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1 Introduction  

Due to higher quality standards in hygiene, health care and an adequate food supply network, there 

is a substantial expansion in life expectancy among the world’s population (Lunenfeld and Stratton 

2013). It is estimated, that the world’s population of over 60-year-old people, will be increased up 

to 22% by 2050 (Steverson 2018). With this increase in elderly people, new challenges arise including 

increased prevalence in aging-associated diseases, such as cardiovascular disease, Alzheimer’s- and 

Parkinson’s disease (Campisi et al. 2011). Therefore, the prevention of age-related diseases, perse-

verance of health and independency of the older population has become a public health priority 

(National Research Council (U.S.) 2001).  

 

But why is it, that certain diseases are associated with aging and what processes may be the under-

lying causes? One potential explanation for the increase in those diseases are changes in the immune 

system (Fulop et al. 2017).  Although it was long believed that a down regulated immune system  is 

found only in unhealthy individuals,  evidence now shows that is also found in healthy elderly 

indicating that the underlying modifications, that induce a down regulation of the immune system, 

are likely to be a physiological phenomenon which comes with aging (Campisi et al. 2011). Further-

more, in 1993, Fagiolo and colleagues reported  that another reason for those age-related disorders 

may be alterations in the cytokine composition within the human body (Fagiolo et al. 1993). During 

in vitro tests, they observed higher concentrations of inflammation promoting cytokines like inter-

leukine-6, tumor necrosis factor-⍺ and interleukin-1β in cells of elderly people with a mean age of 

80,2 years, when compared to selected cells of younger individuals with a mean age of 26,8 years 

(Fagiolo et al. 1993). 

In this context, the term “inflammaging” was first described (C. Franceschi et al. 2000). Nowadays, it 

is recognized that the phenomenon of inflammation, which was believed as a pure immunological 

phenomenon, also involves non immune cells such as adipocytes, muscle fibers, senescent cells and 

endothelial cells (Campisi 2013; Prattichizzo et al. 2016; Kalinkovich and Livshits 2017).  

 

A crucial point in the research of this topic is to understand why not only immune but also non-

immune cells produce unusual high amounts of some inflammatory mediators, as the organism 

grows older, and if there are any ways to counteract those age-related changes.  

Since every individual will age differently, it is important to note, that the progress of inflammation 

appears to be a pattern of remodeling due to a response of the organism on unpredictable long-

time exposures to external and/or internal stressors. This concept was described by Grignolio et. al 

2014 and termed “immunobiography” (Grignolio et al. 2014). It states that everyone has their own 

individual immunobiography, resulting in an individual aging- and therefore inflammaging process. 
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This process  can be more or less severe with a wide spectrum of possible outcomes ranging from 

age-related diseases where inflammation plays a pathogenic role up to successful aging (Grignolio 

et al. 2014; Claudio Franceschi et al. 2017).  

 

A huge impact on the individual aging process are having external lifestyle factors like nutrition and 

physical activity (vel Szic et al. 2015; Nimmo et al. 2013).  As stated in the guidelines of the German 

Association for Nutrition (DGE) there are specific nutrients, that show a critical role when it comes 

to an adequate supply status in elderly individuals. This include vitamins like vitamin C, -D, -E, -B12 

and folic acid as well as minerals like calcium, magnesium and iron (DGE 2019a). Results from the 

National Consumption Survey II (2008) show an inadequate nutrient supply of vitamin D, folic acid 

and calcium in people aged 51 to 80 (figure 1) (BMEL 2008). 

 

 
Figure  1. Nutrient intake of vitamin D, folic acid and calcium in relation to the recommended daily intake, prescribed by the 

DGE. (BMEL 2008) 

RDI: Recommended daily intake         

 

Additionally, physical activity provides health benefits for elderly, including lower rates of coronary 

heart disease, high blood pressure, stroke, type 2 diabetes, colon cancer and breast cancer (WHO 

2020). In 2014, the Center of Disease Control and Prevention examined the physical activity status 

in adults aged 50 years and older living in the United States. The survey showed that 27.5% of 

participants aged ≥50 years reported no physical activity outside of work and that the inactivity 

prevalence significantly increased with age (Watson et al. 2016). They showed an 25.4% decrease in 
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physical activity among adults aged 50–64 years and further, a 26.9% decrease in physical activity 

among adults aged 65–74 years (Watson et al. 2016). 

Taken together these data reinforce the importance of adequate physical activity and nutrient supply 

for elderly adults, to counteract the already described changes that come with aging. 

 

1.1 Inflammaging as a chronic low-grade inflammation  
Inflammaging is a chronic low-grade inflammatory state in the absence of any triggers,  which is 

significantly associated to morbidity and also overall mortality in elderly (Ferrucci et al. 2010; H. J. 

Cohen et al. 1997).  The difference between a chronic- low grade inflammation in comparison to an 

innate acute inflammation is that an acute inflammation is a direct response to an infection or an 

injury and leads to a short-term inflammatory response which results in prevention of a disease. A 

chronic-low-grade inflammation on the other hand is induced by ongoing lifestyle factors, like poor 

nutrition and inadequate physical activity levels, which leads to a lighter, but long-termed inflam-

mation process and results in a continuing pathogenic progression (Capuron et al. 2008). Those 

differences are illustrated in figure 2 (Adaes 2016). 

Low-grade inflammation is caused by a dramatically increased inflammatory profile in the blood-

stream of “healthy” older people in comparison to younger individuals (Henrique 2019). This altered 

inflammatory profile includes raised blood levels of C-reactive protein, interleukin-6, tumor necrosis 

factor-⍺ and interleukine-1β (Henrique 2019) and results in a pro-inflammatory state of aging indi-

viduals (Ferrucci and Fabbri 2018). In addition, the effectiveness of inflammatory response to immu-

nogenic stimulations is reduced (Ferrucci et al. 2010). These changes are directly linked to changes 

in body composition, that naturally occurs with aging, which include a reduction in muscle mass 

and a higher quantity in fat mass (Henrique 2019). 
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Figure  2. Difference between an innate (acute) inflammation and a chronic low-grade inflammation. (Adaes 2016)  

 

 
1.1.1 Markers of Inflammation 
 
1.1.1.1 C-reactive protein  
C-reactive protein (CRP) is an acute-phase protein and a sensitive marker for systemic inflammation 

(Visser et al. 2001). Principally, it is synthesized in hepatocytes (Rahman and Bagchi 2014), and is 

working as a mediator of the innate immunity (Kim et al. 2015) but the molecular mechanism, that 

regulates the expression of CRP, is still not well understood. Studies suggest, that CRP concentrations 

are regulated directly or indirectly by cytokines including interleukin-1β, interleukin-6 and tumor-

necrosis-factor alpha, during an acute-phase response, (Vermeire, Van Assche, and Rutgeerts 2005) 

illustrated in figure 3 (Vermeire, Van Assche, and Rutgeerts 2005). CRP is a stable plasma marker for 

systemic inflammation (Kim et al. 2015) thanks to its half-life of 19 hours and during infection or 

inflammation, it increases up to 1,000-fold at sites of inflammation (Rahman and Bagchi 2014)  with 

a normal upper limit of 0.5mg/dL found in blood plasma of healthy individuals (LADR Laboratory).  

Furthermore, a variety of factors including age, gender, smoking status, bodyweight, blood lipid 

levels and blood pressure can alter CRP levels (Fadi G. Hage and Szalai 2007).  

As already mentioned above, CRP is the main downstream mediator of the acute-phase response 

in reaction to an inflammatory event (Pradhan 2001).  
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Figure  3. Activation pathway of C-reactive protein during chronic inflammation. (Vermeire, Van Assche, and Rutgeerts 2005) 

IL: Interleukin  

 

 

1.1.1.2 Cytokines 
Cytokines are small signaling proteins. that affect a broad range of biological functions such as the 

activation, proliferation, and differentiation of several cells. Furthermore, they are capable of regu-

lating the antibody production and the secretion of other cytokines (Arai et al. 1990) and therefore, 

the inflammatory status of the human body. With regards to their mechanisms of actions, there are 

different pathways through which cytokines may exert their effects. In one of these, they are acting 

on the cells that secreted them (autocrine action) or on proximate cells (paracrine action), while in 

another, they react on distant cells (endocrine action). Cytokines are secreted at local high concen-

trations by different cell types, were some of them can enhance inflammation (pro-inflammatory), 

while other can decrease inflammation (anti-inflammatory) (J.-M. Zhang and An 2007). 
 

1.1.1.2.1 Pro-inflammatory cytokines 
Proinflammatory cytokines are primarily produced by activated macrophages and are very important 

for up regulation of inflammatory reactions. Interleukin 1β (IL1-β), interleukin 6 (IL6) and tumor-
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necrosis factor- ⍺ (TNF-⍺) are of special interest for low- grade inflammation which is described 

below (Windsor et al. 2018)(J.-M. Zhang and An 2007).	

 

IL-1β is released during inflammation, cell injury and infection, primarily by monocytes and macro-

phages as well as by non-immune cells, such as fibroblasts and endothelial cells (J.-M. Zhang and 

An 2007). In healthy individuals the usual functions of IL-1β are homeostatic functions, including the 

regulation of hunger, sleep, and body temperature (Dinarello 1996). However, an overproduction of 

IL-1β indicates pathophysiological changes in the human body, that mainly occur during inflamma-

tion (Ren and Torres 2009).   

 

TNF-α is a cytokine, involved in almost every known inflammatory process (Bradley 2008). Together 

with IL-6 and IL-1β, TNF-α is also involved in the acute phase response by synthetizing acute phase 

proteins like CRP. It is the first cytokine released during the signaling cascade of activated macro-

phages.(J.-M. Zhang and An 2007) TNF-⍺ causes fever and lethargy and has an impact on fat me-

tabolism, insulin resistance and blood clotting. Its most important function is the activation of various 

immune cells. Further, TNF-⍺ stimulates cell differentiation and the release of other cytokines (Brad-

ley 2008)(J.-M. Zhang and An 2007).		 

 

Lastly IL-6, plays a key role in the acute phase response and is a mediator of fever. By changing the 

nature of infiltrating leucocytes, IL-6 dictates the transition from acute to chronic inflammation. 

Additionally, it supports the chronic inflammatory response by initiating the growth of B-cells and 

as antagonist of regulatory T cells (Gabay 2006). Furthermore, interleukin-6 release into the blood 

circulation can be triggered by hormones like cortisol, which are released in human body while 

experiencing psychological stress (H. J. Cohen et al. 1997). IL-6 has a special status because of its 

inflammatory and anti-inflammatory properties depended from its origin of synthesis. When pro-

duced by monocytes, macrophages or adipocytes, IL-6 shows inflammatory properties, by for ex-

ample acting in acute phase response and elevating CRP concentrations in the blood circulation 

(Bastard et al. 1999). On the other hand, it has extensive anti-inflammatory functions when secreted 

by muscle cells as response to muscle concentration (Febbraio and Pedersen 2005). 

 

1.1.1.2.2 Anti-inflammatory cytokines 
Anti-inflammatory cytokines are a series of immunoregulatory molecules, that control the pro-in-

flammatory cytokine response during inflammation (J.-M. Zhang and An 2007). Among all anti-

inflammatory cytokines, IL-10 has the most potent anti-inflammatory properties, for example the 

repression of the expression of inflammatory cytokines such as TNF-⍺, IL-6 and IL-1. Furthermore, 

IL-10 can increase the synthesis of endogenous anti-cytokines and decrease the expression of pro- 
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inflammatory cytokine receptors. Thus, it is capable of counter-regulating the production and func-

tion of pro-inflammatory cytokines (Barry et al. 2016).	  

 

1.1.1.3 Inflammation indices  
To enhance health screenings which will help to understand the status of inflammation and therefore 

inflammation linked disease, researchers aim to determine parameter from simple blood tests and 

associate them with systemic inflammation.  

 

To determine the prognosis in clinical situations the neutrophil-lymphocyte ratio (NLR) was shown 

to be a reliable and cost-effective parameter (Ulu et al. 2013) (Huang et al. 2015), as it is calculated 

from a large hemogram. More precisely, NLR is calculated as neutrophil count divided by lymphocyte 

count (NLR=N/L) (Lee et al. 2018). Several studies were able to show, that NLR is a potent marker 

for systematic inflammation (Bhat et al. 2013) (Zahorec 2001) (Proctor et al. 2012) (Kuyumcu et al. 

2012) (Rembach et al. 2014). Another marker which can be used to measure the degree of systemic 

inflammation is the platelet-lymphocyte ratio (PLR). Usually, this ratio is used to determine the 

prognosis in critically ill patients, especially during postoperative and intensive care (Hudzik et al. 

2016) (You et al. 2016). It also is obtained from large hemogram by calculating the ratio of platelet 

count to lymphocytes (PLR=P/L) (Lee et al. 2018). To ensure validity of the accuracy for the prediction 

of inflammation, another novel index, the systemic inflammation index (SII) was introduced (Hu et 

al. 2014). This marker combines the NLR and the PLR by putting neutrophil (N), platelet (P) and 

lymphocyte (L) counts in perspective (SII= NxP/L) (Chen et al. 2017). This might qualify SII as a 

noninvasive, reproducible and cost-effective indicator for the balance of immune and inflammatory 

status in patients with different inflammation linked diseases (Chen et al. 2017; Hong et al. 2015; Hu 

et al. 2014; Feng, Chen, and Yang 2017). 

 

 
1.1.2 Influence of age, gender and anthropometric measurements on inflammation  
 
1.1.2.1 Age  
There are various definitions for the term “age” with two of them being: chronological age, which 

describes the timespan from the moment of birth to the present day in years (Cameron 2015) and 

the biological age, which is characterized by the functional capacity of every individual (Jackson, 

Weale, and Weale 2003). Furthermore, there is the maximal lifespan, which is defined by the average 

lifespan of the oldest member of a population (for the human species it is 125 years) (Weon and Je 

2009) and life expectancy at birth (or at 40,65,… Years) which is described as the average number 

of years that a person can be expected to live at a specific point in their lifetime (Organization for 

Economic Co-operation and Development). The life expectancy depends of various external stimuli, 
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such as the country and year of birth, the gender and where that individual has lived the majority 

of his or her lifetime plays a key role.  

 
1.1.2.2 Gender  
Gender differences are evident in chronic inflammatory diseases and include for example, worse 

scores in pain and quality of life measurements due to genetic and hormonal factors in patients 

with  rheumatoid arthritis, inflammatory bowel disease and psoriasis (Lesuis et al. 2012). Another 

study confirmed greater differences in frequency of complications during the disease progression in 

females, proposing that chronic inflammation may induce major damage in targeted organs and 

functions of women in comparison to men (Maric-Bilkan 2017). Furthermore, sex hormones affect 

body composition, such as amount of body fat mass or fat- free body mass and therefore, are 

indirectly linked to the inflammatory response (Kautzky-Willer, Harreiter, and Pacini 2016).  
 
1.1.2.3 Body composition  
Aging of the human body is not only accompanied by alterations in the immune system, but also 

in body composition. Those changes, described and summarized in figure 3 and encompass an 

increase in body fat and a decrease in muscle mass and body water (St-Onge and Gallagher 2010).  
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Figure  4. Overview of Body composition over the human life span. (St-Onge and Gallagher 2010) 

 

Interestingly it was already shown, that the changes in body composition are also associated with 

the inflammatory state of the human body (Calvani et al. 2017). Adipose tissue, which is increased 

in elderly people, acts as a secretory organ, capable of both, sending and receiving signals. These 

signals modulate energy expenditure, appetite, insulin sensitivity, inflammation and more.  Epidemi-

ological studies have confirmed an increases of acute phase proteins, such as CRP, in obese subjects. 

This protein (CRP), produced principally in the liver in response to IL-6, is considered as marker for 

inflammation and insulin resistance (Gentile et al. 2010). In addition, further acute phase reactants 

were elevated in obese individuals, including TNF-⍺, IL-1β and IL-6 (Sam et al. 2009). Hypertrophic 

adipocytes may overproduce those proinflammatory cytokines which results in a local, and later, 

overall chronic inflammatory state of the human body (Pellegrinelli et al. 2015).  

 

As already mentioned above, aging comes with an increasing body fat mass and decreased muscle 

mass. At the age of 40, the decline of the muscle mass begins. About ten percent of the total muscle 

mass for each ten-year period (Goodpaster et al. 2006). This reduction in muscle mass, in particular 

skeletal muscle mass, is associated with decreased levels of anti-inflammatory myokines such as IL-

6 and changes in Interleukin 10 and TNF-⍺ levels. This inflammatory imbalance culminates in in-

flammaging and causes several alterations and dysfunction in many tissues, including skeletal mus-

cle, gut, blood vessels and many others (Orzechowski 2017).  

Additionally, studies suggest that CRP levels also are significantly linked to sarcopenia, especially 

age-linked sarcopenia, an age-related decrease in muscle mass (Wang et al. 2017).  

1 year old 10 years old 15 years old Adult Elderly
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1.1.3 Inflammation and nutritional aspects   
The importance of nutrition on inflammatory processes in the human body has long been acknowl-

edged (Galland 2010). While some foods and nutrients may promote inflammation, others can help 

to reduce it (Kiecolt-Glaser 2010). In industrialized countries the most common diet is the “Western 

diet” which is characterized by a low intake of vegetables, fruits and whole grain products while the 

intake of highly processed foods such as sweets, convenience foods, chips etc. is too high. Taken 

together, this form of diet is high in refined sugar, saturated and trans-fats, high intake of pro-

inflammatory omega-6 fatty acids, sodium and potassium and low in dietary fiber, complex carbo-

hydrates, vitamins, including vitamin D and folic acid and minerals, including  calcium and iron, 

especially in women (BMEL 2008).  

Although the importance of a balanced and nutrient rich diet is evident, results from the German 

National Consumption Survey 2 (Nationale Verzehrsstudie 2) show, that the current dietary behavior 

and nutrient intake of people of the age of 51 to 80 years is not ideal (table 1). Regarding the 

consumption of specific food groups it was found, that intake of meat, sweets and alcohol con-

sumption are too high while the cereal and vegetable consumption are too low (BMEL 2008). How-

ever, when compared among genders, women showed better dietary patterns than men. Concerning 

the intake of vitamins, most adults reached intakes as recommended by the German Nutrition So-

ciety et al. (DACH-Referenzwerte, 2013). Only the supply of vitamin D and folic acid seems to be 

insufficient especially in older people. 79% of the men and 86% of the women fall below the rec-

ommended intake value for folic acid and 80-90% do not reach the estimated values for the vitamin 

D intake (BMEL 2008).   
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Tabel  1. Food intake of different food groups in two age groups in Germany (BMEL 2008). 

 
 

 

 

1.1.3.1 Critical vitamins in elderly and inflammation 
There are some nutrients, that are of special interest in elderly adults. Those include vitamin C, 

vitamin D, vitamin E, folic acid and vitamin B12. As mentioned in the following table (table 2) (DGE 

2019a), vitamin C is important for the structure of connective tissue, bones and teeth, is protective 

against cell damage and promote wound healing. Vitamin D regulates calcium and phosphate ex-

changes and plays an essential role in bone formation.  Vitamin E has a protective effect against 

cell damage and vitamin B12 is important for degradation of individual fatty acids and blood for-

mation. Furthermore, folic acid acts in various ways including cell division and cell formation, blood 

formation, protein metabolism and more (DGE 2019a).   
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Tabel  2. Critical nutrients in elderly (DGE 2019a).  

 
 
 

Of the critical nutrients mentioned above, vitamin A, vitamin C and vitamin D are also involved in 

inflammation. As shown in table 2, vitamin A boost immune response in elderly (Rumore 1993) 

whereas deficiency induces inflammation and aggravates existing inflammatory states (Reifen 2002). 

Further, vitamin C acts as antioxidant by acting as electron donor for enzymes and neutralizes free 

radicals to protect cells from damage (Ellulu et al. 2015). When deficient, poor wound healing, joint 

pain, infections and high bleeding tendency, respectively, increases. Lastly, vitamin D is important 

for the modulation of the inflammatory system by regulating the production of inflammatory cyto-

kines and immune cells (Liu et al. 2018), while deficiency leads to bone softening and Osteomalacia 

in elderly (Elmadfa 2009). 

 
 
1.1.4 Influence of physical activity in inflammation  
 
1.1.4.1 Physical activity  
Together with nutrition, physical activity (PA) is the most studied intervention when it comes to 

counteract and/or slow down the aging process by decreasing the  inflammation processes (Claudio 

Franceschi et al. 2018). Therefore, it is a widely recommended tool to treat inflammatory-related 

diseases (B. K. Pedersen and Saltin 2015). The anti-inflammatory effects are based on hundreds of 

myokines which are secreted by skeletal muscle fibers during and after exercise training. (Claudio 

Franceschi et al. 2018) Those secreted factors show potential drug-like effects on i.e. proteins, growth 

factors and cytokines (Bente K. Pedersen 2013). Acute physical activity induces an early release of 

IL-6 in the skeletal muscle, which initiates the production of anti-inflammatory cytokines such as IL-

10 and also inhibit the pro-inflammatory cytokine TNF-⍺. (Bente Klarlund Pedersen 2012) Some of 

the further reasons, why PA shows anti-inflammatory properties are:  
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• reduction of visceral fat mass and therefore decreased release of inflammatory adipokines 

and reduced chronic activation of the hypothalamic–pituitary–adrenal axis (Henrique 2019) 

• inhibition of TNF-⍺ by monocytes caused by acute activation of the sympathetic nervous 

system  

• downregulation of Toll-like Receptor, which causes deactivation of inflammatory pathways 

(Garatachea et al. 2015) 

• reduced macrophage infiltration in tissues (Henrique 2019) 

• increased antioxidant capacity by reducing activity of redox-depended nuclear factors like 

NF-κB (Henrique 2019) 

 

2005, Petersen and Pedersen showed, that regular exercise enables the formation of an anti-inflam-

matory environment by reducing basal inflammatory and increasing anti-inflammatory cytokine con-

centrations in elderly (Petersen and Pedersen 2005). When performed regularly, these modifications 

in circulating cytokines become long term changes with long term health benefits on inflammation 

(Reihmane and Dela 2014). IL-6 for example, plays a dominant role during prolonged endurance 

exercise (Shephard 2002). Although various types of cells can produce cytokines, the main source 

of the exercise-induced IL-6 production is released by the exercising muscle (Shephard 2002). Acute 

increases in IL-6 by physical activity have been proposed to suppress proinflammatory TNF-⍺	(Starkie 

et al. 2003) and increase anti-inflammatory cytokines such as IL-10 (Steensberg et al. 2003) which 

creates an anti-inflammatory milieu that lasts for several hours after the exercise session (Mendham 

et al. 2015). Unlike the anti-inflammatory benefits, of temporary increased IL-6 from skeletal muscle 

due to acute exercise, raises in IL-6 from other sources such as adipose tissue or hepatocytes are 

associated with elevated pro-inflammatory TNF-⍺ and CRP (Windsor et al. 2018). Kohut et al. showed 

that higher levels of cardiorespiratory fitness are associated with decreased concentrations of circu-

lating IL-6 and CRP at rest which strengthens the necessity of regular physical activity in every age 

category and in particular for older people (Kohut et al. 2006).  
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1.1.4.2 Recommendations  
 
Physical activity is defined as “any bodily movement produced by skeletal muscles that requires 

energy expenditure” – WHO (WHO 2019b). It is more than exercising the body to build or maintain 

muscles and/or condition and therefore should not be mistaken with the term “exercise”. (WHO 

2019)  

Physical activity can be classified in three main groups and is expressed by metabolic equivalents 

(METs). MET is the ratio of a person’s working metabolic rate relative to their resting metabolic rate 

(WHO 2019). 

The three physical activity categories are: 

• “moderate intensity aerobic physical activity” which describes movements with mod-

erate amount of effort and a noticeably accelerated heart rate. Those are exercises like 

dancing, gardening, walking, … which requires approximately 3-6 METs. (WHO 2019b) 

• “vigorous intensity aerobic physical activity” which are movements that commands a 

large amount of effort and furthermore causes rapid breathing and a significantly in-

creased heart rate. Those are exercises like running, spinning, aerobics,… which requires 

approximately more than 6 METs. (WHO 2019b) 

• “resistance training” which are movements that causes the skeletal muscle to contract 

against an external resistance with the expectation to increase muscle mass and muscle 

strength, which requires approximately 3 METs (Phillips and Ziuraitis 2004). Above men-

tioned resistance can be dumbbells, rubber bands, bodyweight,… . (Weil n.d.) 

 
The WHO defined for each of the above-mentioned PA categories minimal recommendations, to 

provide their health benefits. To ensure the minimum of benefits for disease prevention, 150 min of 

moderate intensity aerobic physical activity (MIPA) or 75min of vigorous intensity aerobic physical 

activity (VIPA) should be achieved per week. For additional health benefits it´s recommended to 

absolve 300 min. MIPA or 150 min. VIPA per week (WHO 2010). 
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2 Objective  

The aim of this master thesis was to examine the current inflammation status of elderly people 

between the ages of 50 to 70 years. Therefore, CRP levels, IL-6, -10, -1β and TNF-⍺ levels as well as 

NLR, PLR and SII were analyzed. Moreover, different lifestyle factors, including nutrition, physical 

activity and body composition measurements, were evaluated to reveal possible correlations be-

tween those factors and the chosen marker of inflammation.  

 

This cross-sectionals analysis was part of an intervention study (BEGInn Study, Leibnitz University 

Hanover), which examined the impact of exercise alone compared to exercise combined with nutri-

tion on health parameters of physical inactive, elderly people.  
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3 Material and Methods 

 

Data used for this thesis was obtained from the BEGinn Study (Bewegung, Ernährung und Gesund-

heit) which was conducted at the Gottfried Willhelm Leibniz University of Hannover from October 

2018 to August 2019. This study was an interdisciplinary project realized by the institute of food 

science and human nutrition and the institute of sports science.  

The aim of this study was to investigate the effects of physical activity alone or in combination with 

an additional nutritional intervention on various immunological-, nutritional- and sport scientific 

parameters. 

 

3.1 Study design 
BEGinn is a randomized controlled human intervention study investigating the effects of a 12-weeks 

Intervention program including physical activity, nutrition and supplementation with omega-3 on 

immunologic-, nutritional- and physical activity parameter.   

The study was conducted in accordance with the guidelines of the Declaration of Helsinki.  

It was approved, in July 2018, by the Ethic Commission Hannover, of the medical council of Lower 

Saxony. This study is registered in the German Clinical Trial Register (DRKS00014322). 

This master thesis evaluated the study as a cross- sectional study, with the aim to investigate the 

current inflammatory status in elderly people and possible correlations between age, body compo-

sition, physical activity state, nutrition and inflammation markers.  

 

3.2 Participants  
Participants were recruited between August 2018 and March 2019 by the institute of food science 

and human nutrition and the institute of sports science of the Gottfried Wilhelm Leibniz University 

Hannover. 

135 healthy men (n=38) and women (n=96), ages between 50 and 70 years, participated in this 

study. All participants were physically inactive for at least two years prior; did not have any known 

chronic disease; did not take any medication that would alter immune function; did not abuse 

alcohol or drugs; are capable to exercise; and agree to complete the 12- week exercise- and nutrition 

program, and supplement intake schedule. Further inclusion and exclusion criteria are shown in table 

3 (BEGinn Study protocol). 
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Tabel  3. Inclusion and exclusion criteria for the recruiting of study participants (Study protocol, BEGinn- Study).  

 
DGE: German Association for Nutrition  

 

3.3 Process  
The participants came on examination day, at morning and in fasting state. Anthropometric data 

were collected, by measuring body composition with the bioelectrical-impedance- analyzer (BIA) 

and by height and body weight. Furthermore, blood pressure was measured, and blood samples 

were taken. Next, the food- frequency- questionnaire (FFQ) and Freiburger questionnaire for physical 

activity were filled out, to access the dietary habits and physical activity levels of the participants. 

Also, the three-day food diary, which was send in beforehand and had to be completed three days 

in prior to the record day, was collected.   

 

3.3.1 Measurement of body composition  
Body mass index (BMI) and body composition, including body fat, fat-free mass (FFM) subdivided 

in body cell mass (BCM) and extracellular mass (ECM); total body water subdivided in intra- and 

extracellular water; and phase angle were measured by bioelectrical impedance analyzer (BIACOR-

PUS RX 4004M, Manufactory: MEDI CAL HealthCare GmbH, Karlsruhe).  

Participants arrived in the morning, rested and after an overnight fast (≥ 10 h). During the meas-

urement, the participants lay on a chaise with arms away from the body, no shoes, socks, or any 

jewelry on. Two electrodes were placed on the left hand and foot as instructed by the manufacture

’s procedure (Data Input GmbH, n.d.). The participants remained lying and still, without moving or 

talking, until the completion of the analysis.  Resistance and reactance of different body tissues were 

measured, by passing 5kHz, 50kHz and 100kHz alternating current through the body tissues. Meas-

urements were recorded, and later used, to estimate the above-mentioned measurements, using the 

NutriPlus© 5.4.1 software (Data Input Company, Darmstadt, Germany). Furthermore, height, body 

weight, waist-to-hip-ratio (WHR) and blood pressure (bp) were measured. The reference ranges for 

blood pressure and anthropometric data, including BMI, BCM, body fat and WHR are shown in the 

following table (table 4).  
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Tabel  4. Guidelines for systolic blood pressure (mmHg), diastolic blood pressure (mmHg), heartrate, BMI, Body cell mass 

(BCM, %), total bodyfat (%) and waist-to-hips-ratio (WHR) for woman and men (Elmadfa 2009; Mutschler et al. 2007).  

 
BMI: Body mass Index, BCM: Body cell mass, WHR: waist-to-hip ratio  

 

3.3.2 Blood sample collection and assessment of biochemical parameters  
80 ml of overnight fasting (10–12 hr) blood were taken to examine immunological parameters, 

nutrient status, omega-3-index and the large hemogram. Of special interest for this work are results 

of nutrient status for vitamin B12, vitamin D and folic acid; the large hemogram (neutrophils, lym-

phocytes, thrombocytes, leucocytes, CRP) and immunologic parameters (TNF-⍺, IL-6, IL-10, IL-1β). 

Therefore, venous blood from the antecubital vein was collected into serum- tubes, EDTA-tubes and 

sodium- florid (NaF)- tubes (Sarstedt AG & Co. KG, Nümbrecht, Germany) and remained at room 

temperature for 20 min to be clotted.  Then, to separate the serum, it was centrifuged (1,000 g) at 

4°C for 20 min. Serum and erythrocyte samples were allocated into 1.5 mL tubes and immediately 

frozen at −80°C for further analyzing cytokines, omega-3 index and other. Furthermore, blood sam-

ples were sent in EDTA- tubes to LADR laboratory (Laborärztlichen Arbeitsgemeinschaft für Diag-

nostik und Rationalisierung e.V.) and Labor Dr. von Froreich Bioscientia for analysis. The cytokines 

including IL-6, IL-10, IL-1β and TNF_⍺ were analyzed by “Bio-Plex pro human cytokine screening” 

(Bio-Rad Laboratories GmbH, Feldkirchen, Germany). table 5 is an overview of the evaluated blood 

parameters and their reference values.  

 

Tabel  5. Reference range for blood parameters of vitamin B12 (ng/l), folic acid in erythrocytes (µmol/l), vitamin D (nmol/l), 

leucocytes (G/l) and C-reactive Protein (CRP, mg/l) (LADR, Bioscientia). 

 
CRP: C-reactive protein  
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3.3.2.1 Biomarkers   
For this thesis, chosen inflammatory markers are C- reactive protein, IL- 6, IL-10, and TNF- α. Fur-

thermore, the systemic inflammation state was determined by SII, PLR and NLR evaluating leuko-

cytes, platelet count and neutrophil granulocytes. The reference values for those biomarkers of 

inflammation, used to determine the inflammatory status, are listed in table 6 and table 7.  

 

Tabel  6. Reference values for blood parameters of selected cytokines including interleukin-6 (IL-6), intereukin-10 (IL-10), 

interleukin-1β (IL-1β) and tumor necrosis factor-⍺ (TNF-⍺) (Bio-Plex™- Cytokine Assay).	

	

 

Tabel  7. Guidelines for neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and systemic immune in-

flammation index (SII) for woman and man (Lee et al. 2018; Fest et al. 2018).  

 
 

 

 

3.3.3 Measurements of food consumption and nutritional supply  
 
3.3.3.1 Food frequency questionnaire (FFQ)  
To evaluate the frequency and portion size of food and beverage consumption over a specific time 

period, food- frequency- questionnaires (FFQ), created by the Robert Koch Institute and applied at 

the “DEGS”- Study (Study about the health of German adults) (appendix 10.3) were used. FFQs are 

common dietary assessment tools to use in large epidemiological studies of diet and health.  They 

consist of various questions about the consume pattern of different food groups with the goal to 

assess the overall dietary pattern. These questionnaires are self- administered which means that they 

were filled out without additional monitoring by trained supervisors (Robert Koch Institut 2011).  

After the evaluation, results were converted in servings per day for better comparison with each 

other and with dietary guidelines of the DGE, listed in the table 8 below.   
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Tabel  8. DGE-Guidelines for the consumption of different food groups in servings per day. (DGE 2019b)  

 

 

3.3.3.2 Dietary records 
To collect data, about the regular dietary behavior, 3-day- dietary records were used. Dietary records, 

also known as food diaries, collect the exact meals consumed during at least three consecutive days. 

They can be utilized to estimate current dietary pattern of individuals, as well as to identify groups 

with an inadequate nutritional supply status, by comparing results to dietary guidelines (Deutsch-, 

Österreichische-, Schweizerische Gesellschaft für Ernährung) for nutrient intake, shown in table 7 

(Deutsche Gesellschaft für Ernährung, Österreichische Gesellschaft für Ernährung, and Schweizerische 

Gesellschaft für Ernährungsforschung 2013). It is more precise about the exact nutrient intake, but 

only for a short period of time. In this study, a 3-day- food diary was utilized, exemplary template 

in appendix (appendix 10.2). The collected data is self-recorded at the time the food and beverages 

were consumed, thus, minimizing reliance on subject’s memory, in contrast to FFQs (Ortega 2015). 

To evaluate the collected data, PRODIⓇ software (Wissenschaftliche Verlagsgesellschaft mbH, Stutt-

gart) was used. 
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Tabel  9. DACH-Guidelines for energy intake and nutrient for woman and men from the age of 50 years (Deutsche Gesell-

schaft für Ernährung, Österreichische Gesellschaft für Ernährung, and Schweizerische Gesellschaft für Ernährungsforschung 

2019). 

 
 
 
 

3.3.4 Measurements of physical activity level  
 
3.3.4.1 Freiburger questionnaire for measuring the physical activity level  
The Freiburger questionnaire for measuring the physical activity level, is a questionnaire to assess 

health related physical activity (appendix 10.4). It is a self-assessment questionnaire for people be-

tween the ages of 18 to 78 (Frey et al. 1999) and consists of general questions about gender, age, 

height and body weight, furthermore, questions about “basic physical activities”, “leisure time phys-

ical activities” and “(classic) physical activities” per week. Also, daily relaxation- and sleep phases are 

evaluated. The participants further had to rate, how much more or less active they are in comparison 

to their contemporaries. The following figure 6, illustrate the guidelines of WHO for physical activity 

of elderly people (WHO 2010).  
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Figure  5. Recommendations for elderly on physical activity for health. (WHO 2020) 
 

3.4 Data analysis  
All statistical analyses were calculated and illustrated with SPSS- Statistics 26 software (IBM SPSS 

Statistics 26. Ink) and Microsoft Excel ® (Microsoft Deutschland, Unterschleißheim, Germany).  The 

descriptive analysis was conducted for the study collective exploring gender and age distribution as 

well as the results of blood tests, anthropometric measurements, supply of nutrients, food intake 

and physical activity levels. This data is shown as mean ± standard deviation.  

Distribution of the data was analyzed using, Kolmogorov-Smirnov test. To find associations between 

the chosen inflammation marker and possible pro-inflammatory factors, Spearman’s rho correlation 

was used. Furthermore, variables were categorized in following nominal groups:  

• BMI (overweight (BMI≧25) and normal weight (BMI≦25)) 

• Age (age ≦ 65 and age ≧65) 

• Gender (already was nominal) 

• CRP (CRP levels ≦ 0.5mg/dL and levels ≧0.5mg/dL)  

• Cytokines (cytokines levels above the reference values and reaching the reference values)  

• Inflammation indices (inflammation index ratio above the reference values and reaching the 

reference values)  

• Food groups (food intake above the dietary guidelines and reaching the dietary guidelines)  

• Physical activity level (levels above the guidelines and reaching the guidelines) 

 

All nominal categories were analyzed with cross-tables and testes for significance with pearson-chi2 

test. Results were illustrated in histograms.  

300 min./Week*
Aerobic physical activity 

(moderate intensity)

Muscle strengthening 
activities

Balance training for adults 
with poor mobility

Aerobic physical activity 
(vigorous intensity)

150 min./Week*

2 days/Week

3 days/Week

or

*in bouts of at least 10 minutes duration

150 min./Week*75 min./Week*

**

**

** for additional health benefits 
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To examine a connection between possible pro-inflammatory factors and inflammation markers, 

multifactorial regression analysis was used by evaluating the nominal data sets, described above. 

Statistical significance always was set at p<0.05 and highly statistical significance at p<0.01.  
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4 Results  

 

4.1 Characteristics of the study participants  
A total of 134 people participated in this study. Of those 96 (71.6%) were women and 38 (28.4%) 

were men. On average they were 59±0.5 years old [95%KI 58; 60], had a bodyweight of 78,17±1,93kg 

[95% KI 74,34kg;82,00kg] for women and 95,66±3,34 [95% KI 88,86kg;102,47kg] for man, and had 

no known chronic diseases. As shown in table 11 and table 12, the mean waist-to-hip-ratio in woman 

was 0.80±0.01 [95% KI 0.80; 0.82] and in men was 0.96±0.01 [95% KI 0.94; 0.97]. Furthermore, table 

10 shows, that the mean systolic blood pressure (133.5± 1.7 mmHg [95% KI 130; 137mmHg]), dias-

tolic blood pressure (78.6±0.8 mmHg [95% KI 77;80mmHg]) and heartrate (73.3±0.81 bpm [95% KI 

72; 75]) were overall slightly increased.  

 

Tabel  10. Explorative data analysis of age, systolic blood pressure (sys. bp), diastolic blood pressure (diast. bp) and heartrate. 
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Tabel  11. Explorative data analysis of weight (kg), height (cm) and WHR of woman. 

 

 
Tabel  12. Explorative data analysis of weight (kg), height (cm) and WHR of man. 
 

 
 
 

4.1.1 Anthropometrics 
As shown in table 13 and table 14, the mean body-mass-index (BMI) in women was 27,84 ± 0.64 

kg/m² [95% KI 26,57-29,10 kg/m²] with a basal metabolic rate of 1353±15 kcal/d [95% KI 1324;1383 

kcal/d]. The mean anthropometric results of men, presented in table 14, showed even more in-

creased measurements for body-mass-index (BMI) 29,45 ± 0.82 kg/m² [95% KI 27,82-31,17 kg/m²]. 

This BMI puts the participants in the overweight range. Additionally, the body cell mass (BCM) of 

women, with 48,39% of the total body weight (23,10± 0.38 kg [95% KI 22,35;23,85 kg]), was below 

the recommendations. Body fat was increased in women, with 36,21% of total body weight (29,60 
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kg [95% KI 26,8;32,40kg]), as well as in men, with 26,44% of total body weight (26,06±1.83 kg [95% 

KI 22,34;29,78 kg]). 

 

Tabel  13. Explorative data analysis of the body-mass-index (BMI), basal metabolic rate (BMR), body water, body cell mass 

(BCM) and bodyfat of woman.  

 
 
 
 
Tabel  14. Explorative data analysis of the body-mass-index (BMI), basal metabolic rate (BMR), body water, body cell mass 

(BCM) and bodyfat of man.  
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As presented in table 15 and table 16, similar results are shown when divided by age. BMI was too 

high in both categories. BCM (up to 65 years: 26,91±0,71kg [95% KI 25,50;28,33kg], from 65 years:    

25,57±1,30kg [95% KI 22,92;28,22kg]) and Bodyfat (up to 65 years: 29,07±1,34kg [95% KI 

26,41;31,73kg], from 65 years:    27,52±2,10kg [95% KI 23,22;31,81kg])  reached the estimated ref-

erence values for their age groups.  

 
 
Tabel  15. Explorative data analysis of the body-mass-index (BMI), basal metabolic rate (BMR), body water, body cell mass 

(BCM) and bodyfat of women and men from 50years to 65years. 

 

Tabel  16. Explorative data analysis of the body-mass-index (BMI), basal metabolic rate (BMR), body water, body cell mass 

(BCM) and bodyfat of women and men over 65years. 
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4.1.2 Inflammation marker 
 
4.1.2.1 Parameters of the immune system 
We examined the blood parameters of immune cells including leukocytes (5.88± 0.13 G/l [95% KI 

5.61;6.14]), thrombocytes (264.8±5.6 G/l [95% KI 253.8;275.7]), lymphocytes (1.95 ±0.06 G/l [95%KI 

1.84; 2.07]) and neutrophil granulocytes (3.16± 0.11 G/l [95% KI 2.94; 3.37]). Also, C-reactive protein 

(3.08±0.36 mg/l [95%KI 2.38;3.78]) was tested and the results are summarized in table 17. 

 

Tabel  17. Explorative data analysis of leucocytes, thrombocytes, C-reactive protein (CRP), neutrophil granulocytes and lym-

phocytes.  

 
CRP: C-reactive Protein  

 
 

4.1.2.2 Inflammation Indices  
We selected three inflammation indices, listed in table 18. Neutrophil-to-lymphocyte- ratio (NLR), 

platelet-to-lymphocyte- ratio (PLR) and systemic inflammation index (SII), which are calculated on 

basis of leucocytes, thrombocytes and neutrophil granulocytes. During this study, all three indices, 

NLR (1,75±0,07 [95%KI 1,61;1,89]), PLR (147±4,7 [95%KI 137,7;156,3]) and SII (468±22 [95%KI 

424;512]), lay within the given parameters.  
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Tabel  18. Explorative data analysis of neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), systemic im-

mune inflammation index (SII). 

 
 
 
 

4.1.2.3 Cytokine concentrations   
Four cytokines were examined, which are listed in table 19. On average, IL-6 (5.62±0.57pg/ml [95% 

KI 4.45;6.78]), IL- 10 (12.27±0.6pg/ml [95%KI 11.05;13.49]) and  IL- 1β (1.77±0.07pg/ml [95%KI 

1.63;1.92]) were in reference range, however,  tumor- necrosis- factor- alpha (101.89±3.71pg/ml 

[94.3;109.47]) was twice as high as the reference value.  

 
Tabel  19. Explorative data analysis of interleukin 6 (IL-6), interleukin 10 (IL-10), interleukin 1beta (IL-1β) and tumor necrosis 

factor alpha (TNF-⍺).  

 
 

4.1.3 Food consumption and nutritional state 
 
4.1.3.1 Food consumption 
To examine the food- frequency- questionnaires, we identified eight food groups and calculated the 

food consumption in portions per day. The identified food groups were the same as used by the 

DGE (DGE 2019b) for a better comparison purpose, illustrated in figure 6. The fruit (1.8±0.1 servings 

per day [95%KI 1.5;2.1]) and vegetable (1±0.1 servings per day [95%KI 0.8;1.2]) consumption is to 

low, meat- (1.6±0.1 servings per day [95%KI 1.3; 1.8]) and highly processed food (3.2±0.1 servings 
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per day [95%KI 1;1.5]) consumption on the other hand were elevated. As demonstrated in the 

following diagram (figure 7) the main food groups consumed on average were cereal products, 

potatoes and rice (3.2±0.2 servings per day [95%KI 2.9;3.6]) ; and dairy/-products (2.9±0.2 servings 

per day [95%KI 2.5;3.3]). 

 

 
Figure  6. Mean dietary pattern of the study participants in servings per day for fruits, vegetables, meat/-products, cereal 

products, potatoes, rice, high processed foods, dairy-/products, fish and alcohol.  

 
 
 
 

 
Figure  7. Overview of the servings per day of different food groups in comparison to the recommended servings per day.  
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4.1.3.2 Nutrient intake  
We reviewed the three-day food diaries and focused on macronutrients, energy consumption and 

three vitamins important in aging and inflammatory processes, including vitamin B12, vitamin C and 

vitamin D. The following tables (table 20, table 21, table 22, table 23) display the nutrient- and 

energy consumption per day classified by women and men. It shows an insufficient intake of dietary 

fiber in both, women (20,79±0.75g/d [95%KI 19.29;22.28g/d]) and men (21,98±1,24g/d [95%KI 

19.45;24,51g/d]). Energy consumption (women: 1867±43kcal/d [95%KI 1781;1952kcal/d], men:  

1937±88kcal/d [95%KI 1759;2116kcal/d],), carbohydrate intake (women: 190±5,3g/d [95%KI 

180,1;201,4g/d], men: 191,9±7,8g/d [95%KI 175,1,1;207,8g/d]), the supply of dietary fats (women: 

77±2,8 g/d [95%KI 71,5;82,5 g/d], men: 80,3±5,7g/d [95%KI 68,7;81,8g/d]), and the intake of vitamin 

D (women: 3,77±0,54µg/d [95%KI 2.69;4.87µg/d], men: 2,53±0,36µg/d [95%KI 1,80;3,25g/d]) and 

vitamin B12 (women: 5,15±0.4µg/d [95%KI 4.35;5.96µg/d], men: 4,68±0.37µg/d [95%KI 

3,91;5.44µg/d]) were according to the dietary guidelines. Furthermore, vitamin C- (women: 

132,51±7,64mg/d [95%KI 117,34;147,68mg/d], men: 119,4±0,5mg/d [95%KI 99,55;129,25mg/d]) and 

dietary protein (women: 74,29±2,09g/d [95%KI 70,14;78,44g/d], men: 80,02±4,02 g/d [95%KI 

71,83;88,21g/d]) consumption were elevated. 

 

 
Tabel  20. Explorative data analysis of nutrient intake of women.  

 

 

 

 

 

 

 



 

 32 

Tabel  21. Explorative data analysis of nutrient intake of men.  

 
 
 

Tabel  22. Explorative data analysis of vitamin B12, vitamin C and vitamin D consumption of women. 

 

 

Tabel  23. Explorative data analysis of vitamin B12, vitamin C and vitamin D consumption of men. 
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Furthermore, figure 8 and figure 9 show the energy-% distribution divided by consumed macronu-

trients. In both, women and men, the distribution was not according to the recommendations. 

Protein- (women: 15%, men: 16%), fat- (women:33%, men: 36%) and alcohol (women:14%, men: 

11%) consumption was too high, while the consumption of carbohydrates (women: 38%, men: 37%) 

was too low.  

 

 

 
Figure  8. Proportion of macronutrients in total energy intake (E%) in women. 

 

 

 

 

 

Figure  9. Proportion of macronutrients in total energy intake (E%) in men.  
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4.1.3.3 Vitamin B12-, folic acid- and vitamin D- levels 
Additionally, vitamin B12- (387.8± 15.1ng/l [95%KI 357.9;417.7]), vitamin D- (47.1±2.4nmol/l [95%KI 

42.4;51.9]) and folic acid levels (791.6±16µmol/l [95%KI 760;823] from blood tests, were evaluated 

and demonstrated in Table 24.  

 
 
Tabel  24. Explorative data analysis of blood parameters of vitamin B12, folic acid and vitamin D. 

 
 
 
 

4.1.4 Physical activity level 
 

To determine the overall physical activity level, movement of the participants was subdivided in 

basic physical activity (3.37±0.35 [95% KI 2.67;4.07]), leisure time physical activity (2.01±0.24 [95% KI 

1.53;2.48]) and vigorous intensity aerobic physical activity (0.36±0.07 [95%KI 0.21;0.50]) in hours per 

week shown in table 25.  

 

Tabel  25. Explorative data analysis of physical activity accomplished in the period of one week.  
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4.2 Correlation analysis  
The selected Inflammation markers, including CRP, inflammation indices and cytokines were corre-

lated with various health-, nutrition- and physical activity measurements including arthrometric 

measurements, blood parameters and dietary parameters, to examine their impact on inflammation. 

 
 
 

4.2.1 Correlations of CRP with health and nutritional parameters 
 
4.2.1.1 Correlations of CRP with anthropometric measurements 
Blood concentration of CRP correlated strongly with body weight (p=0.000, 𝑟=0.534), waist-to-hip-

ratio (p=0.006, 𝑟=0.239), systolic blood pressure (p=0.008, 𝑟=0.233), body-mass-index (p=0.000, 

𝑟=0.605) and body fat (p=0.000, 𝑟0.557). Furthermore, but weaker, CRP correlated with diastolic 

blood pressure (p=0.020, 𝑟=0.020). These findings, demonstrated in table 26, show an overall fre-

quent correlation of CRP with various anthropometric measurements. Higher CRP concentrations led 

to a negative shift of anthropometric measurements mentioned above. 

 
Tabel  26. Correlation of C-reactive protein (CRP) and various anthropometric measurements like height, body weight, blood 

pressure and BMI. 

Significant correlation (*) p≦0,05, highly significant (**) p≦0,01.  
CRP= C-reactive protein  
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4.2.1.2 Correlations of CRP with food consumption and physical activity state 
While assessing the dietary data, only one food group showed correlation with CRP (dairy/-products, 

p=0.035)), shown in Table 27. The negative correlation coefficient implies an inverse correlation 

between CRP and dairy/-products (𝑟= -0.185). No further relation between CRP and food groups, 

nutrients such as vitamin B12, nutritional fatty acids and energy consumption per day, were indi-

cated. CRP showed no correlations with nutrient intake and the physical activity state.  

 

Tabel  27. Correlation of C-reactive protein (CRP) and food consumption in servings per day. 

Significant correlation (*) p≦0,05  
CRP= C-reactive protein  

 
 

4.2.1.3 Correlations of CRP with inflammation indices  
The evaluation of three selected inflammation indices showed two correlations with CRP, listed in 

table 28. NLR correlated strongly with CRP (p=0.002, 𝑟=0.278) as well as with SII (p=0.004, 𝑟=0.252). 

PLR on the other hand showed no significant correlation.  

 

Tabel  28. Correlation of C-reactive protein (CRP) and inflammation indices including neutrophil-to-lymphocyte ratio (NLR), 

platelet-to-lymphocyte ratio (PLR), systemic immune inflammation index (SII) 

 
Highly significant correlation (**) p≦0,01 
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4.2.2 Correlations of inflammation indices with health- and nutritional measurements 
 
4.2.2.1 Correlations of Inflammation indices with anthropometric parameters 
Amongst the correlation of inflammation indices (NLR, PLR and SSI) and anthropometric measure-

ments, presented in table 29, only NLR showed a significant correlation with systolic blood pressure 

(p=0.002, 𝑟= 0.270). PLR correlated with BMI (p=0.040, 𝑟=0.182) and fat-free mass (p=0.044, 

𝑟=0.181); and SII correlated with systolic blood pressure (p= 0.015, 𝑟= 0.215) and heartrate (p=0.024, 

𝑟= 0.200). 
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Tabel  29. Correlation of inflammation indices and anthropometric measurements. 

 
significant correlation (*) p≦0.05, highly significant correlation (**) p≦0,01 
WHR= waist-to-hip ratio 
BMI= body mass index 
BCM= body cell mass 
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4.2.2.2 Correlations of inflammation indices with vitamin B12, folic acid and vitamin D levels  
Each inflammation index correlated with a different blood vitamin level, demonstrated in table 30. 

NLR showed an inverse correlation with folic acid in erythrocytes (p= 0.012, 𝑟= -0.223), while SII 

showed a strong inverse correlation with folic acid in erythrocytes (p=0.007, 𝑟= -0.238).  PLR on the 

other hand correlated with vitamin D levels in blood samples (p=0.029, 𝑟=0.194).   

 
 
Tabel  30. Correlation of Inflammation indices and blood vitamin levels. 

 
Significant correlation (*) p≦0.05, highly significant correlation (**) p≦0,01 

 

 

The evaluation of the food groups showed no correlation with inflammation indices except for meat 

consumption which correlated with neutrophil-to-lymphocyte ratio (NLR) (p= 0.030, 𝑟 =0.191). (Ap-

pendix 10.1) Furthermore, there is no relation between inflammation indices and nutrient intake, 

energy intake or the physical activity state.  

 
 
 

4.2.3 Correlations of cytokines with health- and nutritional measurements 
 
4.2.3.1 Correlations of cytokines   
 
There is a strong correlation between TNF-⍺ levels and the three other cytokines, such as IL-6 

(p=0.003, 𝑟 =0.523), IL-10 (p=0.000, 𝑟=0.712)) and IL-1β (p=0.000, 𝑟=0.532), demonstrated in table 

31. Furthermore, IL-1β correlated strongly with IL-10 (p=0.000, 𝑟=0.593). IL-6 and IL-10 (p=0.049, 𝑟 

=0.362) also indicated a significant correlation, but less powerful. 
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Tabel  31. Correlation of cytokines levels. 

 
Significant correlation (*) p≦0.05, highly significant correlation (**) p≦0,01 
IL= Interleukin 
TNF= Tumor necrosis factor  

 
 
 
4.2.3.2 Correlations of Cytokines with anthropometric measurements  
While investigating the correlation between cytokine levels and anthropometric measurements, 

shown in table 32, interleukin-6 correlated with several parameters, such as weight (p=0.023, 

𝑟=0.415), waist-to-hip-ratio (p=0.019, 𝑟=0.427), body water (p=0.022, 𝑟=0.417) and BCM (%) 

(p=0.029, 𝑟= 0.400). Further, IL-6 correlated invers with gender (p=0.047, 𝑟= - 0.366). Interleukin-10 

correlated invers with height (p=0.042, 𝑟= - 0.331) and interleukin-1β levels showed significant 

correlation with heartrate (p=0.018, 𝑟= 0.377). TNF-⍺ levels showed no significant correlations at all.  
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Tabel  32. Correlation of cytokines and anthropometric measurements.  	

	
Significant correlation (*) p≦0.05 
IL: Interleukin 
TNF: Tumor necrosis factor  
WHR: Waist-to-hip ratio  
BMI: Body mass Index  
BCM: Body cell mass  
	
 
 
4.2.3.3 Correlations of cytokine levels with immune cell concentration 
Investigating the correlation between cytokine levels and blood parameters revealed one significant 

result, which was between IL-6 and C-reactive protein levels (p=0.034, 𝑟=0.389), shown in table 33.  
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Tabel  33. Correlation of cytokines and blood parameters.   

 
Significant correlation (*) p≦0.05 
IL: Interleukin 
CRP: C-reactive Protein  

 
 
4.2.3.4 Correlations of cytokine levels with inflammation indices  
One of three examined inflammation indices showed a significant correlation, when compared with 

cytokine levels. More precisely, NLR with IL-6 levels (p=0.028, 𝑟=0.407), demonstrated in table 34. 

 
Tabel  34. Correlation of cytokines and inflammation indices. 

 
Significant correlation (*) p≦0.05 
IL: Interleukin 

 

4.2.3.5 Correlations of cytokine levels with vitamin B12, folic acid and vitamin D levels 
In table 35, the possible correlations between cytokine levels and blood concentrations of vitamin 

B12, folic acid and vitamin D were examined. One vitamin, vitamin B12, showed a significant corre-

lation with one of the cytokines, TNF-⍺ (p=0.022, 𝑟=0.366).  
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Tabel  35. Correlation of cytokines and vitamin levels in blood samples.  

Significant correlation (*) p≦0.05 
IL: Interleukin  
 

 
4.3 Prevalence of inflammation  
 

In the following, we evaluated the distribution of CRP and the inflammation marker in various groups 

like age, gender, food intake, physical activity and BMI. Classification criteria for each group is 

described in “Material and Methods” (3.4 “Data analysis”).  

 

4.3.1 Prevalence of inflammation measured by CRP  
We have divided the age category in two groups - people under 65 years old and over 65 years 

old. While comparing with the occurrence of CRP there is no significant difference between both 

groups. 

Next, CRP distribution between men and women was evaluated showing no significant difference 

between gender. Further evaluated groups were, physical activity status, fruit consumption, vegeta-

ble consumption, meat consumption, cereal product consumption, energy consumption, milk con-

sumption and fish consumption. All of them, showed no significant differences in CRP- concentra-

tions. 

However, increased CRP prevalence in connection with BMI was investigated and revealed significant 

results (Chi²= 4.521, p=0.033). 86.4% of the participants with increased CRP value were also over-

weight, as illustrated in figure 10. 
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Figure  10. Prevalence of overweight in proportion to CRP  

CRP: C-reactive protein  
 
 

While investigating the CRP occurrence in participants with in-/adequate PLR levels it showed, that 

higher CRP levels were found in patients with inadequate PLR levels (60%,) and healthy CRP levels 

in participants with adequate PLR levels (63.6%) (Chi²= 3.889, p=0.049), as described in figure 11.  

 

 
Figure  11. Prevalence of platelet-lymphocyte-ratio in proportion to CRP  

CRP: C-reactive protein  
PLR: platelet-to- lymphocyte ratio 
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4.3.2 Prevalence of Inflammation measured by inflammation index scores  
The same groups as tested with CRP, also were used to evaluate the prevalence of inflammation by 

inflammation indices. Of all tested groups, only two results where significant and are presented in 

the following. 

 

Figure 12 illustrates that 93.5% of the participants that did not achieved recommendations for cereal 

(-product), rice and potato intake, nonetheless achieved an NLR score within recommended refer-

ence range (Chi²= 5.759, p=0.016).  

 

 
Figure  12. Prevalence of neutrophil- to- lymphocyte- ratio (NLR) and achievement of the recommended intake of cereal (-

products), rice and potato.  

NLR: Neutrophil-to-lymphocyte ratio  

 
 

SII showed similar results. As shown in figure 13, 92.7% of the participants who did not achieve the 

recommendations for cereal (-product)-, potato- and rice consumption, still archived the recom-

mended SII scores (Chi²= 4.964, p=0.026).   
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Figure  13. Prevalence of systemic-inflammation index (SII) and achievement of the recommended intake of cereal (-products), 

rice and potato. 

SII: Systemic inflammation marker  
 
 
 
 
 

4.4 Effects of age, BMI and gender on inflammatory markers   
 

Three possible factors for increased inflammation, including age, BMI and gender, were evaluated 

by logistic regression. To measure inflammation, CRP concentrations, inflammation index scores and 

cytokine concentrations from blood samples were chosen as inflammatory markers.  

 

4.4.1 Effects of age, BMI and gender on CRP concentrations  
Age and gender showed no significant influence on inflammation markers including CRP- concen-

tration, NLR, PLR and SII. Only weight, in particular overweight showed a significant increase, but 

only in CRP- concentrations (Shown in table 36).  

 

Tabel  36. Logistic regression evaluating BMI, grouped in overweight and underweight category, and inflammatory markers 

including CRP [mg/l], neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and systemic immune inflam-

mation index (SII).  

 
Significant correlation (*) p≦0.05 
CRP: C-reactive protein  
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4.4.2 Effects of age, BMI and gender on cytokine concentrations  
While assessing the influence of gender, BMI and age on IL-6, -10, -1β and TNF-⍺, demonstrated in 

table 37, only gender showed significant results by influencing IL-10 status (p=0.023, 𝑟²=0.956) and 

IL-6 status inversely (p=0.046, 𝑟²=-0.724). BMI and age did not show any significant outcomes.  

 

Tabel  37. Logistic regression evaluating gender, grouped in female and male, and interleukin levels.  

 
Significant correlation (*) p≦0.05 
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5 Discussion 

Inflammaging, a condition that occurs in aging bodies, is a problem recently described in several 

studies (Henrique 2019.; Minciullo et al. 2016; Prattichizzo et al. 2016; Franceschi et al. 2018). Alt-

hough, its effects have been described already, the term inflammaging was implemented in 2000 

by Franceschi and his colleagues (C. Franceschi et al. 2000). It is described as a negative shift in 

inflammatory markers such as cytokines and C-reactive protein (Ferrucci and Fabbri 2018). Literature 

explains these changes on the basis of alterations in the human body occurring during aging. Those 

alterations include differences in the body composition like increased body fat tissue and, at the 

same time, decreased skeletal muscle mass. Since the population is getting older, and the life ex-

pectancy at birth is increased during the last centuries, inflammaging, and more so its negative 

consequences like heart disease (Strandberg and Tilvis 2000), diabetes (Barzilay et al. 2001), cancer 

(Il’yasova 2005), and Alzheimer’s disease (Akiyama 2000), are becoming an crucial public health 

problem now and in the future (National Research Council (U.S.) 2001). 

 
The aim of this study was to investigate the inflammatory state in elderly people by examining their 

current status of various anthropometric measurements, nutritional supply, dietary patterns and 

physical activity levels as well as their possible influence on selected inflammatory markers, such as 

CRP levels and cytokine levels of IL-6,-10-,-1β and TNF-⍺ and with inflammation indices like NLR, 

PLR and SII. 

 

First, it is important to define the current overall state of health of the collective and which one of 

the measured variables are linked to inflammation and may be precursor during inflammatory pro-

cesses. Based on the mean BMI of 28kg/m2 in women and 29g/m2 in men, the study participants can 

be classified as overweight. In line with that, analysis of the body composition showed an elevated 

body fat percentage and an increased waist-to-hip ratio in both, women and men. (Elmadfa 2009). 

It was already shown, that increased body fat with lower lean body mass are also linked to raised 

blood pressure (Staessen, Fagard, and Amery 1988). A slightly elevated blood pressure was also 

found in our study collective. It is interesting to note, that the inflammation indices were according 

to the reference values and showed no presence of inflammation. 

Further, all evaluated cytokine levels were according to the reference values, except TNF-⍺ levels 

which were increased (101.89±3.71pg/ml). The mean was twice as high as the recommended refer-

ence value of <51.85pg/ml. Even the person with the lowest TNF-⍺ value showed increased results 

(65.32pg/ml).  Chronically increased TNF-⍺ levels have been shown to be linked to inflammatory 
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diseases such as rheumatoid arthritis, psoriasis and inflammatory bowel disease (Esposito and Cuz-

zocrea 2009). These disorders are known to be frequent in elderly people and therefore are part of 

the inflammaging process (Zuo et al. 2019; Grimm and Friedman 1990).  

 
 

5.1 Influence of gender and anthropometric measurements on inflammation 
 

Obesity is linked to inflammation due to an overexpression of pro-inflammatory cytokines (Hotamis-

ligil 2006). This overexpression is a result of the progressive adipocyte enlargement due to excessive 

nutrient intake. Because of hyperplasia and hypertrophy of adipocytes, the blood supply to fat tissue 

may be reduced, resulting in hypoxia (Cinti et al. 2005). Hypoxia is a condition were parts of the 

body are deprived of sufficient oxygen supply. This can further lead to necrosis of the affected body 

part and macrophage infiltration into adipose tissue (Ellulu et al. 2015), resulting in overproduction 

of pro-inflammatory mediators, including TNF-⍺ and IL-6 (Ellulu et al. 2015). Furthermore, Zhang et. 

al. described in 2009, that an increased secretion of CRP in hepatocytes, is strongly stimulated due 

to elevated IL-6 levels (S. Zhang et al. 2009). 

In the present examination, CRP prevalence was higher in overweight and obese people in compar-

ison to participants with normal weight. Also, higher CRP concentrations showed significant corre-

lations with total body weight, body fat mass and waist-to-hip ratio. This was also confirmed by the 

research of Timpson et al. in 2011, concluding that circulating CRP is likely to be a marker for 

adiposity, therefore they confirmed the positive outcome of higher CRP levels in overweight and 

obese people (Timpson et al. 2011). 

Since poor lifestyle choices, such as an unhealthy, unbalanced diet and inadequate physical activity, 

are highly associated with increased body fat and in conclusion with an increased body weight, 

those lifestyle factors are indirectly an important cause for influencing the inflammatory state in the 

human body (Leigh, Byles, and Jagger 2016), although they didn’t show any significant direct impact 

on CRP levels in this study. 

In addition, our study confirmed the correlation between CRP levels and blood pressure, which is 

influenced by a high bodyweight and body fat mass (Staessen, Fagard, and Amery 1988). CRP levels 

are clinically exerted to predict the manifestation of cardiovascular events (F G Hage 2014). 2014, 

Hage stated, that CRP levels in hypertensive individuals are associated with atherosclerosis, vascular 

stiffness and cardiovascular events (F G Hage 2014). 

Besides the anthropometric measurements mentioned above, only gender showed significant results 

for a possible effect on inflammation by influencing the IL-10 (p=0.023, 𝑟²=0.956) and IL-6 status 

(p=0.046, 𝑟²=-0.724). This might be due to the fact, that sex hormones show great impact on pos-

sible pro- and anti-inflammatory effects because of differences in the body composition, such as 
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amount of body fat mass or fat- free body mass and furthermore, directly on inflammatory response 

(Kautzky-Willer, Harreiter, and Pacini 2016). 

 

5.2 Influence of nutrition and physical activity on inflammation 
 

Our observations of the dietary pattern concluded a highly increased consumption of meat, pro-

cessed meat, overall highly processed foods and alcoholic drinks. Studies show, that red meat and 

processed meat may increase inflammation by boosting IL-6 and CRP levels (Azadbakht and Esmaill-

zadeh 2009). However, most studies disprove that by adjusting for BMI, suggesting that the influence 

of meat consumption is no longer significant (Damião et al. 2006; Montonen et al. 2013; Chai et al. 

2017). Similar findings exist for the consumption of highly processed foods and alcohol resulting in 

elevated levels of pro-inflammatory markers including CRP and IL-6 (Lopez-Garcia et al. 2004). 

 

Furthermore, the consumption of cereal, rice and potatoes, vegetable and fruit in this study were 

below the recommendations of the DGE (DGE 2019b). This inadequacy of consumption has been 

shown to be important for the progression of inflammation in the human body. Studies demonstrate, 

that cereal and rice significantly reduce inflammation in human bodies (Kazemzadeh et al. 2014; 

Vitaglione et al. 2015), preferably consumed as whole grain for its beneficial effects (Xu et al. 2018). 

Processed grains on the other hand may increase inflammation due to their increased glycemic 

index, reduced vitamin and mineral levels and lesser amount of dietary fiber (Izadi and Azadbakht 

2015). The consumption of potatoes showed possible beneficial effects on inflammation and are 

even described as possible potent anti-inflammatory staple crop in the future (Reddivari et al. 2019; 

McGill, Kurilich, and Davignon 2013). While assessing the latest studies, some showed the positive 

properties of a diet rich in fruit and vegetable on the prevention and improvement on inflammatory 

processes by influencing markers of inflammation and oxidative stress (Holt et al. 2009; Lopez-Garcia 

et al. 2004). 

 

Overall, diets high in meat, processed food, refined sugar and sugar-sweetened beverages as well 

as low in whole-grain wheat, potatoes, vegetables and fruits, result in a negative shift in nutrient 

supply, which includes an increased dietary protein and -fat consumption while carbohydrate and 

dietary fiber intake is inadequate (Calle and Andersen 2019; Bailey and Holscher 2018; Vitaglione et 

al. 2015; Vermeulen et al. 2018). Interestingly, the present study collective showed dietary patterns 

that match the described unfavorable dietary pattern. This included not only a high protein and fat 

intake but also insufficient intake of carbohydrates and fiber. The overall negative shift in dietary 

pattern might result in a pro-inflammatory state in the human body. Vermeulen and colleagues 
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suggest, that dietary pattern characterized by high intakes of processed meat and refined sugar are 

related to inflammatory markers including CRP and IL-1β (Vermeulen et al. 2018). 

In contrast to the findings mentioned above, this study showed, that more participants, whose cereal, 

rice and potato intake were below the recommendations, reached an anti-inflammatory score of SII 

and NLR compared to those with an adequate intake. 

At first glance, these results may be conflicting with the previous findings of other studies, where 

an adequate carbohydrate intake showed anti-inflammatory properties. While examining the results 

of this study we noticed, that only the group of starchy vegetables displayed a significant association 

with SII and NLR. The group of Khosroshanhi however, demonstrated the effects of resistant high 

amylose starch on inflammation and stated, that starch had anti-inflammatory properties (Tayebi 

Khosroshahi et al. 2018). In 2020, these findings were furthermore supported in a randomized, 

double-blind, placebo-controlled crossover studies by Esgalhado and colleagues (Esgalhado et al. 

2020). 

Another crucial impact on our outcome might stem from gluten, a substance found in wheat and 

other cereal grains and which is capable of activating pro-inflammatory pathways in “gluten-sensi-

tive” people or people with celiac disease (de Punder and Pruimboom 2013), which might be another 

potential reason for this studies outcome. 

 

Also, a possible reason for above mentioned results might be the fact, that we did not distinguished 

between whole grain and refined grain consumption during the evaluation of the food diaries. Malik 

and colleagues were able to observe an increase in CRP levels when white rice was consumed 

compared to brown rice consumption (Malik et al. 2019). 

Also, Vitaglione et al. showed, that whole grain consumption seems to have protective effects against 

inflammation. Their data on inflammation markers, including IL-6 and TNF-⍺, demonstrated a sig-

nificant reduction after 8 weeks and an increase of IL-10 after 4 weeks of whole grain consumption 

(Vitaglione et al. 2015). These findings are supported by further studies (Katcher et al. 2008; Martínez 

et al. 2013). 

 

Not only cereals, rice and potatoes showed significant results while examining the impact of nutrition 

on inflammation. Further statistical tests showed an inverse correlation between CRP levels and the 

consumption of milk and dairy products. This outcome is supported by a systematic review of 52 

clinical trials which reported about the relation between inflammatory markers and dairy products 

by defining and evaluating an inflammatory score. They came to the conclusion that consumption 

of dairy products might have anti-inflammatory activity in humans (Bordoni et al. 2017). This is 

further supported in a systematic review by Labonté and colleagues (Labonté et al. 2013). 
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Despite adequate intake of vitamin D, the examination of circulating vitamin D-levels showed already 

detectable Vitamin D- deficiencies in the blood stream of the participants. Blood tests revealed, that 

circulating vitamin D-levels were at the lower end of the recommended reference values. This might 

be the consequence if insufficient outdoor exercise. Furthermore, inadequate vitamin D-status are a 

global health issue (Holick 2017) and highly linked to increased pro-inflammatory markers, including 

TNF-⍺ (Berridge 2017; Holick 2017). 

 

While analyzing the amount of vigorous intensity of physical activity per week, results showed, that 

participants accomplished less than 50% of the recommended time per week. These results are 

unsatisfactory and may be one of the reasons for the elevated CRP values in our participants. Various 

studies confirm the protective effects of physical activity on systemic low-grade inflammation, es-

pecially by reducing concentrations of CRP (Milani, Lavie, and Mehra 2004; Plaisance and Grandjean 

2006; Mora et al. 2007). Moderate and vigorous physical activity can attenuate multisystem declines, 

including loss of skeletal muscle and changes in cardiorespiratory and vascular system, due to aging 

(Sam et al. 2009).  
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6 Conclusion 

This study investigated the current inflammatory status in elderly people and potential influences of 

nutritional aspects, body composition and physical activity on chronic low-grade inflammation. 

It is important to note, that although the participants may not show an evident increased inflam-

matory state, an influence of body weight, body fat and fat- free mass as well as various dietary 

compounds, including vitamin D, milk and dairy products on inflammatory markers could be found. 

 

This study supports already existing findings in most parts, predominantly when body composition 

measurements were correlated with inflammatory markers and indices. However, it is hard to define 

the specific influences of body composition, nutrients, food and physical activity on inflammation, 

due to constantly ongoing interactions with other nutrients and lifestyle factors. The only conflicting 

outcome was found regarding the influence of cereals, rice and potatoes on inflammatory markers. 

Results showed higher SII and NLR ratios in participants who consumed those according to the 

dietary guidelines of the DGE (DGE 2019), which might be due to the fact, that during the evaluation, 

there was not made any differences between whole grains and refined grains. Other studies have 

been able to show anti-inflammatory properties of whole grain products (Vitaglione et al. 2015; Xu 

et al. 2018) while refined grains (e.g. white rice), showed pro-inflammatory properties (Malik et al. 

2019). 

 

In conclusion, this study supports the scientific consensus, that a high body weight and body fat 

mass, a nutrition high in meat and processed foods and low in fruits and vegetables and insufficient 

physical activity are important factors that promote inflammatory processes in the human body, 

which can result in chronic low-grade inflammation in the long run (Calvani et al. 2017; Nimmo et 

al. 2013; Rahman and Bagchi 2014). Identifying a single important factor is difficult and inadequate, 

since low-grade inflammation is a complex pathogenic condition and is caused by the interplay of 

various health- and lifestyle factors. This is important to consider, while developing potential pre-

vention- and therapy treatments. Furthermore, additional research is needed, to support current 

findings and investigate the underlying cause for the influence of lifestyle factors mentioned above, 

on the inflammatory process during aging.  
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7 Summary 

During the last decades, life expectancy increased substantially and implicates new challenges for 

the public health, for example, age-associated diseases like cardiovascular disease, Alzheimer’s- and 

Parkinson’s disease, respectively. Most of these diseases origin from down-regulations of the im-

mune system, which leads to a pro-inflammatory state in the human body. This phenomenon is 

described as “inflammaging”. 

Inflammaging is the chronic low-grade inflammatory state in elderly people, in absence of any 

triggers and is significantly associated with morbidity and also overall mortality. 

The aim of this master thesis was to investigate the current inflammatory state of elderly people 

and possible correlations of inflammation with age, body composition, physical activity state and 

nutrition. 

The study collective was analyzed for gender and age distribution as well as results of blood tests, 

anthropometric measurements, supply of nutrients, food intake and physical activity levels. 

To find associations between inflammatory markers, such as CRP, IL 6, -10, -1β, TNF-⍺, SII, NLR, PLR 

and possible pro-inflammatory factors, including body composition, nutrition, nutrient supply and 

physical activity, correlation analysis was used. 

Results show no evident increased inflammatory state in the participant, still there are significant 

results, that show the influence of body weight, body fat and fat- free mass and of various dietary 

compounds, including vitamin D and milk and dairy products on inflammatory markers, such as CRP, 

IL-6, IL-10, SII and NLR. 

In conclusion, this study supports the scientific consensus, that a normal BMI and an adequate body 

fat mass, a diet rich in unprocessed, plant-based foods and sufficient physical activity are important 

factors, that can prevent or even decrease inflammatory processes in elderly people and therefore, 

decelerate the Inflammaging process. Identifying a single important factor is problematic, since the 

combination of various health and lifestyle factors lead to this complex process of a systemic- low-

grade inflammation. This should always be considered, while developing potential prevention and 

therapy treatments. 
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8 Zusammenfassung 

In den letzten Jahrzehnten ist die Lebenserwartung erheblich gestiegen, was zu neuen Herausforde-

rungen für den Bereich der öffentlicher Gesundheitsförderung führt. Dazu gehören altersbedingte 

Erkrankungen, wie Herz-Kreislauf-Erkrankungen, Alzheimer und Parkinson. Die meisten dieser Krank-

heiten haben ihren Ursprung in einer Herunterregulierung des Immunsystems. Diese Veränderung 

führt zu einem entzündungsfördernden Milieu im menschlichen Körper, welche in der Literatur als 

"inflammaging" definiert wird. 

„Inflammaging“ beschreibt eine chronische Entzündung bei älteren Menschen, welche auf keinen 

externen oder internen Auslöser zurückzuführen ist. Darüber hinaus wirkt sich dieser Vorgang sig-

nifikant auf die Morbidität und auch Gesamtsterblichkeit im Alter aus. 

Ziel dieser Masterarbeit ist es, den aktuellen Entzündungszustand älterer Menschen zu ermitteln und 

mögliche Zusammenhänge zwischen Entzündungen und Lebensalter, Körperzusammensetzung, kör-

perlicher Aktivität und Ernährung zu untersuchen. 

Das Studienkollektiv wurde auf Geschlechts- und Altersverteilung untersucht. Des Weiteren wurden 

die Blutuntersuchungen, anthropometrischen Messungen, die Nährstoffversorgung und Nahrungs-

aufnahme sowie die körperliche Aktivität ausgewertet und analysiert. 

Um Assoziationen zwischen Entzündungsmarkern wie CRP, IL 6, -10, -1β, TNF-⍺, SII, NLR, PLR und 

möglichen entzündungsfördernden Faktoren, einschließlich Körperzusammensetzung, Ernährung, 

Nährstoffversorgung und körperlicher Aktivität, zu finden, wurde eine Korrelationsanalyse durchge-

führt. 

Die Ergebnisse zeigen keinen offensichtlich erhöhten Entzündungszustand bei den Teilnehmer, je-

doch gab es signifikante Ergebnisse, die den Einfluss der Körperzusammensetzung, wie Körperge-

wicht, Körperfett und fettfreie Masse und verschiedenen Nährstoffen und Lebensmitteln, einschließ-

lich Vitamin D, Milch und Milchprodukte auf entzündliche Marker, wie CRP, IL-6, IL-10, SII und NLR 

zeigten. 

Zusammenfassend unterstützt diese Studie den wissenschaftlichen Konsens, dass ein normaler BMI 

und eine angemessene Körperfettmasse, eine ausgewogene Ernährung und körperliche Aktivität 

wichtige Einflussfaktoren sind, die entzündliche Prozesse im menschlichen Körper und damit eine 

chronische Entzündung verhindern oder verringern können. Die Identifizierung eines einzelnen rele-

vanten Faktors ist jedoch problematisch, da eine chronische Entzündung ein komplexer Prozess ist, 

bei dem eine Kombination aus verschiedenen Gesundheits- und Lebensstilfaktoren eine Rolle dafür 

spielen. Dies sollte immer, während der Entwicklung potenzieller Präventions- und Therapiebehand-

lungen, berücksichtigt werden. 
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10 Appendix 

 

10.1 Tables 
 
Tabel  38. Correlation of Inflammation Indices and food groups  

 
Significant correlation (*) ≦0,05 
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10.2 Food diary 

Exemplary extract of the 3-day food diary. The following template is the original one, used in the 

“BEginn Study”, thus it is in German language.  

 
Hinweise zur Erstellung eines Ernährungsprotokolls 

-  Bitte führen Sie das Ernährungsprotokoll über 3 Tage und zwar an 2 Wochentagen und 1 Tag am 
Wochenende, Somit ergibt sich daraus: 
Donnerstag, Freitag, Samstag vor dem jeweiligen Untersuchungstag 

-  Ändern Sie in diesem Zeitraum ihre üblichen Ernährungsgewohnheiten nicht 

-  Erfassen Sie in diesem Zeitraum alles, was Sie essen und trinken (auch Bonbons usw,) 

-  Tragen Sie, wenn möglich, alle Lebensmittel sofort in Ihr Protokoll ein, vermeiden Sie es, Ihre An-
gaben abends nachzutragen 

-  Angabe der Lebensmittelmengen in Haushaltsmaßen und/oder Gramm z, B, Teelöffel, Esslöffel, 
Tasse, Becher, Portion 

-  Bei abgepackten Lebensmitteln oder Fertigprodukten bitte den Hersteller (Marke, Firma) und die 
Menge in Gramm angeben (Jogurt, Pizza, Konserven, Abtropfgewicht...) - Achten Sie auf den Fett-
gehalt der Lebensmittel (z, B, Milch 1,5% oder 3,5%) 

Beispiel 
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10.3 Food frequency questionnaire 
Exemplary extract of the food-frequency-questionnaire used in the BEGinn- Study, thus it’s in German 

language. 

 

 

Wir freuen uns, dass Sie an unserer Studie teilnehmen! 

Essen und Trinken haben viel mit Gesundheit zu tun. Um diese Zusammenhänge besser verstehen zu 
können, möchten wir Sie bitten, diesen Fragebogen auszufüllen. Bitte geben Sie den ausgefüllten Fra-
gebogen am Untersuchungstag bei uns ab. 

Wie wird’s gemacht? 

• •		Bitte benutzen Sie zum Ausfüllen keinen Bleistift, sondern möglichst einen blauen oder 
schwarzen Kugelschreiber. 

• •		Sie werden gefragt, wie oft und in welcher Menge Sie in den letzten vier Wochen verschie-
dene Lebensmittel gegessen haben. Denken Sie dabei auch an Mahlzeiten, die Sie außer 
Haus (z. B. im Restaurant, in der Kantine) eingenommen haben. 

• •		Bitte beantworten Sie jede Frage. Wenn Sie sich nicht sicher sind, dann schätzen Sie. Eine 
ungefähre Schätzung ist besser als gar keine Antwort. t Denken Sie bitte nur an Ihre 
Ernährung in den letzten vier Wochen! 
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• •		Es kommt vielleicht vor, dass Sie bestimmte Sachen nicht essen oder trinken. Kreuzen Sie 
dann bitte „nie“ an und gehen weiter zur nächsten Frage. 

• •		Bei den Mengenangaben geht es um die durchschnittliche Menge. 
• •		Bitte bei jeder Frage nur eine Antwort ankreuzen. 

Beispiel: Sie essen morgens 1 Vollkornbrötchen und abends 3 Scheiben Vollkornbrot. Bitte 
kreuzen Sie dann wie unten „2 Mal am Tag“ und als Menge „2 Scheiben“ (den Durchschnitt) 
an: 

 
 

•	Wenn Sie eine Antwort korrigieren möchten, schwärzen Sie die falsche Angabe, kreuzen Sie die 
richtige an und machen Sie zusätzlich einen Kreis um die richtige Antwort. 

Beispiel: Sie essen nicht 2 Mal am Tag, sondern nur 1 Mal Vollkornbrot. Korrigieren Sie die Frage 
bitte wie folgt: 

Die Einhaltung des Datenschutzes und die Wahrung der Vertraulichkeit sind uns wichtige An-
liegen. Bitte notieren Sie daher nicht Ihren Namen oder Ihre Telefonnummer auf dem Fra-
gebogen. 

Wenn Sie Rückfragen zum Ausfüllen des Fragenbogens haben, wenden Sie sich bitte direkt 
an unser Studienteam. Die Mitarbeiterinnen und Mitarbeiter helfen Ihnen gern. 
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Der vorliegende Ernährungsfragebogen stammt aus der Studie zur Gesundheit Erwachsender 
in Deutschland (DEGS Studie) und wird mit freundlicher Genehmigung des Robert Koch- In-
stituts verwendet. 
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10.4 Freiburger Questionnaire to measure the physical activity status 
Exemplary extract of the Freiburger questionnaire on physical activity used in the BEGinn- Study, 

thus it’s in German language. 
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