic in-
flammation (115). While PA may indeed alter systemic inflammation in 
older adults, and cardiorespiratory fitness is undeniably in part a product 
of lasting PA, it is important to distinguish between the two. Cardiorespir-
atory fitness is the result of an interaction between PA and other im-
portant factors, including environmental factors (e.g., smoking, adiposity 
and muscle mass), constitutional factors, and genetical factors (107). In 
fact, it is suggested that 40-50% of variations in individual VO2max fol-
lowing endurance exercise are determined by genetical factors (117). It is 
therefore important to consider cardiorespiratory fitness and PA as two 
sources of distinct and separate health effects. In line with this statement, 
when compared with PA, cardiorespiratory fitness is suggested to be a 
stronger predictor of CVD events (117).  

Overall, cardiorespiratory fitness is viewed as an important and benefi-
cial contributor to cardiovascular health changes in ageing. It is hypothe-
sised to the stimulate anti-inflammatory pathways, which may partly ex-
plain the beneficial health effects of cardiorespiratory fitness. However, 
evidence supporting its potentially beneficial role in links between adiposi-
ty and systemic inflammation is scarce and remains to be investigated in 
older populations.  

1.5 Physical activity behaviours and systemic inflammation 
PA is considered a key non-pharmacological factor related to maintaining 
functional capacity and health and reducing the risk of poor cardiometa-
bolic outcomes (118, 119). Global PA recommendations have therefore 
advocated engaging in at least 150–300 minutes of moderate-to-vigorous 
PA (MVPA) and two or more sessions of muscle strengthening activities 
(MSA) per week for adults aged 65 and over. The aim of these recommen-
dations is increased cardiovascular and muscular fitness, bone- and func-
tional health (120). Yet, accumulating evidence indicates that many older 
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adults living in western countries engage in only approximately 6–10 
minutes of MVPA daily (121, 122); instead, more time is devoted to light 
physical activity (LPA) or sedentary behaviour. 

Opportunities to engage in sedentary behaviour in modern society, in-
cluding entertainment (e.g., television viewing and computer use), trans-
portation (e.g., car and underground travel), and shopping (e.g., online 
shopping), are ubiquitous. As such, sedentary behaviour is an important 
facet of human behaviour, and objective measurements estimate that the 
average adult spends 50–60% of her or his waking time in sedentary pur-
suits (123). Increasing age and female sex are also linearly associated with 
more sedentary time (121). Yet, global recommendations about sedentary 
behaviour have only recently been defined (120), and these state that 
adults aged 65 years and older should limit the amount of time spent in 
sedentary pursuits and replace sedentary behaviour with higher-intensities 
physical pursuits. Finally, older adults should strive to spend more time 
than recommended in MVPA to reduce the potential detrimental influence 
of sedentary behaviour on health outcomes (120). Despite the recent 
changes to guidelines regarding sedentary behaviour, recommendations 
regarding the amount of sedentary time or its aggregation in shorter or 
longer periods are not clearly stated. 

1.5.2 Physical activity 
PA is defined as any activity involving bodily movements produced by 
skeletal muscles requiring an energy expenditure exceeding that of sitting 
or lying down (> 1.5 metabolic equivalents of task) (120). Engagement in 
PA can therefore be accomplished at varying intensity levels (i.e., LPA or 
MVPA) and in various forms (e.g., walking, running and cycling).  

Although the influence of PA on cardiometabolic health is well estab-
lished, less is known regarding its association with systemic inflammation. 
Evidence from cross-sectional studies has consistently shown beneficial 
links between higher-intensity PA (i.e., MVPA) and biomarkers of system-
ic inflammation, supporting the beneficial role of PA. However, these 
indications have predominantly been found in middle-aged and not older-
aged adults (115, 124-127). The few studies conducted with older adults 
nonetheless also report inverse associations between time spent in MVPA 
and levels of IL-6, CRP, and fibrinogen (128-131). While epidemiological 
studies indicate an inverse association between PA and inflammation, 
experimental trial studies targeting increasing PA behaviours show incon-
sistent results without a concomitant weight loss (132, 133). The contra-
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dictory findings indicate at an unclear relationship between the relative 
contributions of PA and weight loss to reduce systemic inflammation. Still, 
in cardiac rehabilitation programmes it has been concluded that PA is 
beneficial for a wide range of clinical factors including inflammation in 
older adults, independently of adiposity (134). 

Despite consistent epidemiological evidence showing links between PA 
and systemic inflammation, further research is warranted. Importantly, 
systemic inflammation is commonly assessed using a small number of 
specific and well-known biomarkers (e.g., CRP and IL-6), while PA is 
predominantly assessed though self-reported data. Self-reported data are 
limited in their ability to capture activities of lower intensity (e.g., LPA 
and sedentary behaviour) and cannot accurately quantify patterns of activ-
ity (i.e., occurring in bouts of longer or shorter duration). Evidence from 
objective measurements of PA highlight the importance of distinguishing 
between LPA and MVPA when investigating the influence of PA on sys-
temic inflammation. For example, while spending time in LPA has been 
beneficially associated with systemic inflammation (126, 128-130, 135), a 
clear association remains to be elucidated. As LPA (e.g., standing and 
walking slowly) is considerably less strenuous than is MVPA (e.g., running 
and cycling), it may affect inflammation differently. However, LPA is a 
more readily available form of PA in an older population in which partici-
pation in more strenuous activities may be challenging, highlighting the 
importance of understanding the influence of LPA on cardiometabolic 
health. Indeed, evidence of several barriers to PA has been found in both 
healthy and chronically diseased populations, limiting the engagement in 
MVPA, such as perceptions of physical abilities, and fear of injury and 
falls (136-138). 

While the evidence regarding the influence of separate dimensions of PA 
(e.g., LPA and MVPA), on markers of systemic low-grade inflammation 
has been presented, it is typically reported without accounting for the 
concept of time. As time is finite, the engagement in one PA behaviour 
automatically displaces time spent in another, a matter not fully addressed 
in the current literature. Controversies also remain regarding the dose-
response relationships between different intensities of PA and markers of 
systemic inflammation in older adults. This is of importance given that 
older adults are more likely to spend time in sedentary- or low-intensity 
pursuits (121) and is reflected in the World Health Organizations updated 
guidelines on displacing sedentary time with PA of any intensity (120).  
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1.5.3 Sedentary behaviour 
Sedentary behaviour is defined as any activity with an energy expenditure 
equal to that of sitting or lying down (≤ 1.5 metabolic equivalents of task) 
(120, 139), and an exponential growth in research concerning sedentary 
behaviour has been observed in recent years. To date, spending time in 
sedentary behaviour, particularly longer periods of continuous sedentary 
behaviour, has been found to be associated with elevated risks of CVD 
mortality, type-II diabetes mellitus, and cancer, increased waist circumfer-
ence (WC), shortened life span, and depressed lipoprotein lipase activity, 
as well as with elevated blood pressure, blood glucose, insulin, and lipo-
proteins (118, 119, 140-144). Sedentary behaviour is also suggested to 
contribute to systemic inflammation in older populations. However, recent 
systematic reviews have concluded that there is a relative paucity of inves-
tigations of the relationship between sedentary behaviour and systemic 
inflammation in older adults (145, 146). Despite an inconclusive evidence 
base, adverse associations are reported self-reported total sedentary behav-
iour and TV viewing, with the pro-inflammatory biomarkers IL-6, TNF-α, 
and CRP (38, 39, 147, 148). Adverse associations with CRP and IL-6 are 
also reported for objectively measured sedentary time in both healthy 
adults and adults at risk of/diagnosed with type-II diabetes mellitus (123, 
149-151). While detrimental links have been presented, the underlying 
mechanisms accounting for them and how much is mediated through PA 
and adiposity are unclear.  

An important development in the area of sedentary behaviour research 
is the consideration of sedentary time not only as total time but as patterns 
of sedentary behaviour and bouts of uninterrupted sitting of varying dura-
tions. It is suggested that longer sessions of uninterrupted sedentary time is 
disadvantageous even among individuals who meet PA recommendations. 
For instance, in chronically inactive persons (i.e., sitting still for long peri-
ods and with low PA), the engagement in an acute one-hour bout of stren-
uous aerobic exercise failed to improve postprandial plasma triglycerides, 
glucose and insulin responses (152). It was concluded that physical inac-
tivity created a condition of “exercise resistance” to the metabolic im-
provements generally observed with aerobic exercise. It can therefore be 
hypothesised that extensive sedentary behaviour and low PA status may 
impair cardiometabolic adaptations commonly associated with PA. Con-
sequently, thresholds of 6–8 hours a day of total sitting and 3–4 hours per 
day of TV watching have been proposed to be associated with significantly 
increased risk of all-cause and CVD mortality (153). Interestingly, fre-



28 OSCAR BERGENS Chronic Systemic Inflammation, Body Composition and … 

quently interrupting sedentary patterns with bouts of PA of any intensity 
may attenuate the adverse biological effects of sedentary behaviour (120, 
154). Nevertheless, previous studies of sedentary behaviour and systemic 
inflammation have predominantly focused on total time or accumulated 
time in specific activities (e.g., TV viewing). Less attention has been paid 
to the pattern of the sedentary periods and the frequency of interrupting 
sedentary behaviour. It is therefore important to consider the duration and 
patterns of occurring sedentary time (i.e., whether or not sedentary time is 
spent in uninterrupted periods or short bouts) and the frequencies of 
breaks in sedentary patterns in combination with total accumulated seden-
tary time. Conclusively, the body of evidence regarding the associations 
between sedentary behaviour and systemic inflammation is modest com-
pared with what is known about the association between PA and systemic 
inflammation, and the matter warrants further investigation. 

1.6 Knowledge gaps 
Ageing is associated with a progressive decline in bodily systems and func-
tions, with systemic inflammation being proposed to be a contributing 
factor.  

Several knowledge gaps related to the occurrence of systemic inflamma-
tion, its interplay with body composition, and potential links to dimen-
sions of PA behaviours in older adults remain to be clarified. In particular, 
greater knowledge is required of: (1) to what extent systemic inflammation 
is related with indicators of adiposity in older adults and whether these 
links are moderated by cardiorespiratory fitness; (2) to what extent PA 
behaviours influence levels of systemic inflammation in older adults; and 
(3) to what extent systemic inflammation is related to muscle health in
older adults is warranted.
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Aim of the thesis 
The overall aim of this thesis is to explore relationships between bi-
omarkers of systemic inflammation, body composition, and PA behaviours 
in older adults.  

The specific aims were: 

I. To examine the moderating impact of cardiorespiratory fitness 
on links between adiposity and pro- and anti-inflammatory bi-
omarkers related to metabolic risk in physically active older 
women (Study I);

II. To determine the influence of reallocating objectively assessed 
time in PA on the acute phase proteins CRP and fibrinogen, 
and the adipokine adiponectin in older community-dwelling 
women at different levels of metabolic risk (Study II);

III. To explore relationships between objectively assessed sedentary 
patterns and pro- and anti-inflammatory biomarkers in older 
men and women (Study III); and

IV. To investigate associations between indicators of muscle health 
and systemic inflammation, including pro- and anti-
inflammatory biomarkers in older men and women (Study IV).
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2. Methods 

2.1 Participants  
Studies I and II are based on a cross-sectional study including 122 com-
munity-dwelling older women aged 65–70. Exclusion criteria were: 1) 
smoking, 2) diagnosed with coronary heart diseases or diabetes mellitus, 
3) prescribed anti-inflammatory medication and 4) mobility disability. 

Studies III and IV are based on a cross-sectional study including 252 
community-dwelling older men and women aged 65–70. Exclusion criteria 
were: 1) presence of overt disease such as diabetes mellitus or diagnosed 
coronary heart disease, 2) mobility disability, 3) smoking and 4) pre-
scribed anti-inflammatory medication. 

All participants received verbal and written information prior to inclu-
sion in the studies, and written informed consent was gathered from all 
participants prior to inclusion. Ethical approval was obtained from the 
regional Ethical Review Board in Uppsala (Dnr. 2011–033 and Dnr. 
2017–511). All participants in studies I–IV were recruited through local 
advertisements.  

2.2 Assessment of anthropometrics (studies I–IV) 
In studies I–IV body weight (kg) and height (cm) were measured using a 
digital scale and portable stadiometer to the nearest 0.1 kg and 0.5 cm, 
respectively. Body mass index (BMI) was calculated as body weight (kg) 
divided by the square of height (m2). The WC (cm) was measured at the 
midpoint between the lower rib margin and the iliac crest to the nearest 
0.1 cm.  

In Study I, the waist–hip ratio (WHR) was obtained by dividing WC by 
hip circumference. The hip circumference (cm) was measured at the widest 
point over the buttocks to the nearest 0.1 cm. The percentage total fat 
mass was determined with bioelectrical impedance analysis (BIA) (TAN-
ITA BC-420MA, Tanita Corporation, Tokyo, Japan) in an overnight fast-
ed state. Cut-off points to define adipose tissue-related risk groups in 
Study I were ≥25 kg/m2 and ≥0.85 for BMI and WHR, respectively. The 
median value was used for total fat mass to distinguish between high-risk 
(above median) and low-risk groups (below median). 

Body composition was assessed using BIA (TANITA MC-780MA, Tan-
ita Corporation, Tokyo, Japan) in an overnight fasted state in Study IV. 
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Skeletal muscle mass was calculated from the BIA resistance using the 
Janssen equation (155):  

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑆𝑆𝑆𝑆 𝑚𝑚𝑆𝑆𝑚𝑚𝑚𝑚 (𝑆𝑆𝑘𝑘)  = [(𝐻𝐻𝑆𝑆𝐻𝐻𝑘𝑘ℎ𝑆𝑆2 𝐵𝐵𝐵𝐵𝐵𝐵 𝑟𝑟𝑆𝑆𝑚𝑚𝐻𝐻𝑚𝑚𝑆𝑆𝑆𝑆𝑟𝑟𝑚𝑚𝑆𝑆⁄ 𝑥𝑥 401) +
(𝑘𝑘𝑆𝑆𝑟𝑟𝑔𝑔𝑆𝑆𝑟𝑟 𝑥𝑥 3.825) + (𝑆𝑆𝑘𝑘𝑆𝑆 𝑥𝑥 − 0.071)] + 5.102.  

where height is measured in cm, BIA resistance is measured in ohms, 
gender is 0 for women and 1 for men, and age in years. Total skeletal 
muscle mass was then expressed in relation to body weight to obtain the 
skeletal muscle mass index (SMI). 

2.3 Assessment of physical activity (studies I–IV) 
Accelerometer-based assessment of PA over a seven-day period was per-
formed using Actigraph GT3x activity monitors (Actigraph, Pensacola, 
FL, USA) in studies I–IV. Participants were instructed to wear the monitor 
tightly fastened with an elastic belt on the right hip (i.e., iliac crest) and 
activity was monitored in 60-second epochs. All participants were in-
structed to wear the monitor during all awaking hours, except during 
water-based activities, and to note all times when the monitor was re-
moved during waking time. A minimum of four days with at least 10 
hours of wearing time per day was required for inclusion. Non-wearing 
time was defined as a minimum of 60 minutes of continuous zero counts 
per minute (CPM).  

Study I used, an algorithm established for the assessment of time spent 
in health-enhancing PA of at least 150 minutes per week (156). 

In studies II and III, the cut-off algorithms for sedentary time, time in 
LPA and time in MVPA were set at <100, 100–2019 and ≥2020 CPM 
respectively in accordance with previous research on older adults (122, 
130).  

In Study III, breaks in sedentary behaviour were defined as any 60 sec-
onds of ≥100 CPM and were expressed in relation to occurrences per sed-
entary hour. Time spent in sedentary patterns was retrieved as three sepa-
rate outcomes: total accumulated time and, amount of time occurring in 
bouts of ≥10 and ≥30 minutes. Volume of PA was retrieved as time spent 
in MVPA and total volume of PA as total CPM.  

In Study IV, volume of daily PA was retrieved as average daily CPM.  
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2.4 Assessment of cardiorespiratory fitness and muscle 
strengthening activities (studies I and IV) 
Cardiorespiratory fitness was assessed via standardised submaximal exer-
cise testing on a cycle ergometer (Model 874E, Monark, Varberg, Sweden) 
in Study I. Participants cycled for six minutes at 50 revolutions per minute 
at a constant workload, and the heart rate was measured throughout the 
test (157). The average heart rate based on the last two minutes was used 
to predict VO2max, which was expressed in relation to body weight (mL 
O2/min-1/kg-1). Participants were categorised into low- or high-
cardiorespiratory fitness groups based on whether they were below or 
above the median value respectively. 

Engagement in MSA during the past 12 months was assessed using the 
second EPIC Physical Activity Questionnaire (EPAQ2) (158) in studies I 
and IV. Participants were asked to report the frequency and duration of 
both aerobic and muscle strengthening activities (e.g., resistance training, 
rhythmic gymnastics, low- and high-intensity aerobics, water-based gym-
nastics, self-designed strength training, rubber band-based training, and 
DVD-based exercise). Based on reported frequencies of MSA, participants 
were stratified into low (fewer than two reported MSA sessions per week) 
and high (two or more reported MSA sessions per week) groups in ac-
cordance with the recommended frequency of MSA in older adults (120).  

2.5 Assessment of muscle strength (Study IV) 
Muscle strength was assessed using handgrip strength and five sit-to-stand 
(5-STS) testing. The handgrip strength (kg) of the dominant hand was 
determined as the best out of three attempts using a Jamar handheld dy-
namometer (Patterson Medical, Warrenville, IL, USA). Handgrip strength 
was then expressed in relation to body weight. Total time to complete 5-
STS was measured in seconds. Participants were instructed to repeat the 
sequence of standing up fully upright from a chair and sitting down five 
times. 

2.6 Assessment of dietary score and protein intake (studies III 
and IV) 
Information on dietary habits was collected using a 90-items food fre-
quency questionnaire (FFQ) based on validated 84-item and 65-item FFQs 
developed within the Västerbotten Intervention Programme (159). Partici-
pants were instructed to report the intake frequencies for food items using 
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a nine-level scale (never to four or more times per day). For each compo-
nent on the plate (i.e., potatoes/rice/pasta, meat/fish, and vegetables), an 
additional four-level scale was given to register the individual intake of 
these components. Portion sizes were illustrated by four photos, showing 
different amounts of food. 

In Study III, a dietary inflammation index (DII) score was calculated 
from 30 food items. Standardised z-scores were determined for all 30 
items by expressing the individual exposure relative to the “standard glob-
al mean” and converting it to a percentile score. To achieve the normal 
distribution of scores centred on 0 and bounded between -1 (maximally 
anti-inflammatory) and +1 (maximally pro-inflammatory), each percentile 
score was doubled and “1” was subtracted. The centred percentile score 
was then multiplied by its respective inflammatory effect score to obtain 
the DII score. Finally, all 30 inflammatory index scores were summed to 
create the DII (160). 

Total protein intake was summed and expressed in relation to body 
weight in Study IV.  

2.7 Assessment of inflammatory biomarkers (studies I–IV) 
Blood samples were obtained between 07.00 and 09.00 in studies I and II, 
and between 08.00 and 10.00 in studies III and IV. Participants were in-
structed to avoid alcohol intake and strenuous PA 24 hours prior to the 
blood sampling and to arrive in an overnight fasted state. Blood was col-
lected by venepuncture from an antecubital vein and centrifuged at 4000 
revolutions per minute for 10 minutes before being aliquoted and stored at 
–80°C until analysis.

The CRP level was measured using a high-sensitivity C-reactive protein
kit by fully automated immunoturbidimetric assay (Advia 1800, Chemis-
try System, Siemens, München, Germany) in studies I–IV. Adiponectin 
was measured using commercially available enzyme linked immuno-
sorbent assay (ELISA) kit (Mercodia, Uppsala, Sweden) in studies I and II. 
In studies II–IV plasma fibrinogen was quantified using an automated 
immunoassay method with polyclonal rabbit anti-human antibody (Dako, 
Glostrup, Denmark). 

A commercially available ELISA kit (Quantikine HS, R&D Systems, 
Minneapolis, MN, USA) was used to determine IL-6 levels in Study I. In 
studies III and IV, IL-6 expression was determined using Proximity Exten-
sion Assay (PEA) technology by means of throughput multiple immunoas-
says (Olink Bioscience, Uppsala, Sweden). PEA technology was used to 
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quantify IL-10, IL-18 and MCP-1 expression in studies I, III, and IV, ex-
pression of MIP-1α in studies I and IV, and TNF-α expression in Study IV. 

In Study I, two composite inflammatory scores were derived by stand-
ardising (z-score) the inflammatory biomarkers adiponectin, CRP, IL-6, 
IL-10, IL-18, MCP-,1 and MIP-1α. The average z-scores were calculated, 
and z-scores for adiponectin and IL-10 were reversed to fit the distribution 
of a higher score having a more negative influence. Scores were summed 
and the average scores were calculated to yield two continuous variables, 
with and without CRP (inflammatory score-7 and inflammatory score-6, 
respectively), weighing the different pro- and anti-inflammatory bi-
omarkers in one score to reflect inflammatory status.  

2.8 Determination of metabolic syndrome risk status (studies I–
III) 
Metabolic factors measured for the determination of MetS status include 
WC, fasting blood triglycerides, and high-density lipoprotein cholesterol 
(HDL cholesterol), blood glucose, and systolic- and diastolic blood pres-
sures. Fasting blood triglycerides and HDL cholesterol levels were deter-
mined using chemistry kits from Ortho-Clinical Diagnostics on a Vitros-
5.1 analyser platform (Ortho-Clinical Diagnostics, Raritan, NJ, USA) and 
the blood glucose level was determined using the Reflotron Plus system 
(Roche Diagnostics, Rotkreuz, Switzerland). Systolic and diastolic blood 
pressures were measured manually after a 15-minute rest in a supine posi-
tion using a mercury sphygmomanometer. 

Metabolic risk status was determined in accordance with the Interna-
tional Diabetes Federations definition of MetS (14) in studies I and II. 
Participants were classified as high (with MetS) or low (without MetS) 
metabolic risk if WC exceeded 80 cm and two of the following criteria 
were met: elevated triglycerides (≥150 mg/dL), reduced HDL cholesterol 
(<50 mg/dL), elevated blood pressure (systolic ≥130 mm Hg or diastolic 
≥85 mm Hg), elevated fasting blood glucose (≥100 mg/dL), treatment for 
lipid abnormality, or diagnosed hypertension (14). 

In Study III, metabolic risk was assessed as a clustered risk score. The 
score was created based on measured MetS risk outcome variables (i.e., 
level of triglycerides, HDL cholesterol, plasma glucose, and mean blood 
pressure, as well as WC). Standardised values (z-scores) of all outcome 
variables were expressed and z-scores for HDL cholesterol were reversed 
before calculating the average z-score from all standardised outcomes, 
weighing the different factors of MetS in one score reflecting MetS risk. 
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2.9 Statistical analysis 
All statistical analyses were performed using IBM SPSS Statistics (version 
24, 26, and 27). Assessments of normal distribution were conducted 
through the visual inspection of probability plots and Shapiro–Wilk tests 
of normality. The level of significance was set to p < 0.05. All variables 
were checked, and log or square root transformed when necessary to fit a 
normal distribution. Assumptions behind linear regression models and 
analyses of variance (ANOVA) between independent variables, including 
linearity, homoscedasticity, and multicollinearity were checked. A priori 
power calculations revealed small to moderate effect sizes with a power of 
≥80% given the study sample sizes and an alpha level of 0.05. 

Study I: Three levels of statistical analysis were performed to examine 
the moderating impact of cardiorespiratory fitness on links between adi-
posity and the inflammatory biomarkers adiponectin, CRP, fibrinogen, IL-
6, IL-10, IL-18, MCP-1, and MIP-1α, and composite inflammatory scores. 
First, Spearman rank correlations were computed in order to examine the 
associations between the different biomarkers of inflammation.  

Second, partial correlation models were explored in order to study the 
strength of associations between continuous measures of adiposity and 
different biomarkers of inflammation when controlling for cardiorespira-
tory fitness. Third, to investigate variations in levels of inflammatory bi-
omarkers between metabolic risk groups determined by adiposity while 
taking into account high or low cardiorespiratory fitness, two-way ANO-
VA was used. ANOVA was used to determine the potential main and 
interaction effects of high- or low-adiposity risk groups and cardiorespira-
tory fitness on individual inflammatory outcomes and composite scores. 
Significant models were further adjusted for adherence to MSA guidelines 
(Yes/No). 

Study II: Two levels of statistical analysis were performed in order to 
investigate the influence of reallocating time spent in PA behaviours on the 
inflammatory biomarkers CRP, fibrinogen, and adiponectin. First, differ-
ences between high- and low-MetS risk groups were determined using one-
way ANOVA. Second, to determine the hypothetical influence of reallo-
cating time spent in different PA behaviours on pro- and anti-
inflammatory markers, an isotemporal substitution model was applied. 
The isotemporal substitution model investigates through regression model 
analysis the effect of reallocating time spent in PA of a given intensity to a 
corresponding amount of time spent in PA of another intensity, while 
holding the total time constant (161).  
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To ensure comparable effect outcomes of variables with different origi-
nal units of measurement, all variables were standardised (z-scores) prior 
to analysis. Time duration in LPA, MVPA, and sedentary behaviour were 
modelled in 30-minute periods prior to analysis. Before inclusion in the 
isotemporal substitution models, linear regression associations between 
each inflammatory biomarker and times spent in LPA, MVPA, and seden-
tary behaviour were assessed. All models were adjusted for age at inclu-
sion and accelerometer wearing time (Model 1). Isotemporal substitution 
models were further adjusted for MetS risk (High/Low) (Model 2). All 
models were analysed using the whole sample, as no associations were 
observed between PA behaviours and MetS risk (low/high risk) in terms of 
inflammatory outcomes.  

Study III: Two levels of statistical analysis were performed in order to 
explore links between sedentary patterns and the inflammatory bi-
omarkers CRP, fibrinogen, IL-6, IL-10, IL-18, and MCP-1 when consider-
ing the potential impact of PA level in older men and women. First, differ-
ences between older men and women were determined using an independ-
ent-sample t-test.  

Second, to investigate links between sedentary behaviour, frequency of 
breaks in sedentary behaviour, and biomarkers of systemic inflammation, 
linear regression models were applied in four steps. To obtain comparable 
effect outcomes from variables with different original units of measure-
ment, all inflammatory biomarkers were expressed as standardised scores 
(z-scores). Time spent in sedentary pursuits, including total and prolonged 
periods and MVPA were modelled in 30-minute periods prior to regres-
sion modelling. All linear regression models were adjusted for accelerome-
ter wearing time and were stratified by sex.  

Before adjusting for PA behaviours, linear associations between each in-
flammatory biomarker and time spent in patterns of sedentary behaviour 
and break rates were first assessed (Model 1). Second, linear regression 
models were used to determine the strength of associations between seden-
tary behaviour, break rates and inflammatory outcomes using a stepwise 
approach in the following order: model 1 + MVPA (Model 2) and model 1 
+ total daily PA (Model 3). Lastly, regression models were used to investi-
gate the strength of association between patterns of sedentary behaviour, 
break rates, and inflammatory outcomes when adjusting for model 2 or 3 
+ MetS (Model 4). The potential association between age at inclusion and 
DII with inflammatory outcomes was first checked by simple linear regres-
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sion. As no statistically significant associations were observed, age and DII 
were omitted from the final analysis to retain statistical power. 

Study IV: Two levels of statistical analysis were employed in order to 
investigate associations between indicators of muscle health (i.e., SMI, 
handgrip strength, and 5-STS) and the systemic inflammatory biomarkers 
CRP, fibrinogen, IL-6, IL-10, IL-18, MCP-1, MIP-1α, and TNF-α in older 
men and women. First, differences between older men and women were 
determined using an independent-sample t-test and a chi-square test of 
independence when necessary. 

Second, linear regression models were applied to investigate links be-
tween SMI, handgrip strength, 5-STS and biomarkers of systemic inflam-
mation. To obtain comparable effect outcomes of variables with different 
original units of measurement, all variables were expressed as standardised 
scores (z-score) before inclusion in statistical models.  

All linear regression models were adjusted for WC, participant age at 
inclusion, and general medication use (Yes/No); the models were then 
stratified by sex. Prior to adjustment of covariates, linear associations 
between SMI, handgrip strength and 5-STS and inflammatory biomarkers 
were explored (Model 1). Covariates were added stepwise in the following 
order: model 1 + protein intake (Model 2), model 2 + average daily CPM 
(Model 3), and model 3 + adherence to MSA recommendations 
(Low/High) (Model 4).  
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3. Ethical considerations 
The research presented here was conducted in accordance with the princi-
ples set by the Declaration of Helsinki. Ethical approval was obtained 
from the regional Ethical Review Board in Uppsala, Sweden for studies I 
and II (Dnr 2011/033) and studies III and IV (Dnr 2017–511), respective-
ly, prior to recruiting participants.  

In accordance with the Declaration of Helsinki and the Swedish Re-
search Council’s ethical principles of good research practice, extensive 
information on the study was provided to all participants orally and in 
written form prior to enrolment in the study. Information was presented 
regarding the purpose of the research project, the researchers’ affiliation, 
risks and benefits of participation, and the fact that participation was 
voluntary. All participants received oral information via telephone during 
the first contact and were given the opportunity to ask questions about the 
study, including what enrolment entailed and what participants were 
asked to do. A second detailed description in written form was distributed 
to all participants upon confirmation of the intent to participate. All par-
ticipants were given the opportunity to ask further questions and provide 
written informed consent prior to inclusion in the studies. All participants 
were informed of their right to conclude participation at their own discre-
tion without the need for clarification or justification. 

Collection of data for studies I and II occurred during the same period 
and all participants were assigned a unique study code to ensure anonymi-
ty during data collection. Studies III and IV were conducted during the 
same period, but separate from studies I and II, and all participants were 
assigned a unique study code separate from that of studies I and II to en-
sure anonymity during data collection and differentiation between study 
populations. The coding documentation and written data are stored sepa-
rately in a locked fireproof room, and all electronic data, including accel-
erometer and body composition data, are stored in an encoded format on 
a password-protected closed-network computer accessible only to author-
ised personnel. Coded biological material was stored in a biobank affiliat-
ed with the School of Health Sciences, Örebro University. 

All physiological examinations conducted for this thesis conformed to 
ethical principles regarding validity and reliability based on previous re-
search. Blood samples were collected by trained medical staff and all sam-
ples were labelled with participant unique ID codes. Precautions were 
taken before and during physiological tests in order to minimise the risk of 
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injury. Before acquiring blood samples and analysing variables, an im-
portant question was raised and considered, concerning what procedures 
were necessary if any measured blood variable was indicative of adverse 
health status. If values indicative of detrimental health status were appar-
ent, it was concluded that the affected participant was to be individually 
contacted and advised to visit a medical centre for examination.  

It was determined that the 5-STS test and the assessment of body com-
position by BIA might entail certain risks. The 5-STS test may increase the 
risk of fall injuries due to sudden accelerations or to changes in balance 
and posture. Safety precautions were devised in order to limit the risks 
associated with 5-STS, including securing the back of the chair against a 
wall and placing the chair near the test leader. While the BIA assessment is 
generally safe, it can lead to significant adverse events if instruments or 
other appliances sensitive to electromagnetic interference (e.g., pacemak-
ers) are present. Accordingly, it was standardised during body composi-
tion assessment using BIA to ask the participant whether he/she was aware 
of any appliances or prostheses that could be sensitive to electrical current. 
If the participant confirmed the presence of sensitive equipment or pros-
theses, a decision was made as to whether the equipment could be safely 
removed (e.g., hearing aids), whether the equipment would not incur risk 
(e.g., hip prostheses), or whether the participant should be excluded from 
the assessment of body composition using BIA. 

Finally, all personal data collected were treated confidentially and all 
statistical analyses and presentations of data in this thesis were done 
anonymously and at the group level. 
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4. Main results and discussion 
The overall aim of this thesis was to investigate relationships between 
biomarkers of systemic inflammation, body composition, and PA behav-
iours in older adults.  

Study I identified detrimental associations between abdominal adipose 
tissue and levels of several pro- and anti-inflammatory biomarkers linked 
with metabolic risk that were not offset by cardiovascular fitness in physi-
cally active older women. Reallocating daily sedentary time to higher-
intensity PA was associated with lower levels of acute-phase pro-
inflammatory biomarkers in community-dwelling older women in Study 
II. Sex-specific links between sedentary time and biomarkers of systemic 
inflammation were observed in Study III. Longer sedentary time was asso-
ciated with higher levels of pro-inflammatory biomarkers in older women 
and lower levels of anti-inflammatory biomarkers in men. Study IV further 
highlighted sex-specific patterns of systemic inflammation, showing in-
verse associations between SMI and levels of pro-inflammatory bi-
omarkers in older women; in contrast, no such associations were observed 
in men. 

4.2 Adiposity-related risk and systemic inflammation (Study I) 
Study I provide evidence of important and distinct patterns of correlations 
between measures of adiposity and biomarkers of systemic inflammation 
when controlling for the influence of cardiorespiratory fitness in physically 
active community-dwelling older women (Table 1). Levels of CRP and IL-
6 were positively associated with all measures of adiposity (i.e., BMI, fat 
mass, and WHR). In contrast, only abdominal adiposity reflected by the 
WHR was associated with elevated levels of IL-18 and MIP-1α and lower 
levels of adiponectin. When further examining the inflammatory load as a 
composite score, with and without CRP, similar positive associations were 
observed for all assessments of adiposity (all p < 0.05). No associations 
were observed between measures of adiposity and IL-10 or MCP-1 (all p > 
0.05). 
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Table 1. Partial correlations between measures of adiposity and, separate and 
composite inflammatory biomarkers adjusted for cardiorespiratory fitness. 

BMI Fat Mass WHR 
Adiponectin -0.17 -0.20 -0.33*
CRPa 0.47* 0.49* 0.35*
IL-6 0.21* 0.25* 0.23*
IL-18b 0.14 0.10 0.26*
IL-10b -0.04 -0.05 0.03
MCP-1 0.01 -0.01 -0.03
MIP-1α 0.13 0.14 0.23*
Inflammatory score-7c 0.38* 0.36* 0.44*
Inflammatory score-6c 0.26* 0.24* 0.39*

BMI: body mass index; WHR: waist–hip ratio; an = 113; bn = 111; cn = 107; 
*p < 0.05; adapted from Bergens et al. (162).

To investigate differences in levels of inflammatory biomarkers and 
composite scores between groups based on adiposity-related risk, all par-
ticipants were sorted into low- and high-risk groups based on adiposity 
measures and MetS risk. Besides categorising participants having total fat 
mass above the median, 48%, 49%, and 42% of the older women were 
categorised as belonging to high-risk groups based on WHR, BMI, and 
MetS, respectively. Regardless of the risk measure, women categorised as 
belonging to the high-risk groups had significantly higher CRP levels (Fig-
ure 1A) and inflammatory composite scores (with or without CRP) than 
did women in the low-risk groups (Figure 1F). Lower levels of adiponectin 
(Figure 1B) were also found in all high-risk groups than in the low-risk 
groups. Levels of MIP-1α were significantly elevated in the high-risk 
groups defined by WHR, total fat mass, and MetS compared with the low-
risk groups (Figure 1E). For IL-6, only those belonging to the high-risk 
category defined by WHR and total fat mass had significantly elevated 
levels compared with those of the low-risk groups (Figure 1C). Finally, 
only the risk group defined by WHR displayed significantly different levels 
of IL-18, with higher levels observed in those categorised as at high-risk 
(Figure 1D). Adjustment for cardiorespiratory fitness level or adherence to 
MSA guidelines (Yes/No) did not attenuate the observed differences be-
tween risk groups for all measured inflammatory biomarkers (all p < 
0.05).  
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The findings of Study I highlight important associations between adi-
posity and circulating levels of the clinically well-established biomarkers 
CRP, adiponectin, and IL-6 in physically active older women. Important 
links between adiposity and inflammatory biomarkers associated with 
obesity-induced insulin resistance through IL-18 and MIP-1α are also 
evident. Study I clearly demonstrates that the region of adiposity accumu-
lation plays a role in systemic inflammation. Stronger links are observed 
between abdominal rather than overall adiposity and inflammatory status 
in this cohort of older women. The presented findings are in accordance 
with the hypothesis that abdominal adipose tissue represents a potent 
source of cytokine and chemokine secretion (163). Adipose tissue can 
secrete several chemoattractant proteins including MCP-1 and MIP-1α 
representing potential pathways linking adipose tissue and cardiometabol-
ic health. For instance, MCP-1 and MIP-1α can facilitate the recruitment 
of macrophages to adipose tissue leading to a state of induced adipose 
tissue inflammation. Adipose tissue inflammation in turn promotes glu-
cose intolerance, insulin resistance, dyslipidaemia, and the development of 
cardiometabolic disease (164-167). The association observed between 
MIP-1α and abdominal adiposity in Study I supports the role of MIP-1α 
as a potent factor involved in age-related adipose tissue dysfunction. 
However, the lack of associations between MCP-1 and adiposity instead 
calls into question the role of MCP-1 in adipose tissue dysfunction in older 
adults. For example, while MCP-1 is suggested to contribute to abdominal 
obesity, it has not been associated with adiposity or other components of 
MetS in patients with manifest vascular disease (168). Study I further 
highlights the deleterious effect of abdominal adipose tissue on inflamma-
tion through the adverse association observed with levels of IL-18. IL-18 
has previously been closely associated with the components of MetS and is 
suggested to be involved in metabolic events preceding the onset of type-II 
diabetes mellitus (169). The findings presented here supports the hypothe-
sis of a contributing role of IL-18 in the pathogenesis of insulin resistance 
previously found in a representative population of adults (170). Of im-
portance, comparison of MetS risk revealed differences in inflammatory 
outcomes similar to those evidenced by single measurements of adiposity-
related risk. 

The investigation of links between adiposity and the two combined in-
flammatory composite scores is a novel aspect of Study I. Generally, sys-
temic inflammation is assessed using single inflammatory biomarkers (e.g., 
CRP), which may not necessarily capture the full and complex nature of 
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the inflammatory processes occurring during ageing. Study I therefore 
presents interesting facets of the characteristics of the inflammatory load 
in ageing. Here it is shown that both combined inflammatory scores, in-
cluding or excluding CRP, were adversely associated with all measures of 
adiposity, indicating the contribution of several inflammatory biomarkers 
to the overall inflammatory load in older women. In line with the findings 
of Study I, adverse associations have previously been reported for compo-
site inflammatory scores (i.e., TNF-α, IL-6, IL-8, IL-10, leptin and adi-
ponectin) and resistant hypertension, BMI, WC and fat mass in obese 
individuals (171).  

The diverging observations between the two potent anti-inflammatory 
biomarkers adiponectin and IL-10 highlight interesting considerations 
regarding the association between adipose tissue and anti-inflammatory 
function. While adiponectin and IL-10 are both suggested to attenuate 
metabolic abnormalities (24, 98), adverse associations were only apparent 
between adiponectin and adiposity in Study I. Although both adiponectin 
and IL-10 have previously been linked with components of MetS, includ-
ing adiposity, the associations are generally weaker with IL-10 (172), 
which may partly explain the difference observed here. The complexity of 
the IL-10 regulatory network may also contribute to the lack of associa-
tions. The production and function of IL-10 involve multiple cellular 
sources, targets and feedforward conditions (173). In contrast, adiponectin 
originates from adipocytes and its concentration levels are more directly 
influenced by alterations in adipocyte function (174). Interestingly, exer-
cise-induced elevations in adiponectin can occur both with (175) and 
without (176) a concomitant loss of adiposity.  

The fact that cardiorespiratory fitness or being physically active did not 
affect any of the observed links between overall and abdominal adiposity 
and systemic inflammation in Study I emphasises the clinical importance 
of reducing excess adipose tissue in physically active older women. Study I 
is one of the first studies to explore the potential moderating effect of car-
diorespiratory fitness on links between adiposity and inflammation in this 
population. One previous study has reported links between inflammation, 
adiposity and cardiorespiratory fitness in an older population (177). How-
ever, the associations were investigated using a single inflammatory bi-
omarker (CRP) and any influence of cardiorespiratory fitness on associa-
tions between adiposity and inflammation was not determined. In younger 
populations, associations between abdominal adiposity, fitness level, and 
inflammatory biomarkers have been evidenced, and found to be attenuat-
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ed when adjusting for adiposity (178-180). While evidence reporting asso-
ciations between cardiorespiratory fitness and CRP independently of BMI 
has been presented (111, 112, 181), data on the implications of abdominal 
adiposity for observed links are unavailable (112, 181). Instead, ab-
dominal adiposity has been suggested to partly explain links between car-
diorespiratory fitness and systemic inflammation (182).  

Altogether, the findings of Study I extend the current body of evidence 
and show that systemic inflammation measured both as levels of individu-
al markers and as composite scores is linked with increased adiposity in 
physically active older women and is not moderated by cardiorespiratory 
fitness. The study also supports the hypothesis of a stronger detrimental 
role of adiposity aggregation in the abdominal region by identifying 
stronger links with systemic inflammatory load than those found by gen-
eral adiposity assessments. 
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Figure 1. Estimated marginal means (z-scores) and standard errors for (A) C-
reactive protein (CRP), (B) adiponectin, (C) interleukin-6, (D) interleukin-18, € 
macrophage inflammatory protein 1-α, and (F) inflammatory score with CRP in 
high (closed bars) and low (open bars) metabolic risk groups defined by BMI, fat 

mass, and WHR and in those with (closed bars) and without (open bars) MetS. *p 
< 0.05, statistically significant difference between low- and high-risk groups and 

MetS; adapted from Bergens et al. (162). 
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4.3 Sedentary behaviour and systemic inflammation (studies II 
and III) 
Adverse associations were observed between time spent in sedentary be-
haviour and systemic inflammation in Study II, with longer times being 
associated with higher fibrinogen levels in community-dwelling older 
women. No associations were apparent between sedentary time and CRP 
or adiponectin. Study III confirms and extends these findings, demonstrat-
ing that longer total sedentary time was associated with higher fibrinogen 
and IL-6 levels (Model 1, Table 2) in community-dwelling older women. 
Furthermore, associations were observed between sedentary time occur-
ring in prolonged bouts of ≥10 minutes and higher fibrinogen levels in 
Study III (Model 1, Table 2) in older women. No other association were 
observed with the pro-inflammatory biomarkers MCP-1, CRP, and IL-18 
or the anti-inflammatory biomarker IL-10 (all p > 0.05). Study III also 
highlights significant sex-specific differences in associations between sed-
entary behaviour and systemic inflammation. While sedentary behaviour 
was associated with pro-inflammatory pathways in women, the same was 
not observed in men. Associations were instead observed between total 
sedentary time and ≥10-minutes bouts of sedentary time and lower levels 
of the anti-inflammatory cytokine IL-10 (Model 1, Table 3). No other 
significant associations were observed between inflammatory biomarkers 
and sedentary behaviour in older men. Overall, the findings of studies II 
and III suggest that sedentary behaviour is adversely associated with pro- 
and anti-inflammatory biomarkers and that these links may occur in sex-
specific pathways.  

Studies II and III are two of the few studies investigating objectively as-
sessed sedentary time and pro- and anti-inflammatory markers in older 
adults. Although associations between sedentary time and elevated levels 
of CRP, fibrinogen, TNF-α, and IL-6 have previously been evidenced (38, 
39, 123, 126, 130, 147-151, 183-185), many studies are based on self-
administered questionnaires about PA behaviours. The subjective assess-
ment of PA behaviours impedes the possibility of determining the influ-
ence of sedentary behaviour on systemic inflammation. While the findings 
presented here suggest that sedentary behaviour is linked with adverse 
systemic inflammation status in older adults, it is important to mention 
that contrasting findings have also been presented. For example, when 
assessing systemic inflammation as a composite score of several bi-
omarkers, a lack of association with sedentary time has been reported in 
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older men and women (186). The authors suggest that the health status of 
the included participants was a potential confounding factor explaining 
this observation. Yet, as both studies II and III included participants of 
similar health status this cannot fully explain the conflicting findings. 
However, considering the potential sex-differences presented in this thesis, 
a contributing factor may be the inclusion of a smaller cohort of men and 
women (men, n = 45; women, n = 78) and the performance of clustered 
and not sex-stratified analysis. An important aspect of Study III is the 
different associations between sedentary behaviour and pro- and anti-
inflammatory biomarkers in older men and women. This evidence is sup-
ported by previous literature which also reports stronger links between 
sedentary behaviour and levels of fibrinogen and IL-6 in women than in 
men (38, 39, 148). Clinical and experimental studies have also demon-
strated marked sex differences in inflammatory responses. For instance, 
women exhibit more pronounced pro-inflammatory response during acute 
infections than do men (29, 187). Women have also been shown to mount 
significantly stronger pro-inflammatory responses in terms of elevated 
levels of TNF-α and IL-6 when exposed to low-load bacterial endotoxin; 
in comparison, men mount more profound anti-inflammatory responses 
through elevated IL-10 levels in response to the endotoxin (188). 

Study III builds on existing literature by investigating the impact of pro-
longed sessions of sedentary time lasting ≥10 and ≥30 minutes. It is 
thought that prolonged sedentary behaviour lasting ≥30 minutes is partic-
ularly detrimental to health. For instance, when compared with shorter 
bouts, ≥30-minute bouts have been associated with higher risks of MetS in 
middle-aged and older adults (189). Based on the objective assessment of 
sedentary time in Study III, bouts persisting ≥10 minutes were consistently 
associated with higher levels of IL-6 and fibrinogen in older women and 
lower levels of IL-10 in older men. It was expected that bouts of ≥30 
minutes of sedentary time would display stronger associations, but this 
was not observed. While the underlying cause of these contrasting results 
is unknown, the methodology of assessing ≥30- and ≥10-minute bouts 
present a potential explanatory factor. Due to the nature of filtering seden-
tary behaviour as any activity with <100 CPM, the likelihood of natural 
sporadic breaks occurring in this filter within a 30-minute window is 
higher than within a 10-minute window. The assessment of ≥30 minutes 
of sedentary time is therefore limited by the nature of the CPM algorithm. 
It has therefore been concluded that the ≥10-minute algorithm is appro-
priate for capturing prolonged sedentary time (190), and it has previously 



OSCAR BERGENS  Chronic Systemic Inflammation, Body Composition and … 
 

49 
  

been associated with raised diastolic blood pressure and reduced HDL 
cholesterol (142).  

Further adjustment for PA in Study III revealed important implications 
of PA behaviours in older women. Adjusting for time spent in MVPA 
(Model 2, Table 2) or daily PA (Model 3, Table 2) and MetS did not at-
tenuate associations between total sedentary time and fibrinogen. Howev-
er, daily PA (Model 3, Table 2) but not time spent in MVPA (Model 2, 
Table 2) attenuated links between bouts of ≥10 minutes of sedentary time 
and fibrinogen and between total sedentary time and IL-6 in older women. 
These findings highlight important differences between total PA time and 
the intensity level of PA with associations between sedentariness and in-
flammation in older women. Generally, MVPA is considered when explor-
ing the implications of sedentary time with systemic inflammation (128, 
147, 150, 151, 191). For instance, Gennuso et al. (151) showed that 
spending sufficient time in MVPA (>150 minutes/week), as indicated by 
accelerometers, did not significantly attenuate links between sedentary 
behaviour and CRP. Previous studies have also shown that associations 
between total sedentary time and fibrinogen levels in older women occur 
independently of MVPA (128). However, considering that time spent in 
MVPA represents a small part of daily time (~3.5% in Study II and ~5% 
in Study III), residual confounding from remaining time spent in lower-
intensity PA may still be present. The potential volume of the residual 
effect justifies the inclusion and importance of considering total daily PA 
behaviour. The inclusion of average PA volume attenuated observed links, 
suggesting that smaller amounts of total daily PA may partly explain the 
detrimental associations observed between sedentary behaviour and sys-
temic inflammation in older women in Study III.  
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In men, associations between total sedentary time and ≥10-minutes 
bouts of sedentary time and IL-10 (Table 3) were retained when adjusting 
for MVPA (Model 2, Table 3) and total CPM (Model 3, Table 3). Further 
adjustment for MetS also did not significantly attenuate observed associa-
tions. The independent and inverse association observed between seden-
tary behaviour and IL-10 in Study III corresponds to previous evidence 
suggesting that sedentariness is associated with lower IL-10 gene expres-
sion (193). While Ferrer et al. (193) examined subjectively measured PA 
behaviour using questionnaires, they observed that active and sedentary 
older adults had markedly different IL-10 gene expressions. They also 
demonstrated significant anthropometrical differences between active and 
sedentary men, suggesting that elevations in IL-10 are associated with a 
PA-related reduction in adipose tissue. Variations in IL-10 expression may 
also occur through muscle activity. The main cellular source of changes in 
IL-10 is Treg cells, and to induce elevations in Treg-cell frequency and 
subsequently IL-10 expression, it is suggested that strenuous PA is neces-
sary (27). Consequently, as sedentary behaviour is characterised by low 
muscle activity it may cause insufficient stimulus to elevate IL-10 secre-
tion. The findings of Study III suggest that reducing sedentary behaviour 
in older men across different levels of PA behaviour and metabolic risk 
status may promote anti-inflammatory processes.  

Altogether, the findings from studies II and III show that sedentary be-
haviour is associated with higher levels of circulating pro-inflammatory 
and lower levels of circulating anti-inflammatory biomarkers in older 
adults independently of metabolic risk. Sex appears to play an important 
part in systemic inflammation in older adults contributing to sex-specific 
associations with sedentary time. The findings presented here highlight the 
importance of the recently established recommendations regarding seden-
tary time and further emphasise the necessity of including recommenda-
tions regarding extended periods of uninterrupted sedentary time. 
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4.4 PA and systemic inflammation (studies II and III) 
In addition to investigating the impact of sedentary behaviour, Study II 
sought to determine the influence of PA of varying intensities on pro- and 
anti-inflammatory biomarkers in community-dwelling older women. 
Isotemporal substitution modelling was adopted to investigate the poten-
tial impact of reallocating time spent in lower-intensity PA to higher-
intensity PA. The displacement of a 30-minute period of daily sedentary 
time with a corresponding period of either LPA or MVPA was associated 
with reduced fibrinogen levels (Table 4). Interestingly, displacing 30 
minutes of sedentary time with LPA was not associated with CRP. How-
ever, the reallocation of 30 minutes of either sedentary time or LPA while 
keeping the other constant, with a corresponding period of MVPA, was 
associated with significantly reduced CRP levels (Table 4). Importantly, all 
significant isotemporal substitution models were retained when further 
adjusting for MetS (Table 4) or BMI.  

The findings of Study II are in agreement with previous evidence of 
beneficial associations between LPA and MVPA and lower levels of CRP, 
fibrinogen, and IL-6 (126, 128, 130, 147, 183-185). However, previous 
studies have primarily focused on separate dimensions of PA and do not 
account for the implication that increasing time spent in one PA behaviour 
naturally displaces time spent in another activity. In view of this, the 
isotemporal substitution model allows for the distinction of displacing 
time in one activity behaviour with another while holding the total time 
constant. The isotemporal substitution model has previously been applied 
to show that the hypothetical displacement of sedentary time is associated 
with favourable levels of IL-6, white blood cell counts, and C3 comple-
ment component in middle-aged adults (194). The findings presented in 
Study II extend the existing literature and show that the hypothetical dis-
placement of sedentary time with PA has significant and favourable impli-
cations for reducing acute-phase protein levels in older women. Moreover, 
the influence of PA may occur in protein-specific patterns, where replacing 
sedentary time with PA of any intensity level has significant implications 
for fibrinogen levels. In contrast, changes in levels of CRP appear to be 
exclusively related with spending time in MVPA, with no beneficial effect 
of replacing time spent in LPA. In fact, Study II suggests that, regardless of 
the sedentary time, replacing time in LPA with MVPA is also associated 
with reduced CRP levels.  

In line with the findings reported here, previous isotemporal evidence 
also indicates beneficial effects of replacing sedentary time with PA of any 
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intensity on cardiometabolic risk factors (142, 195-198). Intensity-specific 
effects of PA have also been reported, in which displacing time to LPA has 
been associated with reduced diastolic blood pressure and WC (142, 195), 
and to MVPA with improved glycated haemoglobin and, HDL cholesterol 
as well as lowered mortality risk (196, 197). Altogether, these findings 
suggest that replacing sedentary time with PA of any intensity-level is as-
sociated with beneficial health changes. The transition from sedentary 
time to either LPA or MVPA while keeping the other constant is benefi-
cially associated with levels of fibrinogen, leading to cardiometabolic pro-
tection. However, more strenuous MVPA at the expense of either seden-
tary time or LPA is necessary to influence CRP and associated cardiomet-
abolic risk factors. Although beneficial health effects were observed for 
lower intensities, the findings of Study II support current established 
guidelines for PA in older adults, with the promotion of PA of at least 
moderate intensity being preferred to elicit more substantial health effects. 

The association between frequency of interruptions of sedentary behav-
iour and systemic inflammation was investigated in Study III in older men 
and women. It was observed that a greater frequency of breaks in seden-
tary behaviour was associated with lower fibrinogen levels in older women 
(Model 1, Table 2), independently of MVPA (Model 2, Table 2) but not 
daily PA (Model 3, Table 2). In older men, greater frequency of breaks 
was associated with elevated levels of IL-10 (Model 1, Table 3), inde-
pendently of time spent in MVPA (Model 2, Table 3) or daily PA (Model 
3, Table 3) and MetS. Notably, CRP was significantly correlated with time 
spent in MVPA for both sexes in Study III, confirming the observations 
from Study II suggesting that intensities above LPA are necessary to elicit 
changes in CRP level in both sexes.  

The findings of Study III indicate that interrupting sedentary behaviours 
more frequently (i.e., a higher break rate) is associated with more favour-
able inflammatory profiles. Importantly, associations between pro-
inflammatory biomarkers and break rates were attenuated by the inclusion 
of daily PA for older women. This supports the hypothesis that in this 
cohort of older women, the role of daily PA behaviours may be more im-
portant for systemic inflammation than is time spent specifically in seden-
tary behaviour or MVPA. In comparison, the presented evidence suggests 
that changes in IL-10 in older men are more reliant on breaking sedentary 
behaviour regardless of the mode of activity and total daily PA. In line 
with Study III, previous literature has also reported beneficial implications 
of frequent breaks in sedentary patterns with levels of CRP, fibrinogen, 
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and fasting glucose as well as for WC (143, 199, 200). The findings pre-
sented here contribute to current literature and highlight sex-specific asso-
ciations between systemic inflammation and breaks in sedentary patterns 
in older adults.  

Importantly, a break in sedentary patterns is any bodily movement elic-
iting >100 CPM, meaning that interrupting sedentary behaviour does not 
necessarily require “exercise” or strenuous PA. Indeed, breaks for LPA 
have previously been associated with attenuated fibrinogen levels (199). 
Moreover, participant characteristics may affect the role of different inten-
sity levels in triggering beneficial health effects (201). Interruptions for 
LPA may provide sufficient stimulus to induce acute favourable changes in 
postprandial metabolic parameters in physically inactive adults, but higher 
intensity levels and longer times may be more effective in young and ha-
bitually physically active adults (201). Nonetheless, breaks for both LPA 
and MVPA have been associated with improved haematocrit, haemoglo-
bin, and red blood cell levels, as well as lower postprandial glucose and 
insulin levels (199, 202).  

Altogether, the findings of studies II and III show that frequently inter-
rupting and reducing time spent in sedentary behaviour in favour of more 
strenuous activities is associated with improved inflammatory status in 
older adults. The presented findings support established guidelines regard-
ing the beneficial effects associated with MVPA, but also highlight the 
beneficial implications of spending time in LPA for systemic inflammation 
in community-dwelling older adults. These findings emphasise the im-
portance of observing total daily PA behaviours and the influence of lower 
intensities of PA on systemic inflammation, intensities that are currently 
not fully addressed in stated recommendations. The incorporation of regu-
lar breaks in sedentary patterns is a feasible strategy in many different 
contexts to reduce sedentary time, increase daily PA, and reduce cardi-
ometabolic health risks in older adults. Given the diverging associations 
between PA behaviour and systemic inflammation presented here and in 
previous literature, it can be hypothesised that associations between PA 
behaviours and systemic inflammation occurs in protein- and sex-specific 
pathways in older adults.  
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4.5 Potential mechanistic links between PA behaviours and  
systemic inflammation (studies II and III) 
Multiple mechanisms may contribute to the observed associations between 
PA behaviours and specific inflammatory biomarkers (204), with the liver 
secretion of acute phase proteins having been hypothesised to be sensitive 
to PA-intensity. Alterations in the liver secretion of CRP may occur in 
response to MVPA but not to PA of lower intensities, potentially through 
adipose tissue-dependent modulations. This hypothesis is in line with the 
evidence from Study I and previous studies showing strong associations 
between circulating CRP levels and adipose tissue through adipocyte ex-
pression of IL-6 and TNF-α (78). Alternatively, MVPA may also modulate 
CRP release independently of adipose tissue, as suggested by evidence of 
associations between IL-6 and MVPA when controlling for visceral fat 
(174). Habitual PA may also influence inflammatory pathways through 
other mechanisms, including changes in muscle mass and adipose tissue 
volumes, increased fatty acid oxidation and mitochondrial function, re-
duced macrophage infiltration, and modulation of glucocorticoid secretion 
through improved stress resilience, insulin sensitivity, and function of insu-
lin sensitive proteins  (115, 125, 204-206).  

Correspondingly, multiple potential mechanisms may contribute to the 
observed associations between sedentary behaviour and systemic inflam-
mation, including minimal energy expenditure and the inadvertent pro-
moting adipose tissue accumulation, infiltration of macrophages in adi-
pose tissue, and elevated glucocorticoid secretion (80, 163, 207). 

4.6 Muscle health and systemic inflammation (Study IV) 
Study IV sought to investigate links between indicators of muscle health 
(i.e., SMI, handgrip strength, and 5-STS) and biomarkers of systemic in-
flammation in community-dwelling older men and women. Initial sex-
stratified models showed significant sex-specific associations between indi-
cators of muscle health and inflammatory biomarkers when adjusting for 
WC, age, and prescribed medical use (Yes/No). Greater SMI was inversely 
associated with CRP, fibrinogen, and IL-6 levels (Table 5) in older wom-
en. No associations were observed between SMI and any of the measured 
inflammatory biomarkers in older men (Table 6). Models in older women 
were further adjusted for well-established factors contributing to muscle 
health and systemic inflammation. The additional adjustments for protein 



OSCAR BERGENS  Chronic Systemic Inflammation, Body Composition and … 
 

57 
  

intake, average daily CPM, and adherence to MSA guidelines did not at-
tenuate the observed associations in older women.  

The findings of Study IV highlight important sex-specific patterns in as-
sociations between SMI and systemic inflammation, supporting the hy-
pothesis that sex interacts with the regulation of immunological responses 
in ageing. An important observation in Study IV is that the additional 
adjustment for abdominal adiposity did not attenuate links between pro-
inflammatory biomarkers and SMI in women. Generally, adipose tissue is 
considered an important contributor to elevations in systemic inflamma-
tion in older populations (70, 208, 209) and to detrimental changes in 
muscle health (64, 69, 70). Indeed, Study I showed that abdominal adipos-
ity is detrimentally associated with CRP and IL-6 levels in physically active 
older women (Table 1). Similar correlations were also observed in both 
men and women in Study IV. Conclusive evidence supports the hypothesis 
of an adipose tissue-controlled release of cytokines. In line with this evi-
dence, elevated levels of IL-6 and TNF-α are reported in sarcopenic adults 
compared with non-sarcopenic controls (208, 210), supporting the role of 
systemic inflammation in muscle wasting. While the causative role of in-
flammation has not yet been determined, it has been proposed that age-
related sarcopenia, obesity, and immune dysfunction are linked through 
inflammatory cytokines derived from adipose and muscle tissue (211). 
However, abdominal adipose tissue did not significantly attenuate links 
between SMI and systemic inflammation in Study IV, implying the in-
volvement of other underlying mechanisms. Support for this conclusion is 
found in previous literature which reports inverse associations between 
muscle mass and biomarkers of systemic inflammation observed with 
(212-214) and without (22, 68, 215) adjustment for adiposity. Conclusive-
ly, the evidence suggests that women who display more prominent pro-
inflammatory status also have significantly lower muscle mass.  

Associations between PA and systemic inflammation are generally ex-
plored using time spent in MVPA (51, 56, 57, 59, 128-131). However, 
time spent in MVPA commonly represents a minor part of daily waking 
time and does not include the potential confounding impact of other di-
mensions of PA behaviour. Indeed, studies II and III clearly demonstrate 
the importance of considering the different dimensions of PA behaviours 
when investigating systemic inflammation, with time in LPA and MVPA 
as well as frequent breaks in sedentary behaviour being associated with 
improved inflammatory status in older adults. Moreover, Study III also 
highlights that total daily PA volume and not sedentariness itself may part-
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ly explain adverse inflammatory outcomes in older women. Therefore, 
engagement in low volumes of PA and protein intake represent other po-
tent driving factors likely accelerating muscle decline and promotes sys-
temic inflammation in older populations (51-54, 56, 57, 59, 216). Study 
IV shows that PA, assessed as both total amount of PA (CPM) and en-
gagement in MSA, and protein intake did not alter the observed associa-
tions between systemic inflammation and muscle health in older women. 
These findings emphasise the clinical importance of reducing systemic 
inflammation for the maintenance of muscle health in women.  

An interesting observation in Study IV was the apparent lack of associa-
tion between measured biomarkers of systemic inflammation and SMI in 
older men. Current literature presents conflicting evidence regarding links 
between muscle mass and systemic inflammation, with some (56, 68, 213-
215), but not all (64, 212, 217) studies reporting associations between loss 
of muscle mass and systemic inflammation in men. A recent meta-analysis 
concluded that elevated levels of CRP, IL-6, and TNF-α are more strongly 
associated with muscle loss in older men than in older women (22). How-
ever, it was also stated that the associations were strongly influenced by 
the presence, or absence of age-related diseases (e.g., CVD). For example, 
stronger links between levels of IL-6 and muscle loss were shown in popu-
lations diagnosed with CVD than in disease-free peers (22). Accordingly, 
previous study populations have included adults with mobility limitations 
(215), the presence of age-related diseases, and greater levels of adipose 
tissue accumulation (56) or sarcopenic risk (213, 214). While the underly-
ing mechanisms explaining the lack of associations in older men observed 
in Study IV remain to be determined, the fact that only apparently healthy 
older men free from overt diseases were included may have contributed to 
the conflicting results.  

Interestingly, less evident associations were observed between indicators 
of muscle strength and systemic inflammation in both sexes in Study IV. 
Specifically, no associations were observed between handgrip strength and 
systemic inflammation in both older men and women (Tables 5 and 6). 
For the 5-STS test, no associations were observed in older men (Table 7), 
but a longer time to complete 5-STS was associated with higher levels of 
TNF-α in older women when adjusting for WC, age, and prescribed medi-
cation (Yes/No) (Table 5). Further adjustment for protein intake, CPM, 
and adherence to MSA guidelines did not significantly attenuate the ob-
served association. The findings of Study IV stand in contrast to previous 
evidence, with detrimental links consistently being reported between 
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handgrip strength and CRP, IL-6, and TNF-α in both older men and 
women (43, 63, 64, 68, 70, 213, 217-220). Although associations between 
TNF-α and poorer 5-STS performance are reported, the literature evidence 
supporting this association is inconclusive. Two reports have previously 
investigated links between TNF-α and 5-STS in older adults and reported 
no associations (63, 218). One report included findings of four different 
clinical studies including 542 older adults; it concluded that associations 
between TNF-α and 5-STS are generally weaker than those observed for 
CRP and IL-6 (63) and more conclusive evidence is observed for CRP and 
IL-6 (63, 218). While the cause of the contrasting findings of Study IV and 
previous research is not readily apparent, there are differences in the stud-
ied populations. Indeed, previous studies reporting associations between 
muscle strength and inflammation have included both younger and older 
participants (63, 64, 68, 219, 220), with greater levels of adipose tissue 
(63, 64, 220), age-related diseases (63), or sarcopenic status (213, 217). 
Finally, differences in the adjustment for adiposity are observed, with pre-
vious studies controlling for BMI (63, 64, 218, 220), fat mass, percentage 
body fat (63), change in body weight (68), and weight-for-height (213) or 
not controlling for adiposity level (70, 217, 219). The participants in 
Study IV were all apparently healthy and free from overt disease and few 
had handgrip strength values below the EWGSOP2 cut-offs for sarcopenia 
(45) of <27 kg (Men) and <16 kg (Women) (men, n = 0; women, n = 3), 
indicating overall adequate muscle strength. Conclusively, indicators of 
muscle strength appear to be weakly linked with systemic inflammation in 
older adults without manifest disease and with adequate muscle strength 
when controlling for abdominal adipose tissue.  
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4.7 Observed differences in associations between older men and 
women (studies III and IV) 
Stratified analysis revealed sex-specific differences in links between bi-
omarkers of systemic inflammation and patterns of sedentary behaviour 
and indicators of muscle health. Associations were observed between the 
pro-inflammatory biomarkers CRP, fibrinogen, and IL-6, and both seden-
tary behaviour and indicators of muscle health in older women when ad-
justing for known covariates. In contrast, links were only observed be-
tween the anti-inflammatory biomarker IL-10 and sedentary behaviour in 
older men when controlling for known covariates. While the mechanistic 
explanations for these contrasting associations are not readily apparent, 
studies III and IV are in agreement with previous evidence in young and 
old adults (29, 33, 36-39, 148, 187, 188). 

As presented earlier, genetic, hormonal, and behavioural factors may 
account for the sex-specific observations noted here. For example, differ-
ences in hormonal levels are suggested to moderate immunological re-
sponses in different ways (30). Low oestrogen levels are associated with 
enhanced pro-inflammatory responses, including elevated levels of IL-6, 
IL-8, TNF-receptor 1, and fibrinogen (32, 33, 222), and with increased 
relative risk of cardiometabolic events (223). In contrast, hormonal re-
placement therapy has been associated with attenuation of several pro-
inflammatory biomarker levels in older women  (222, 224). Oestrogen 
levels may also influence other cells involved in systemic inflammation 
(e.g., endothelial cells) as well as food intake, energy expenditure, regula-
tion of arterial tone and blood pressure, and excess glucocorticoids secre-
tion (225-229). In contrast, while testosterone is proposed to possess anti-
inflammatory properties, the magnitude of this effect is debatable (230). 

Differences in sex hormones are also suggested to contribute to changes 
in muscle health. Indeed, the ageing process is proposed to particularly 
affect women, contributing to a higher risk of sarcopenic developments 
(231) and to stronger associations between incident frailty risk, CRP, and 
fibrinogen (42). It is well-established that testosterone is a potent anabolic 
factor promoting protein synthesis and the maintenance of muscle health 
in both sexes (232). In contrast, the role of oestrogen in muscle health is 
more ambiguous, although high oestrogen levels are hypothesised to have 
beneficial implications for muscle health in older women (232). For in-
stance, hormonal replacement therapy has been associated with reduced 
post-muscle-injury inflammation (233) and the promotion of muscle re-



62 
 

OSCAR BERGENS Chronic Systemic Inflammation, Body Composition and … 
 

pair processes (234-236). Since chronic systemic inflammation evokes 
catabolic reactions in muscle mass and impairs anabolic responses (46), 
the anti-inflammatory influence of oestrogen level may influence catabolic 
responses.  

Altogether, the evidence from studies III and IV highlights the im-
portance of considering sex when investigating systemic inflammation in 
older adults. Among apparently healthy community-dwelling older adults 
free from overt disease, women may be more susceptible to detrimental 
links between systemic inflammation, muscle health and daily PA behav-
iours. In contrast, older men may be more susceptible to detrimental asso-
ciations between systemic inflammation and sedentary behaviour. 

4.8 Methodological considerations 
Inflammatory biomarkers can be assessed using a variety of methods and 
sources such as whole blood, serum, plasma, and saliva samples. Inflam-
matory biomarkers were assessed from serum by routine analysis in clini-
cal laboratories (i.e., for CRP, fibrinogen, and adiponectin in studies I–IV 
and IL-6 in Study I) or by using PEA technology (Olink Bioscience, Uppsa-
la, Sweden) (i.e., to assess IL-6, IL-10, IL-18, MCP-1, MIP-1α, and TNF-
α) in studies I, III, and IV. PEA technology is a combination of antibody-
based immunoassay and polymerise chain reaction (PCR) for the quantifi-
cation of protein concentrations in serum. The basis of the technology is a 
dual-recognition immunoassay, with two matched antibodies being la-
belled with unique oligonucleotides that bind to the target protein. This 
brings the two antibodies in proximity to each other and allows for hy-
bridisation of the oligonucleotides, creating a unique double-stranded 
DNA “barcode” specific to the target antigen and quantitatively propor-
tional to the initial concentration. The hybridisation and extension are 
immediately followed by PCR (237). This technology has shown good 
validity, variability and reproducibility (238). For the protein data, the 
lower limit of detection was defined as three standard deviations above 
background noise. Assay validation have presented an 7% intra-assay 
coefficient of validation for the inflammatory panel (238). A disadvantage 
of determining protein concentrations using PEA technology is that the 
proteins are presented as relative quantification by normalized protein 
expression (NPX). The NPX value represents an arbitrary unit calculated 
from the cyclic threshold of the PCR and data pre-processing (normalisa-
tion) to minimise intra- and inter-assay variation. This means that the 
NPX-value is only comparable for the same sample and protein biomarker 
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and cannot be compared across different projects run on separate occa-
sions without the use of a reference bridging sample or against other ap-
proaches to protein quantification (239). 

While the inflammation panel allows for the detection of an extensive 
array of proteins, it is necessary to thoroughly consider the statistical ap-
proach of multiple testing when using this panel. Current literature pro-
poses two different strategies to minimise the statistical interference of 
multiple testing; 1) analyse the whole panel using adjustment analysis such 
as Bonferroni correction or the False discovery rate; or 2) analyse specific 
target proteins related with a specific outcome. In this thesis the latter 
strategy was adopted, and both better established (i.e., CRP, fibrinogen, 
IL-6, adiponectin, and TNF-α) and novel (i.e., IL-10, IL-18, MCP-1, and 
MIP-1α) specific target proteins associated with cardiometabolic health 
were chosen. This thesis presents important sex-specific associations be-
tween clinically established and novel biomarkers of systemic inflamma-
tion and PA behaviour and body composition in older men and women. 
However, it is probable that the inflammatory environment in older adults 
is influenced by additional biomarkers not included in the present work. 

Due to the complex nature of PA behaviours and the potential of a wide 
variety of assessment tools to determine PA including questionnaires, pe-
dometers, and accelerometers, the quantification and accuracy of PA as-
sessment is challenging. An important strength of the studies presented 
here is the objective assessment of PA using the Actigraph GT3x accel-
erometer (Actigraph, Pensacola, FL, United States), and the complemen-
tary assessment of activities not readily monitored with accelerometers 
(e.g., strength training) using the EPAQ2 questionnaire. Accelerometers 
can objectively determine the time spent in PA behaviours of varying in-
tensity levels by capturing the frequency and duration of body accelera-
tions and the intensity of bodily movements. In contrast to simpler activity 
monitors such as pedometers, which only capture vertical movements, the 
Actigraph activity monitor is a tri-axial accelerometer capturing accelera-
tions in the three planes of movement (i.e., vertical, mediolateral, and 
anterior posterior). The Actigraph GT3x activity monitor used in this 
thesis has been validated as an objective method for the assessment of PA, 
validly and objectively capturing activity behaviours (240). It has also 
shown high validity with indirect calorimetry in laboratory and free-living 
conditions (241). General recommendations for inclusion when measuring 
PA behaviours by accelerometery include wearing the accelerometer dur-
ing all waking hours for seven days, with a minimum of four days of at 
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least 10 hours of registered wearing time per day. To ensure reliable esti-
mates, four to five monitoring days are necessary (242), and seven day 
measurements are associated with 14–48% lower measurement errors 
than are single day-measurements (one-day: r = 0.90–0.99; seven-day: r = 
0.93–0.99) (243). 

Accelerometers function by filtering digitalised accelerations over a us-
er-specified time interval, commonly referred to as epochs (242). Accel-
erometers are therefore easily influenced by the epoch lengths and algo-
rithms applied to measure PA behaviours. This thesis used an epoch length 
of 60 seconds, in accordance with previous literature (122, 130), which is 
an epoch length having minimal impact on activity measurements in adults 
(242). Accelerometer data can be presented as CPM spent in different 
dimensions of PA (i.e., sedentary time, LPA, and MVPA) or in total activi-
ty counts. A major consideration when presenting data as time spent in 
dimensions of PA is the algorithm applied to differentiate between dimen-
sions. The algorithm capturing time spent in MVPA is the most common 
and debated filter, with multiple choices of established and validated cut 
points. Currently, there is no gold standard for the assessment of MVPA 
in older adults and several algorithms are advocated for, ranging from 
≥760 to ≥2020 CPM (122, 156, 241, 244). In this thesis, two cut points 
were adopted to determine the dimension of time spent in MVPA, i.e., 
≥1041 CPM in Study I and ≥2020 CPM in studies II and III. The appro-
priate algorithm to use for the definition of MVPA is reliant on the aim of 
the study. The aims of studies II and III was to investigate the significance 
of different intensity thresholds for biomarkers of systemic inflammation. 
Investigating this aim necessitated the identification and separate record-
ing of light and moderate intensity PA. The ≥2020 CPM threshold is de-
signed to identify the lower limit of MVPA and represents an intensity 
comparable to three metabolic equivalents of task (122, 245), and was 
adopted for this purpose. The aim of Study I was to investigate links be-
tween adiposity and systemic inflammation, which did not necessitate the 
identification of different dimensions of PA. To facilitate the investiga-
tions, it was only necessary to identify whether or not the participants 
were physically active; a stringent analysis of participation in activities of 
at least moderate intensity was not required. A lower threshold was there-
fore adopted to ensure the engagement in habitual PA, which includes the 
involvement in lower-intensity PA.  

Objective assessment of sedentary behaviour using accelerometery is not 
without its difficulties. Sedentary behaviour is composed of different activ-
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ity behaviours, divided into various shorter and longer engagements in 
activities eliciting low bodily movement (i.e., <100 CPM). As accelerome-
ters are limited in their capability to determine postures, lack of human 
movement and sedentary behaviour regarding posture are assessed with 
accuracy in studies II and III. Nevertheless, a narrative overview of meth-
odologies for the assessment of sedentary behaviour concluded that accel-
erometers provide valid estimations (246). Other measurement tools such 
as questionnaires and interviews are subject to a greater risk of the under- 
and/or overestimation of sedentary time compared with accelerometery. 
Studies II and III used the generally adopted filter of defining non-wearing 
time as 60 minutes or more of consecutive zero CPM. It has been pro-
posed that this algorithm is very strict for older populations, which are 
prone to more sedentary pursuits. An alternative algorithm of 90 minutes 
of consecutive zero CPM, with allowance for a two-minute interval of 
non-zero counts if 30 consecutive minutes of zero CPM occur either up- or 
downstream, has been presented (247). Indeed, a higher frequency of non-
wearing time has been identified by the 60-minute algorithm than by the 
90-minute algorithm with subsequently lower sedentary time (~50 
minutes) (248). Nonetheless, the reported time estimates for sedentary 
time in studies II and III are in accordance with those for other similar 
populations (123, 128, 195, 249). Moreover, considering that the aim of 
studies II and III was to investigate the associations between sedentary 
behaviour and systemic inflammation, the use of the 90-minute algorithm 
would have minimal impact. The 90-minute algorithm may increase iden-
tified sedentary time, but the change would be homogeneous for all partic-
ipants. The distribution of sedentary time would therefore not change 
significantly, and any influence of the 90-minute algorithm on observed 
associations would be negligible.  

When assessing specific sub-dimensions of PA, it is necessary to include 
complementary methods for specific dimensions such as MSA, that may be 
incorrectly registered with accelerometers due to lack of accelerations. 
Self-administrated questionnaires are feasible alternative methods for as-
sessing MSA on a larger scale. The EPAQ2 adopted in studies I and IV is 
an instrument allowing for a broader definition of MSA. The reliability 
and validity of PA questionnaires have been examined extensively in the 
literature, and the EPAQ2 questionnaire has been found to be valid for 
ranking respondent behaviours (158, 250, 251). 

FFQs are similarly used in large-scale studies investigating diet, and the 
Northern Sweden FFQ adopted in studies III and IV is specifically de-
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signed for the northern parts of Sweden (252). The Northern Sweden FFQ 
has shown good reproducibility and estimated validity similar to those of 
other FFQs (252) and in relation to 24-hour recall estimates and plasma 
levels of vitamins (159). FFQs are not without limitations, including re-
strictions on the number of food items and frequency options given. The 
reliance on respondent cognitive abilities may influence systematic and 
random errors of measurement, which may reduce the accuracy of ques-
tionnaires (253, 254). While FFQs are less sensitive than is 24-hour die-
tary recall, it is still a viable tool able to identify nutritional differences 
between sexes (255). 

Two different BIA systems were used for the assessment of body com-
position, the foot-to-foot Tanita BC-420MA (studies I and II) and the 
foot-to-hand Tanita MC-780MA (studies III and IV). The latter was also 
used to measure resistance in Ohms in order to calculate SMI using the 
Janssen equation (155). Body composition is determined through a single 
high-frequency current (50kHz) in the BC-420MA device and through 
multi-frequency currents (5kHz, 50kHz and 250kHz) in the MC-780MA 
device. The measurement is therefore reliant on intra- and extracellular 
body fluids to determine resistance (256). To minimise estimation bias due 
to differences in fluid status, all participants were given clear instructions 
to avoid alcohol consumption and strenuous exercise 24 hours prior to 
assessment and to avoid the consumption of food and beverages after 
22:00 the day before. All assessments were done in the morning in a fasted 
state. During the measurement, standard operating procedures were in 
place and staff were trained and experienced in using these procedures. 
Standardised procedures and validated predictive equations are important 
factors obtaining a body composition value as close as possible to the true 
value obtained using reference methods (257). In this regard, the BIA 
method has produced accurate measurements of fat mass in both men and 
women comparable to those obtained with magnetic resonance imaging 
(men: r = 0.81; women: r = 0.86) and dual-energy x-ray absorptiometry 
scanning (men: r = 0.84; women: r = 0.86) (258, 259). Moreover, SMI 
assessment using the Janssen equation has also produced accurate esti-
mates of muscle mass (r2 = 0.86) comparable to those obtained with mag-
netic resonance imaging (155).  

Evaluating metabolic risk is an important aspect to consider when in-
vestigating associations with systemic inflammation in older adults. Gen-
erally, BMI is used when controlling for adipose tissue, but there are ar-
guments for its confounding implications as a covariate in statistical anal-
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ysis (260). BMI is significantly limited by the inability to distinguish be-
tween muscle mass and adipose tissue distribution. As a comparative 
measurement, BMI can also be influenced by variables such as age, sex, 
physical fitness, muscular status, chronic conditions, and weight loss and 
has displayed relatively poor correlations with percent of body fat mass 
(260). Subsequently, additional adjustments of several components of 
metabolic risk were included in the current thesis (i.e., BMI, WHR, WC, 
percentage fat mass, and MetS), allowing for the distinction of different 
metabolic-related risk factors. 

Notable strengths of the studies presented here include the objective as-
sessment of PA behaviours using accelerometery and information on dif-
ferent sub-dimensions of PA behaviours, and the inclusion of both pro- 
and anti-inflammatory biomarkers. Another notable strength of this thesis 
is the consideration of metabolic risk. This was done by investigating po-
tential associations between general and abdominal adiposity, MetS, and 
systemic inflammation (Study I) and by controlling for the influence of 
abdominal adiposity individually or through MetS (studies II–IV). The 
standardisation of instructions, testing, and the implementation of all 
practical tests further strengthens the conclusions of this thesis. 

It is necessary to emphasise that the study populations of this thesis are 
not representative of the broader population of older adults. Due to the 
cross-sectional design of the studies presented here, the causal relationship 
between systemic inflammation and adiposity and fitness (Study I), PA 
behaviours (studies II and III), and indicators of muscle health (Study IV) 
cannot be inferred. It is possible that unmeasured confounding variables 
other than age, anti-inflammatory medication, smoking status, undergoing 
hormonal treatment (studies I–IV), accelerometer wearing time (studies II–
IV), MSA (studies I and IV), protein intake (Study IV), DII (Study III), 
general medication (Study IV), and cardiorespiratory fitness (Study I), may 
have affected the observed associations between the correlates and de-
pendent variables. The homogeneity of age and health status (i.e., appar-
ently healthy and no overt disease) strengthens the outcomes of these stud-
ies. Excluding participants undergoing anti-inflammatory medication, 
hormonal treatment, and smoking also bolsters the strength of the thesis 
results. Anti-inflammatory medication attenuates pro-inflammatory pro-
teins on all levels, while hormonal treatment is associated with modulato-
ry effects on several soluble inflammatory proteins (224). In comparison, 
smoking is causally linked to the elevated expression of pro-inflammatory 
proteins (261).  
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5. Conclusion
This thesis aimed to explore relationships between biomarkers of systemic 
inflammation, body composition, and PA behaviours in older adults. Its 
major conclusions are as follows:  

I. Excess accumulation of adipose tissue, particularly when aggre-
gated in the abdominal region, is associated with higher levels of
pro-inflammatory biomarkers and lower levels of anti-
inflammatory biomarkers in physically active older women, inde-
pendently of cardiorespiratory fitness.

II. Reallocating time spent in lower-intensity PA to higher-intensity
PA is associated with lower levels of pro-inflammatory bi-
omarkers in older women across different levels of metabolic risk.

III. Engagement in sedentary behaviour by older men and women is
related with sex-specific associations with levels of pro- and anti-
inflammatory biomarkers, with stronger links being observed be-
tween pro-inflammatory biomarkers in women and anti-
inflammatory biomarkers in men.

IV. Detrimental associations between pro-inflammatory biomarkers
and muscle health were evident in older women regardless of ab-
dominal adiposity, protein intake, daily PA, and adherence to
MSA guidelines. Sex is an important factor to consider when in-
vestigating the complex association between systemic inflamma-
tion and muscle health in older adults.
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6. Practical implications
An important finding of this thesis is the fact that all dimensions of PA 
behaviours were associated with systemic inflammation in older adults. 
The findings presented here support currently established recommenda-
tions for engagement in MVPA and endorse the importance of the recently 
established recommendations for reducing time spent in sedentary behav-
iour (120). Moreover, current guidelines specifically address MVPA but 
do not account for the potential influence of spending time in LPA.  

The findings presented here, showing independent and beneficial asso-
ciations between LPA and systemic inflammation, have significant clinical 
and practical implications for populations unfavourably disposed towards 
strenuous PA. The reallocation of longer stretches of sedentary time to 
walking or other activities of lower-intensity and including frequent 
breaks in sedentary patterns therefore represent viable health-promoting 
strategies to increase daily PA participation in these populations. Subse-
quently, this thesis contributes to advancing PA and sedentary behaviour 
guidelines by supporting the inclusion of a holistic view of all dimensions 
of PA behaviour and not only specific intensities. Moreover, total daily PA 
volume and not specific dimensions of PA or sedentariness as such may 
partly explain the observed adverse associations with systemic inflamma-
tion in older women but not men. These findings have practical and clini-
cal relevance for the development of strategies targeting systemic inflam-
mation by reinforcing efforts to promote daily PA regardless of intensity 
level, at the expense of less sedentary time in older adults. 

Increased engagement in PA of any intensity level at the cost of reduced 
sedentary time is also associated with elevated energy expenditure and 
indirectly with reduced risk of accumulating excessive adipose tissue. Re-
duction of excess adipose tissue, particularly when accumulated in the 
abdominal region, is in turn associated with more beneficial inflammatory 
status in older women. The findings presented here support the implemen-
tation of interventions promoting engagement in healthy lifestyles empha-
sising the reduction of excess abdominal adipose tissue, indirectly mitigat-
ing systemic inflammation in older women.  

Lastly, the importance of considering systemic inflammation when in-
vestigating muscle health in older women is clearly presented in the cur-
rent study. As older women are hypothesised to be exposed to greater risk 
of sarcopenic development than are older men (231), these findings should 
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be considered when developing strategies to mitigate age-related decline in 
muscle health in older women. 
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7. Future perspectives 
This thesis highlights important associations between biomarkers of sys-
temic inflammation, body composition, and PA behaviours in community-
dwelling older men and women. However, several questions remain to be 
explored. 
 

I. Results of this thesis show that reallocating 30 minutes of time 
from sedentary pursuits to higher-intensity PA is associated with 
lower levels of pro-inflammatory biomarkers in older women. 
However, an important unresolved issue concerns whether the 
beneficial implications of reallocating sedentary time to higher-
intensity PA is equal in older men and women.  

II. In light of the intensity-specific associations between different di-
mensions of PA behaviours and systemic inflammation presented 
here, further knowledge is necessary to elucidate the molecular 
mechanisms underlying these associations.  

III. Further investigations are warranted to explore approaches for 
determining different inflammatory outcomes using combined 
scores of pro- and anti-inflammatory biomarkers. 

IV. Evidence presented in this thesis and previous literature on the as-
sociations between systemic inflammation, body composition, and 
PA behaviours in older adults is mainly based on cross-sectional 
studies. Consequently, longitudinal and randomised controlled 
trial studies are crucial in order to determine the causal relation-
ship between systemic inflammation, body composition, and PA 
behaviours in older populations. 

V. Further investigations are warranted in order to determine the 
molecular mechanisms involved in sex-specific associations be-
tween systemic inflammation, body composition, and PA behav-
iours.  
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9. Svensk sammanfattning 
Att åldras är förenat med ofrånkomliga och progressiva förändringar av 
kroppen, ofta kännetecknade av en ökad ansamling fettmassa, förlust av 
muskelmassa, och ökad prevalens av kroniska sjukdomar. Systemisk in-
flammation har lyfts fram som en potentiell bidragande orsak till ålders-
förändringar, där ökad ålder har relaterats till ökad utsöndring av pro-
inflammatoriska biomarkörer och lägre utsöndring av anti-
inflammatoriska biomarkörer. Dessutom har det inflammatoriska feno-
menet hos äldre relaterats till ökad risk för metaboliska- och kardiovasku-
lära sjukdomar, förlust av muskelmassa, och muskelstyrka.  

Förändringar i kroppens fettmassa samt individers delaktighet i fysisk 
aktivitet har identifierats som möjliga bidragande faktorer till systemisk 
inflammation hos äldre. Fettmassa representerar en känd drivande faktor 
för immunologiska processer, källa för syntes av inflammatoriska biomar-
körer och är starkt kopplad till utvecklandet av metabola sjukdomar. Fy-
sisk aktivitet och kardiovaskulär kapacitet är emellertid väletablerade 
faktorer som bidrar till att reducera risken för att utveckla metabola- och 
kardiovaskulära sjukdomar. Trots ett begränsat forskningsunderlag har 
fysisk aktivitet och kardiovaskulär kapacitet framförts ha en positiv på-
verkan på systemisk inflammation. Emellertid präglas äldres aktivitetsva-
nor av fysiska aktiviteter med låg intensitet och stillasittande beteende, 
varvid upp till 60 % av vaken tid spenderas fysiskt inaktivt. I motsats till 
fysisk aktivitet har högt deltagande i fysisk inaktivitet relaterats till ökad 
risk för kardiovaskulär dödlighet, utveckling av metabola sjukdomar och 
hälsovådliga inflammatoriska förändringar. Åldersrelaterad systemisk 
inflammation är även framförd som en faktor som bidrar till obalans i 
muskelproteinnedbrytning och muskelproteinsyntes och kan därigenom 
bidra till förlust av muskelmassa och muskelstyrka hos äldre.  

Det övergripande syftet med denna avhandling var att undersöka för-
hållanden mellan biomarkörer för systemisk inflammation, kroppssam-
mansättning och dimensioner av fysisk aktivitet hos äldre vuxna. Äldre 
män och kvinnor i åldrarna 65–70 år rekryterades och fyra delstudier 
utformades för att besvara avhandlingens övergripande syfte. Delstudie I 
syftade till att undersöka effekten av kardiovaskulär kapacitet på samban-
det mellan fettansamling och systemisk inflammation hos äldre kvinnor. 
Delstudie II undersökte påverkan av att förflytta tid i fysisk aktivitet av 
lägre intensitet till tid med högre intensitet på väletablerade inflammato-
riska biomarkörer relaterade till metaboliska sjukdomar hos äldre kvin-
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nor. Syftet med delstudie III var att undersöka kopplingar mellan pro- och 
anti-inflammatoriska biomarkörer och tre dimensioner av stillasittande 
beteende (total tid och ≥10 respektive ≥30 minuter sammanhängande tid) 
samt avbrott i stillasittande tid hos äldre män och kvinnor. Delstudie IV 
syftade att undersöka sambandet mellan pro- och anti-inflammatoriska 
biomarkörer och parametrar för muskelhälsa (muskelmassaindex, grepp-
styrka och förmåga att genomföra fem-sitt-och-stå test) hos äldre män och 
kvinnor med justering för bukfetma. 

Sammantaget visade delstudierna som redovisas i avhandlingen att: 

I. Överskott av fettmassa, speciellt ansamling i bukregionen, är rela-
terat med högre nivåer av pro-inflammatoriska biomarkörer och
dämpning av anti-inflammatoriskt biomarkörer hos fysiskt aktiva
äldre kvinnor oberoende av kardiorespiratorisk kapacitet.

II. Omfördelning av tid från stillasittande beteende till fysisk aktivitet
av olika intensitetströsklar är associerat med reducerade nivåer av
pro-inflammatoriska biomarkörer hos äldre kvinnor med olika
metabol riskstatus.

III. Deltagande i stillasittande beteende är relaterat med försämrade
nivåer av könsspecifika pro- och anti-inflammatoriska biomarkö-
rer. Tydligare samband observerades mellan pro-inflammatoriska
biomarkörer och stillasittande beteende hos kvinnor samt anti-
inflammatoriskt biomarkörer och stillasittande beteende hos män.

IV. Höga nivåer av pro-inflammatoriska biomarkörer var associerade
med sämre muskelhälsa hos äldre kvinnor. Då observationerna
iakttogs oberoende av bukfetma, proteinintag, daglig fysisk aktivi-
tet och muskelstärkande aktivitet belyser det vikten av att minska
systemisk inflammation till förmån för bättre muskelhälsa hos
äldre kvinnor.
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