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egular physical exercise especially walking, running, or swimming
has positive effects on human health. When performed regularly, it
prevents the development of coronary artery disease (CAD), helps

patients to heal from cardiovascular disease (CVD), reduces the risk of de-
veloping diseases such as type 2 diabetes, osteoporosis, obesity, depression,
and cancer.1-3 In addition, there is literature suggesting physical exercise in-
duces muscle damage and non-specific inflammatory response manifested

Comparison of Some Plasma Inflammation Markers in
Elite Master Athletes, Recreational Athletes and

Sedentary Males

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  It is known that high-intensity exercises lead to muscle damage and fibro-
sis. This study aims to compare some plasma inflammation markers in elite master athletes, recre-
ational athletes and sedentary males to determine muscle injury. MMaatteerriiaall  aanndd  MMeetthhooddss:: 60 healthy
male participants (min-max 45-65 years) were divided into 3 groups: Elite master athletes per-
forming high intensity training (EMAG; n=22), recreational athletes performing moderate inten-
sity training (RG; n=21) and sedentary controls (CG; n=17). Resting serum levels of the monocyte
chemoattractant protein-1 (MCP-1), High-Sensitivity C-Reactive Protein (hsCRP), Tumor Necro-
sis Factor Alfa (TNF-α), Transforming Growth Factor Beta-1 (TGF-β-1), and Klotho hormone were
compared among the groups. RReessuullttss:: Body weight, fat percentages, body mass index were lower and
MaxVO2 was higher in EMAG than those of both RG and CG. TGF-β-1 and Klotho Hormone lev-
els of EMAG and RG were higher than CG. Vitamin D levels of EMAG were found higher than
those of CG. CCoonncclluussiioonn:: Regular long-term endurance training has a long-term positive impact on
the regeneration of muscle damage and inflammation. The high levels of Klotho hormone deter-
mined in EMAG provides a longer and healthier life by extending the initiation process of many ill-
nesses including metabolic diseases.

KKeeyywwoorrddss::  Master athletes; recreational athletes; hsCRP; MCP-1; TGF-β-1; klotho hormone

ÖÖZZEETT  AAmmaaçç::  Yüksek şiddette egzersizin kas hasarı ve fibrozise yol açtığı bilinmektedir. Bu çalışma
kas yaralanmasını belirlemek için elit master atletler, rekreasyonal atletler ve sedanter erkeklerde
bazı plazma inflamasyon markerlerini karşılaştırmayı amaçlamaktadır. GGeerreeçç  vvee  YYöönntteemmlleerr:: 60
sağlıklı erkek (min-maks: 45-65 yıl) yüksek şiddette antrenman yapan elit master atletler (EMAG;
n=22), orta şiddette antrenman yapan rekreasyonal atletler (RG; n=21) ve sedanter kontroller (KG;
n=17) olmak üzere üç gruba ayrıldı. Monocyte Chemoattractant Protein-1 (MCP-1), Yüksek has-
sasiyetli C-Reaktif Protein (hsCRP), Tumor Necrosis Factor Alpha (TNF-α), Transforming Growth
Factor Beta-1 (TGF-β-1) ve Klotho hormon istirahat düzeyleri üç grupta karşılaştırıldı. BBuullgguullaarr::
EMAG’ın vücut ağırlığı, yağ yüzdesi ve vücut kütle indeksi değerleri RG ve CG’den daha düşük;
MaxVO2 değerleri ise daha yüksekti. EMAG’ın TGF-β-1 ve Klotho hormon düzeyleri hem RG’den
hem de CG’den istatistiksel olarak daha yüksekti. EMAG’ın Vitamin D değerleri ise CG’den istatis-
tiksel olarak daha yüksek bulundu. SSoonnuuçç::  Uzun süre yapılan dayanıklılık antrenmanının kas hasarı
ve inflamasyonun rejenerasyonu üzerine olumlu etkisi vardır. EMAG’da belirlenen yüksek
düzeylerdeki Klotho hormonu metabolik hastalıklar da dahil pek çok hastalığın başlangıç sürecini
uzatarak daha uzun ve daha sağlıklı bir yaşam sağlar.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Master atletler; rekreasyonal atletler; hsCRP; MCP-1; TGF-β-1; klotho hormon
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by high concentrations of circulating pro- inflam-
matory growth factors and cytokines.4,5

hsCRP is a major acute phase reactant that
acutely and rapidly rises in response to infection
and tissue damage in humans. hsCRP has emerged
as a risk factor for predicting cardiovascular dis-
ease.6-10 It has been reported that exercise in men
aged 65-95 years has decreased plasma hsCRP lev-
els after moderate intensity training lasting 24
weeks.11 Similarly, plasma CK and hsCRP levels
were found to be higher in ultra-marathon runners
(308km) than marathon runners (100km).12

Monocyte Chemoattractant Protein-1 (MCP-1)
is required for reperfusion in normal skeletal mus-
cle regeneration after ischemic tissue disease.
Macrophages and inflammation are important
components in the formation of collateral arteries
and regeneration of skeletal muscle.13 MCP-1 has
been found to be positively correlated not only
with obesity, but also with other metabolic diseases
such as type 2 diabetes, arteriosclerosis and cardio-
vascular diseases.14,15 MCP-1 response to exercise
has been examined in some studies. Glintborg et al.
investigated the effect of strength training in eld-
erly male subjects on some inflammatory and hor-
monal parameters.16 They found a decrease in
MCP-1 levels during the last three months of the
exercise period. In another study, 100 people (65 to
95 yrs) performing endurance training and high in-
tensity interval training were observed and MCP-
1 levels were found to be decreased after 30
minutes of exercise in the endurance training
group.17

Many cell types secrete the cytokine, Tumor
Necrosis Factor (TNF) during acute inflammation.
TNF causes a diverse range of signaling events
within cells, leading to necrosis or apoptosis (cell
death). The protein also provides resistance against
infection and cancers. Increased local concentra-
tion of TNF results in bacterial infections. TNF ac-
tivates the clotting system by altering the balance
between procoagulant and anticoagulant activities
of vascular endothelin.18 The effects of exercise on
TNF-a have been a concern for researchers; how-
ever, the results of the studies have revealed con-
tradictory findings.19-21

Transforming Growth Factor-Beta-1 (TGF-β-
1) is an effective cytokine in the formation of many
tissue and cell activities, supporting early develop-
ment, differentiation, angiogenesis (new vascular
formation), immunological functions, and apopto-
sis.22 TGF-β-1 levels have been found to be in-
creased right after exercise.23

The Klotho Hormone (Kl) gene was first de-
scribed in mice in 1997 by Kuro-o et al. These mice,
defective in this gene and identified as Klotho, de-
velop normally until 3 weeks, then slow down in
their development and die within 8-9 weeks with
the increase in signs of aging. Klotho mice exhibit
typical aging phenotypes such as atherosclerosis,
ectopic calcification, pulmonary emphysema, deep
atrophy and osteoporosis.24 Analyses at the molec-
ular level have shown that the genetic locus (KL
gene) localized on the 5th chromosome does not
function normally in the appearance of these phe-
notypic features in mice.25,26 Plasma klotho levels
have been found to be associated with muscle
strength in humans. Hand grip strength is a strong
determinant of total muscle strength and a sign of
weak strength in elderly adults. Therefore, Richard
et al. compared the plasma klotho levels by meas-
uring hand grip strength in the elderly.27 They
found that the lower level of klotho was signifi-
cantly associated with weak skeletal muscle
strength in the elderly. Likewise, there was an as-
sociation between age, gender, smoking, physical
activity status, nutrition, chronic diseases, cogni-
tive level and klotho level and handgrip strength.

Intervention studies examining the effect of
exercise on inflammation markers such as hsCRP,
CK, MCP-1, TGF-β-1, and the levels of klotho hor-
mone are quite limited. In addition, the underly-
ing mechanism between exercise and these
parameters is not completely clear yet. Moreover,
we found no studies which examine the effect of
high-intensity exercises and recreative exercises
performed for more than a decade on plasma in-
flammation markers and the klotho hormone lev-
els. Thus, this study aims to compare some plasma
inflammation markers in elite master athletes,
recreational athletes and sedentary males to deter-
mine the muscle injury.
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MATERIAL AND METHODS

SSuubbjjeeccttss::  Forty-three athletes and 17 control
males participated in our study. Table 1 gives the
characteristics and training background of the ath-
letes and controls.

EElliitt MMaasstteerr AAtthhlleetteess ((HHiigghh iinntteennssiittyy aanndd lloonngg
dduurraattiioonn eexxeerrcciissee ttrraaiinniinngg ggrroouupp:: EEMMAAGG))::  We eval-
uated twenty-two male endurance athletes (mean
age±SD: 57.28±6.38 years) from İzmir Athletics
Masters’ Club. Inclusion criteria were as follows: 1)
age between 45-65 yr, 2) under training for more
than 10 years, 3) under training regularly at least 5
days/10 hours per week, 4) participating in national
or international competitions regularly, 5) living in
a city at the sea level for at least 10 years.

RReeccrreeaattiioonnaall  AAtthhlleetteess  ((MMooddeerraattee  iinntteennssiittyy  aanndd
dduurraattiioonn  eexxeerrcciissee  ttrraaiinniinngg  ggrroouupp::  RRGG))::  Twenty-one
(walking, jogging, gymnastics) male athletes (mean
age±SD:62.38±2.12 years) from a fitness-center and
exercising for endurance were evaluated. We in-
vited the participants meeting the following crite-
ria: 1) age between 45-65 yr, 2) exercising
aerobically for recreational purposes, 3) under
training for at least 10 years, 5) under training for
at least 3 days/3 hours per week, 6) enrollment for

training in a fitness center regularly, 7) living in a
city at the sea level for at least 10 years.

SSeeddeennttaarryy  iinnddiivviidduuaallss  ((CCoonnttrrooll  ggrroouupp::  CCGG))::  By
means of local advertisements seventeen sedentary
men (mean age±SD: 52.23±6.05 years) were invited
for the study. Not performing any type of physical
exercise even for 15 minutes twice per week for the
previous 6 months was accepted as the criterion for
being sedentary. The other criteria for participation
in the study were being between 45 and 65 years
old and living at the sea level for at least 10 years. 

The ones having chronic diseases, being under
regular medical treatment, having Vitamin D and
CK supplements, having a BMI beyond the accept-
able range (20-32 kg/m2), having musculoskeletal
diseases, and smokers were excluded. Subjects were
given questionnaires to get information about their
training history. Necessary information about the
study design was given, and they signed an informed
consent form. Nutritional habits of the participants
were determined using “the nutritional habits sec-
tion” of the “health and lifestyle profile” survey de-
veloped by Walker et al. No statistically significant
differences were found in nutritional habits among
groups.28 The ethical council of Celal Bayar Univer-
sity, Faculty of Medicine approved the study.

EMAG (n= 22) RG (n= 21) CG (n= 17)

Parameters Mean ± SD Min-max Mean ± SD Min-max Mean ± SD Min-max

Age (years) 57.28±6.38 47-65 62.38±2.12 52-65 52.23±6.0   5 45-64

Body weight (kg) 70.58±7.45 61-87.30 78.21±9.6 64.1-93.2 80.04±5.8   3 68.8-91.5

BMI (kg/m2) 24.30±1.14 21.90- 26.20 27.2±2.78 22.1-32.2 26.33±1.1   8 24.4-27.7

Body fat (%) 9.27±3.82 4.60-18 19.55±6.01 10.8-31.3 19.64±2.6   5 12.3-22.3

MaxVO2 (ml/min/kg) 46.60±3.07 42.30-54 32.63±1.72 29.79-35.73 23.31±2.6   9 18.41-29.5

MCP-I (ng/ml) 568.84± 490.33 2.2- 2393.65 700.75± 588.08 203.93- 3086.39 454.57± 218.61 203.93- 1027.08

hsCRP (mg/L) .98±.79 .20-2.96 .98±.89 .08-3.20 1.70±.99 .18-2.96

TNF-α (ng/ml) 2.22±0.11 2.2-2.72 3.4±5.38 2.2-26.88 2.2±.0 2.2-2.2

TGF-β-1(pg/ml) 87774.56± 80859.11 2.2- 296297.66 38882.16± 40798.08 2.2- 111718.64 37059.65 ± 46034.16 2.2-155654.96

Klotho (pg/ml) 820.08± 335.65 426.10- 1677.54 796.70± 357.13 249.22- 1584.67 569.94± 229.52 333.24- 1279.55

Vitamin D (ng/ml) 21.85±8.63 9-39 18.28±7.81 5-32 14.52±8.2   1 .86-36

CK (ng/ml) 124.09±73.0   9 53-335 71.52±27.42 28-134 102.70±4   8 50-223

TABLE 1: Physical and physiological parameters of participants.

Group comparisons were made using Kruskal-Wallis test.
EMAG: High intensity and long duration exercise training group;  RG: Moderate intensity and duration exercise training group; CG: Control group; BMI: Body mass index; 
MCP-1: Monocyte Chemoattractant Protein-1; hsCRP: High-Sensitivity C-Reactive Protein; TNF-α: Tumor Necrosis Factor-Alfa; TGF-β-1: Transforming Growth Factor-Beta-1.



SSttuuddyy  ddeessiiggnn:: The evaluations of the partici-
pants were conducted within the same month to
avoid the seasonal variation. On the first day, their
body compositions were measured using bioelec-
tric impedance method, using a Tanita body com-
position analyzer (Tanita TBF 300 M, Tokyo-
Japan). On the second day, their aerobic capacity
(MaxVO2) was measured indirectly using 2-km
walking test. Using the following formula for men,
MaxVO2 of the participants was estimated:29

184.9- 4.65 x duration (min-sec)-0.22 x HR-0.26 x age
(years) -1.05 x BMI (kg/m2) 

Participants were warned not to perform any
physical activity within 48 hours preceding the as-
sessment day.

BBlloooodd  aannaallyysseess::  Blood samples were taken
from the antecubital vein (20 ml) in the sitting po-
sition after a 20-minute rest. MCP-1, hsCRP, TNF
alpha, TGF-β-1, and Klotho hormone, CK and vi-
tamin D were studied in the blood samples taken
between 8.00-10.00 a.m. Serum and plasma were
separated by centrifugation and stored at -80°C;
they were analyzed all at once. hsCRP levels were
studied from plasma samples using DRG, an inter-
national kit (New Jersey, USA) and enzyme-linked
immunosorbent assay (ELISA) method. The assay
range of hsCRP kit is 0.1mg/L-10mg/L and its sen-
sitivity is 0.1 mg/L. Intra-Assay: CV <7.5% Inter
Assay: CV <4.1%. The results were calculated by
comparing with the standard curve. In accordance
with the manufacturer’s recommendation, samples
were diluted 20 times and then multiplied by the
dilution factor of 20.

MCP-1 levels were studied from plasma sam-
ples with eBioscience, BenderMed (Vienna, Aus-
tria) kit and ELISA method. The assay range of
MCP-1 kit was 2 ng-/ mL →→- 1000 ng/mL and sen-
sitivity was reported as 2.3 pg/mL. Intra-Assay: CV
4.7%; Inter-Assay: CV 8.5%. The results were cal-
culated by comparing with the standard curve. In
accordance with the manufacturer’s recommenda-
tion, the samples were diluted 5 times and then
multiplied by the dilution factor of 5 to obtain the
results. TNF-α levels were measured using eBio-
science, BenderMed (Vienna, Austria) brand kit

and plasma samples were analyzed using ELISA
method. According to the information given by the
manufacturer, the lowest level of TNF-α kit has
been reported to be 2.3 pg/ml. Intra-Assay CV:
6.0%; Inter-Assay CV: 7.4%. The results were cal-
culated by comparing with the standard curve. In
accordance with the manufacturer’s recommenda-
tion, the samples were diluted 2 times and then
multiplied by the dilution factor 2 to obtain the re-
sults.

TGF-β-1 levels were studied from plasma sam-
ples using eBioscience, BenderMed (Vienna, Aus-
tria) brand kit and ELISA method. The minimum
sensitivity of TGF-β-1 is 8.6 pg/ml has been re-
ported. Intra-Assay CV was 3.2%; Inter-Assay CV
was reported as 4.9%. The results were calculated
by comparing with the standard curve. In order to
separate the disulfide bonds, samples were first di-
luted with 1 Normal HCl for 1 hour, then neutral-
ized with 1 Normal NaOH, 30 times diluted, and
then multiplied by dilution factor of 30 to obtain
the results.

Human soluble alpha klotho levels were stud-
ied from plasma samples with IBL (Gunma, Japan)
brand kit and ELISA method. The range of meas-
urement of human soluble alpha klotho kit is
93.75-6.000 pg/ml, and sensitivity of 6.15 pg/ml has
been reported. Intra- Assay CV is 3.5%; Inter-
Assay CV is 6.5%. The results were calculated by
comparing with the standard curve. In accordance
with the manufacturer’s recommendation, the
samples were diluted 2 times and then multiplied
by the dilution factor 2 to obtain the results.

Measurements of creatine kinase levels in
plasma samples are based on the recommendations
of the International Federation of Clinical Chem-
istry (IFCC). They were analyzed with The Beck-
man Coulter original commercial kits (Beckman
Coulter Chemistry Analyzer AU 5800, Tokyo,
Japan) in an autoanalyzer. 

Vitamin D levels in the plasma samples were
analyzed by the electrochemiluminescence bin-
ding method using the ROCHE original commer-
cial kit (Roche Cobas e411, Sandhofer Strasse,
Mannheim).
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STATISTICAL ANALYSIS

For data analysis SPSS 15.00 statistical package pro-
gram was used. Results were presented as
mean+standard deviation (SD). We compared the
groups using a Kruskal-Wallis test. When a signif-
icant difference was obtained among the groups,
Mann-Whitney U test was used to determine the
difference between the two groups. p<0.05 was ac-
cepted as the statistical significance level. 

RESULTS

Body weight, percent body fat (%) and BMI results
of the groups revealed statistically significant dif-
ferences, favoring EMAG. The highest MaxVO2

values among the three groups were observed in
EMAG (p<0.01; Table 2). Table 3 presents the com-
parisons of biochemical parameters among groups.
There was not any significant difference in serum

levels of MCP-1, hsCRP, TNF-α and CK among
groups. EMAG and RG were significantly higher
than CG in their TGF-β-1 and Klotho hormone 
levels (p<0.01 p<0.05, respectively). Vitamin D lev-
els of EMAG (21.85±8.63 ng/ml) were statistically
higher than those of CG (14.52±8.21 ng/ml) (p<0.05).

DISCUSSION

In our study, we tried to evaluate the associations
between long-term training with different inten-
sity and duration being performed for more than
10 years and some inflammation markers. Higher
levels of TGF-β-1 and Klotho hormone were ob-
tained in EMAG than the other two groups. 

Exercise not only enhances muscle function,
but also reduces pro-inflammatory cytokines
through circulation. MCP-1 is required for reper-
fusion in normal skeletal muscle regeneration after

Parameters EMAG (n=22) RG (n=21) CG (n=17) p EMAG / RG EMAG / CG RG / CG

Age (years) 57.28±6.38 62.38±2.12 52.23±6.05 .548 .269 .016 .587

Body weight (kg) 70.58±7.45 78.21±9.6 80.04±5.83 .001** .010* .000** .419

Body fat (%) 9.27±3.82 19.55±6.01 19.64±2.65 .000** .000** .000** .713

BMI (kg/m2) 24.30±1.14 27.2±2.78 26.33±1.18 .000** .000** .000** .258

MaxVO2 (ml/min/kg) 46.60±3.07 32.63±1.72 23.31±2.69 .000** .000** .000** .000**

TABLE 2: Physical and physiological parameters of participants.

*p<0.05; **p<0.01
Group comparisons were made using Kruskal-Wallis test.
Mann-Whitney U test was used to determine the differences between the two groups (two- sided).
EMAG: High intensity and long duration exercise training group;  RG: Moderate intensity and duration exercise training group; CG: Control group; BMI: Body mass index.

Parameters EMAG (n=22) RG (n=21) CG (n=17) p EMAG / RG EMAG / CG RG / CG

MCP-I (ng/ml) 568.84±490.3   3 700.75±588.08 454.57± 218.61 .180 .285 .502 .060

hsCRP (mg/L) .98±.79 .98±.89 1.70±.99 .412 .535 .368 .197

TNF-α (ng/ml) 2.22±0.11 3.4±5.38 2.2±.0 .100 .056 .083 .780

TGF-β-1 (pg/ml) 87774.56±80859.11 38882.16±40798.08 37059.65± 46034.16 .009** .850 .002** .023*

Klotho (pg/ml) 820.08±335.6   5 796.70± 357.13 569.94± 229.52 .032* .166 .002** .023*

Vitamin D (ng/ml) 21.85±8.63 18.28±7.81 14.52± 8.21 .009** .126 .010* .060

CK (ng/ml) 124.09±73.09 71.52±27.42 102.70± 48 .166 .195 .692 .060

TABLE 3: Comparison of biochemical parameters among groups.

*p<0.05; **p<0.01
Group comparisons were made using Kruskal-Wallis test.
Mann-Whitney U test was used to determine the differences between the two groups (two- sided).
EMAG: High intensity and long duration exercise training group;  RG: Moderate intensity and duration exercise training group; CG: Control group; 
MCP-1: Monocyte Chemoattractant Protein-1; hsCRP: High-Sensitivity C-Reactive Protein; TNF-α: Tumor Necrosis Factor-Alfa; TGF-β-1: Transforming Growth Factor-Beta-1.



ischemic tissue disease.13 Glintborg et al. found a
reduction in MCP-1 levels in the last three months
of a strength training program conducted with eld-
erly male subjects.16 They stated that longer phys-
ical activity has more positive effects on inflam-
matory parameters. Plasma MCP-1 levels were also
investigated in endurance training, high-intensity
interval training and sedentary elderly subjects (65-
95 yr). Researchers determined a decrease in MCP-
1 levels after 30 minutes of exercise in the
endurance training group.17 Some studies have
evaluated changes in the release of cytokines in
skeletal muscle after long-term exercise interven-
tion. In a study conducted with 8 young (28 yr) and
8 elderly male participants (70 yr) performing iso-
kinetic exercises for 12 weeks, MCP-1 was found
to be significantly increased after exercise period.
However, post-exercise MCP-1 levels of the eld-
erly were higher than the young participants. The
researchers suggested that regular exercise can be
an important factor in normalizing this inflamma-
tory response in the elderly through muscle regen-
eration and adaptation.30 In another study, a group
of regularly exercising elderly (65-72 yr.) were
compared to younger adults (23-27 yr) as controls;
plasma MCP-1 and hsCRP levels were found to be
lower in younger individuals. This is explained by
the fact that the exercise intensity performed by
the elderly is lower and the physiological functions
of the elderly are weaker than the young although
they exercise regularly.31

We did not find a statistically significant dif-
ference among our groups in MCP-1 levels. Even so,
the lower MCP-1 levels in the master athletes than
those of recreative athletes, (568.84± 490.33ng/ml vs.
700.75±588.08ng/ml), which shows similarities with
some experiments , may be clinically important for
further research in terms of exercise intensity and
volume (Table 3).16,17

However, our results are contradictory to the
results of Della Gatta et al. since they applied iso-
kinetic exercises in their study.30 Due to the re-
duced levels of MCP-1 observed in our EMAG, we
can suggest that aerobic endurance exercise may
have more positive effects on the inflammatory pa-

rameters as with Glintborg et al.16 Since MCP-1 pa-
rameter is found to be lower in the Elite master
athletes, this could have led to normalizing the in-
flammatory response in the elderly through muscle
regeneration and adaptation.

Plasma CK and hsCRP levels were investigated
in long-distance endurance and ultra long-distance
endurance male runners. The results revealed that
plasma CK and hsCRP levels were higher in ultra-
marathon runners than in marathon runners.12

Muscle and cartilage biomarkers and cytokine re-
lease were evaluated during a 200-km race and the
biomarkers associated with muscle and cartilage
damage and inflammation were found to be in-
creased during the 200-km race, particularly in the
second half of the race, proving that ultra-
marathon exercises are an important influence on
muscle and cartilage structures.21 However, in a 24-
week moderate-intensity aerobic exercise program
led to a decrease in post-training plasma hsCRP
levels in men aged 65-95.11 Our exercising groups
had insignificantly lower hsCRP levels than our
CG. These lower levels may be clinically important
because high levels of hsCRP are generally related
with high-intensity exercises like ultra-marathon
run. Relatively higher levels of hsCRP of the CG
led us to think some other underlying mechanisms
for inflammation. Recommendations of the Joint
committee of American Heart Association on CRP
testing for coronary heart disease, state the deci-
sion interval <1 mg/L as low risk; 1-3 mg/L inter-
mediate risk and >3 mg/L as high risk. They also do
not recommend universal hsCRP screening of the
adult population. Our results in all groups are in
the normal reference ranges and much lower than
even the low risk threshold. We are of the opinion
that leading a sedentary life style may be equally
harmful for the human body in terms of inflam-
mation. However, this view needs support with ad-
ditional experimental and longitudinal data. In
brief, the exercise programs of our exercising
groups seem appropriate for preventing muscle and
cartilage injuries.

TNF-α is a cytokine released from various
acute and chronic inflammatory adipocytes and has
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been found to be increased in the presence of meta-
bolic syndrome, diabetes, and cancer. Therefore, its
response to exercise has been investigated in some
intervention studies. Research investigating the ef-
fect of exercise on TNF-α has revealed contradic-
tory results. In a study performed by Ho et al. three
different exercise models -12 weeks of regular in-
tensive aerobic exercise, resistance exercise and
combined exercise-were applied.19 TNF-α levels
significantly decreased in the highest proportion in
the combined exercise group compared to the base-
line values. As the aforementioned study results
suggest, both intensive aerobic and resistance ex-
ercises are required for reductions in TNF-α levels.
In our belief, since our exercising groups did not
include resistance exercises in their training pro-
grams, there were no differences between them in
their TNF-α levels. Studies examining the acute ef-
fects of exercise on TNF-α revealed contradictory
results. Though insignificantly, TNF-α levels in-
creased up to day 7 after the ultra-marathon run
of 52-64-year-old men.20 In another study, Kim
et al. evaluated the muscle and cartilage bio-
markers and cytokine release during a 200 km
race and they found no significant changes in
TNF-α levels.21

TGF-β-1 is an effective cytokine in many tis-
sue and cell activities, promoting early differentia-
tion, angiogenesis, immunological functions and
apoptosis. TGF-β-1 may be associated with tumor
suppression due to the suppressive effect of apop-
tosis. The induction capacity of apoptosis has begun
to be investigated in many cell types. Studies at the
cell level show that the role of TGF beta apoptosis
is important in stabilizing B and T cells. Studies
have also shown that TGF-β-1 is effective in the
death of prostate epithelial cells and in the control
of liver cell death. It is also an important cy-
tochrome in the ontogenetic nerve death stages, tis-
sue regeneration and shape alteration.22 The role of
exercise on TGF-β-1 was examined by Czarkowska-
Paczek et al. They compared exercising and seden-
tary rats. Exercising rats participated in a 6-week
study in which they exercised 5 days/week, starting
from 10 minutes with ten-minute increments reach-
ing 60 min/week. They reported that exercising rats

showed a significant increase in their TGF-β-1 lev-
els right after the exercise and 2 hours following ex-
ercise. However, the most significant increase was
seen 3 hours after the exercise.23

In another study, blood samples were taken on
the 4th, 8th and 16th weeks from the healthy mice per-
forming intensive exercise. Although TGF-β-1 levels
significantly increased in all three analyses, the high-
est increase was observed on the 16th week.32

We observed parallel results in our exercising
groups, which enabled us to suggest that regular
exercise either in high or moderate intensity can
lead to positive outcomes in many tissue and cell
activities, in the support of early development, dif-
ferentiation, and angiogenesis. Even so, the higher
TGF-β-1 levels observed in our EMAG compared
to RG may suggest that aerobic exercise should be
performed at a slightly higher intensity than mod-
erate intensity.

The importance of Vitamin D increases as peo-
ple get older since it has an important role on bone
health and muscle strength. The role of exercise on
Vitamin D is the concern of recent studies. Some
researchers are on the belief that Vitamin D sup-
plementation is required for healthier bones. After
a 9-month intervention with and without Vitamin
D supplementation, the group of the elderly per-
forming resistance training and taking supplements
showed higher muscle strength and higher levels
of Vitamin D than the other group.33 We observed
higher Vitamin D levels in our EMAG than the
other exercising group although they did not use
any Vitamin D supplements. The open-field exer-
cise program followed by our EMAG might have
enabled them to utilize the sun rays for Vitamin D
synthesis. In addition, long distance run hypothet-
ically puts more strain on the bones, which in turn
may help bones to become stronger. However, we
did not perform any tests for bone strength such as
DEXA for our groups. Therefore, we do not have
any data to make any further comment.

Klotho hormone has been a concern in re-
search in recent years, but the number of studies
examining the effects of exercise on this hormone
is very limited. Increases in plasma Klotho concen-
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trations by means of aerobic exercise could result in
exercise-induced decreases in arterial stiffness.34 It
is suggested that this leads to enhancing vascular
protection and ameliorating endothelin-induced
arterial stiffness. Secreted Klotho protects en-
dothelial cells and smooth muscle cells through NO
production.35

Men and women between 24-102 years old
were investigated to find out a relationship be-
tween cardiovascular diseases and plasma klotho
levels.36 Researchers determined correlations be-
tween Plasma klotho levels, hsCRP levels, and age.
Richard et al. compared plasma klotho levels with
hand grip strength in 804 elderly individuals at the
age of 65 and over.27 They found that the lower
level of klotho was significantly associated with
weak skeletal muscle strength in the elderly.
Klotho hormone levels were higher in younger
footballers than their sedentary counterparts.37 We
found a statistically significant difference among
our groups, but could find no significant observed
in EMAG difference between EMAG and RG. Even
so, the higher Klotho hormone levels (820.08±
335.65 pg/ml vs. 796.70±357.13 pg/ml) may be clin-
ically important in terms of the exercise intensity
and volume to gain better Klotho hormone levels
for further research (Table 3).

In a recent study by Lucas Jurado-Fasolia et
al., alcohol consumption and sKlotho plasma lev-
els in middle aged sedentary adults were found to
have negative association. Furthermore they found
higher consumption of total alcoholic drinks is as-
sociated with lower S-Klotho plasma levels con-
trolling for BMI (P=0.011), Lean Mass Index
(P=0.010) and for Fat Mass Index β=-P=0.049)
using multiple linear regression models.38 This is
in accordance with our findings in our groups. We
found statistical differences among EMAG and RG,
EMAG and CG for body fat (%), BMI, MaxVO2 (P=
.000) and a statistically difference in EMAG and
CG for body weight (P= .000). Klotho hormone is
associated with the regulation process of the body
composition assessed with measurements such as
BMI, body fat, fat mass index etc. In a study ex-
amining the associations of plasma klotho levels

with BMI in patients with restricting-type
anorexia nervosa (r-AN) and obesity was exam-
ined. Plasma klotho levels were markedly lower in
the obesity group than in the control group. More-
over, plasma klotho levels increased significantly
after the recovery of BMI in r-AN patients.39 In an-
other study it was found that concentrations of
serum Klotho were associated with body weight.40

The final report from the clinical trial of Amaro-
Gahete et al. will be very interesting and could
uncover the relationship mechanism of klotho
with the metabolism.41

CONCLUSION

The comparison of two different groups of 45-65
year-old males in terms of inflammation markers
revealed that regular long-term endurance train-
ing has long-term positive effects on muscle re-
generation and regeneration of inflammation.
However, performing an exercise program similar
to the one followed by EMAG in our study seems
more favorable since such a program appeared to
be more effective in delaying the initiation period
of cardiovascular, immune system, joint and skin
diseases, high cholesterol, and Type II diabetes due
to aging. Our present study provides the field with
clear evidence on the positive effects of regular
long-term endurance training for a longer and
healthier life.
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