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Teljesitmény csokkenés



Meérni, mérni és meérni
Nyugalmi, maximalis és megnyugvasi pulzus

Er6, gyorsasag, alloképességi tesztek, LT kiiszob (sport
specifikus legyen)

,Biomarkerek”: CK, hugysav, cfDNS, kortizol/tesztoszteron,
glutamin

Alvas mindség: REM és NREM szakasz, alvas kézbeni mozgas
mennyiség



3.1. tablazat

Elettani Biokémiai Immunolodgiai Pszichés
Csokkent teljesitmény Negativ fehérje egyensuly Megnovekedett Depresszio
. L érzékenység
Romlo koordinacio Romlé cukor tolerancia ~ mindenfajta betegségre ~ Csokkend
Csokkent ferritin szint 6nbizalom
) S o Csokkend izom glikogén Felsé léguti
Csokkent asvanyi anyag felszivas megbetegedések rnedlordlic
Blsrerrd s Tl 2 S Csokkend csont asvanyi instabilitas
anyag tartalom Nyirokcsomé duzzadas
Csokkent terhelés tolerancia Koncentracio
Krénikus faradtsag vy Laz hiany
Emelkedett nyugalmi, romlo Emelkedett kortizol szint Bakterialis fert6zések Félelem
megnyugvasi pulzus
. , Csokkent tesztoszteron szint Her Kitarta
Csokkent testsuly erpesz IF? tas
hidnya
Emelkedett O, felhasznalas Csokken6 glutamin szint  Csékkent limfocita szam

submax. terhelésnél
Alvas zavar
Etvagytalansag

Iziilet és izom fajdalmak
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Adaptiv mikrotrauma

|

Helyi akut gyulladas

!

Helyi kronikus gyulladas

!

Altalanos immun/gyulladasos valasz



Abra 3.9

* Funkcionalis zavarok
* Hormonalis rendszer valtozasa
* Gatlo folyamatok szervez6dése

 Specifikus hypothalamus magok

aktivalasa _ .
e Mikrosériilés

 Glikogén hiany
» Akut fazis fehérjék |* Gyulladasos

e Szénhidrat citokinek termel6dése

anyagcsere zavara | * Aktivalt makrofagok

* Immunrendszer |* Csdkkent funkcio
Zavara » Sejt sériilés




Citokinek




Emelkedo és lejtén
futassal okozott
tuledzés

De Rocha et al. 2017
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Cell Free DNA

Investigations:

* Cancer (drculating tumor DNA - ctDNA)

* Myocardial infarction

* Pro-inflammatory diseases (cirrhosis, hepatitis,
sistemic lupus erythematosus, rheumatoid arthritis)

* Chronic kidney disease

* Traumatic braininjury

* Exercise

* Prenatal screening "NIPT" (cell free fetal DNA -
cffDNA)

III c¢fDNA concentration in blood

Diaz and Bardelli, ] Clin Oncol 32:579-586 & .Tomol




17 fitt ffi vett rész a 12 hetes vizsgalatban, mely négy 3 hetes részre volt bontva
(t1, t2, t3, t4).
Az elsé és negyedik periodusban az edzés terjedelem alacsony volt,
mig a t2-ben nagy terjedelmii volt a terhelés.
A t3 maximalis intenzitasu edzéseket foglalt magaban.

Table 1. Training volume and performance as well as CK, CRP, and UA concentration changes at rest (Baseline), and after
low- (t1), high- (t2), very high- (t3), and low-volume (t4) resistance training

Basellne 1

Mean tralning volume, tonnage /wk (SE)? N/A 2.2(0.2)
Performance (maximal strength), kg (SE)” 96.6 (17.1) 99.2 (11.7)
Cellfree plasma DNA, 8GenEq/mL (SE) 31.4(13.8) 1435 (22.9)
(14.0-65.9) (76.6-180.6)
CK activity, units/L (SE) 102.6 (19.1)  134.5(20.1)

(59.4-149.8)  (86.7-82.2)

CRP, mg/L (SE) 0.84 (0.17) 0.86 (0.19)

(0.45-1.24) (0.42-1.31)

UA, mg/L (SE) 39.1 (4.0) 42.4 (4.0)

(30-48.2) (33.3-51.5)

t2
7.8(0.6)¢
109.6 (14.8)%
289.9 (41.1)%%
(196.9-383.0)
296.6 (49.6)
(185.5-407.6)
3.364 (1.07)%¢
(1.00-5.77)
51.2 (3.7)°
(42.8-59.6)

@ Mean number of tons lifted per week for all resistance exercises employed in the protocol. NA, not applicable.

b Mean maximal strength in 1 representative exercise (squat).

¢ Significant difference with baseline (T0).

“ Significant difference with t1.

“ Difference between 13 and 4.

' Significant difference between t4 and t3.

£ Significant difference with t4. Minimum and maximum values are shown In parentheses.

t3
14.8 (1.4)%¢
104.5 (14.9)°
605.7 (116.4)""
(251.8-959.5)
368.1 (44.0)°°
(264.4-513.9)
4.8 (1.04)%¢
(1.89-6.64)
66.6 (5.8)
(53.4-79.5)

t4

1.7 (0.3)'
107.2 (12.5)%¢
74.8 (29.6)%%
(27.7-141.8)
161.7 (23.8)'
(105.7-217.7)

1.42 (0.30)’

(0.73-2.11)

43.8 (4.3)"
(34.1-53.5)
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https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click on image to zoom&p=PMC3&id=5784997_pone.0191915.g004.jpg
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Fig. 1. Cell-free plasma DNA concentration in
17 study participants measured sequentially
at rest (t0) and after low- (t1), high- (t2), very
high- (t3), and lowvolume (t4) resistance
training.

# Significant difference with baseline (10)

P significant difference with t1.

“ Significant difference between {3 and t2.
a Significant difference between t4 and t3.

# Significant difference with t4,

Fatouros et al. 2006
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Emelkedé és lejton futassal okozott tuledzés
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FIGURE 1 | Percantage alterations (%) in rotarod test (A), incremental losd test (B), exhaustive tast (C), and grip force test (D) from wesk 0 1o week 4, and from
woek 4 1o week B, Dala are expressed as the mean + SE ol n = 10 mice. CT, sedentary mice; TH, rained mice; OTH/down, overtrained by downhill onning; OTH
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Pinto et al. 2017
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FIGURE 6 | Schematic model summarizing the relationships between
endoplasmic reticulum (ER) stress, apoptosis, and excessive training in the
liver and heart of C57BL/6 mice.
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Test Time Line
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Man. & Tues. - Maximal strength testing on Tru-Squat maching
Knee extension strength testing on Ariel machine
\_ Wed. & Thurs. - Muscle biopsies

MNormal Training

Man. - 2 % 5 warm-up with light weights
3 x 5 AM (the most that can be lifted 5 times)
Thurs. - 2 x 10 warm-up with light weights
\_ 3% 10 BRM (the most that can be lited 10 times)

rMainmnanm Training (Control Subjects)
Man, - 125-32kyg
1%x5-40% 1 AM
(40% of the most that can be lifted 1 time)
dx5-50%1RM
\_ Thurs. - Maximal strength test on Tru-Squat machine

VAN

High Intensity Training  (Experimental Subjects)
Every Day - 1x5-32kg
1x5-40% 1AM
1x3-60% 1AM
1x1-80% 1AM
\_ 10x%1-100% 1 RM

.

Fig. 3. One-repetition maximum (1 RM) strength responses due to 2 wk of
high-intensity resistance exercise overtraining. Values are means + SE.
*Significantly different from pretest, P < 0.05.

1601
I Pre-test
1400 1 C Post-iest I I
12(H} 4 I l
1000 -
P *
= 800
=
(11
eI
201 4
1]
40%  T0%  100% 40%  T0% 100%
Owvertrained Control

Fig. 4. Mean power responses at different relative intensities (%1 RM) due to
2 wk of high-intensity resistance exercise overtraining. Values are means *+
SE. *Significantly different from pretest, P << 0.05.
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Fig. 6. Nocturnal urinary epinephrine responses indicated basal sympathe
activity. Values are means = SE. Responses to 2 wk of high-intens
resistance exercise overtraining did not significantly change (P = 0.03), but 1
effect size (ES) for the OT group was moderate (Cohen’s D = 0.42).
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Fig. 7. Ratio of nocturnal urinary epinephrine (Epi) to B:-AR densities
indicates receptor sensitivity. Values are means = SE. Responses to 2 wk of
high-intensity resistance exercise overtraining did not significantly change
(P = 0.05), although effect size for the OT group was extremely large

(Cohen’s D = 1.16).



Magas intenzitasu er6edzés okozta tuledzés
eredményeként csokkent a max. erd és teljesitmény.
A szimpatikus hatas nétt, ellenben a B2-A receptorok

mennyisége és érzékenysége is csokkent, ami
részben magyarazhatja a teljesitmény csokkenést, ami
valdszinlileg sejten beliill a MAPK jelzo rendszeren

keresztiil valdsult meg.

Fry et al. 2006



Hormonal aspects of overtraining @e-s
syndrome: a systematic review

Flavio A. Cadegiani and Claudio E. Kater”

Abstract

Background: Overtraining syndrome (OTS), functional (FOR) and non-functional overreaching (NFOR) are conditions
diagnosed in athletes with decreased performance and fatigue, triggered by metabolic, immune, hormonal and other
dysfunctions and resulted from an imbalance between training stress and proper recovery. Despite previous descriptions,
there is a lack of a review that discloses all hormonal findings in OTS/FOR/NFOR. The aim of this systematic review is to
evaluate whether and which roles hormones play in OTS/FOR/NFOR.

Methods: A systernatic search up to June 15" 2017 was performed in the PUBMED, MEDLINE and Cochrane databases
following PRISMA protocol, with the expressions: (T)overtraining, (2)overreaching, (3)overtrained, (4)overreached,
or (S)underperformance, and (plus) (a)hormone, (b)hormonal, (c)endocrine, (d)adrenal, (e)cortisol, ()GH, (g)ACTH,
(h)testosterone, ()IGF-1, (j)TSH, (k)T4, (I)T3, (m)LH, (n)FSH, (o)prolactin, (p) IGFBP-3 and related articles,

Results: A total of 38 studies were selected. Basal levels of hormones were mostly normal in athletes with OTS/
FOR/NFOR compared with healthy athletes. Distinctly, stimulation tests, mainly performed in maximal exercise
conditions, showed blunted GH and ACTH responses in OTS/FOR/NFOR athletes, whereas cortisol and plasma
catecholamines showed conflicting findings and the other hormones responded normally.

Conclusion: Basal hormone levels are not good predictor but blunted ACTH and GH responses to stimulation tests may
be good predictors of OTS/FOR/NFOR.

Keywords: Overtraining, Overreaching, Adrenal, Cortisol, Hormone, Sports endocrinology



Defenseless and Damaged
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Neurochem Int. 2005 Jun;46(8).635-40. Epub 2005 Apr 9.

The effects of moderate-, strenuous- and over-training on oxidative stress markers, DNA repair,
and memory, in rat brain.

Ogonovszky H', Berkes |, Kumagai S, Kaneko T, Tahara S, Goto S, Radak Z.

i+ Author information

Abstract

We have tested the hypothesis that training with moderate- (MT), strenuous- (ST), or over- (OT) load can cause alterations in memory, lipid
peroxidation, protein oxidation, DNA damage, activity of 8-0xoG-DNA glycosylase (OGG1) and brain-derived neurotrophic factor (BDNF), in
rat brain. Rat memory was assessed by a passive avoidance test and the ST and OT group demonstrated improved memory. The content of
BDNF was increased only in the OT group. The oxidative damage of lipids and DNA, as measured by thiobarbituric acid reactive substances
(TBARS), and 8-hydroxydeoxyguanosine (8-OHdG), did not change significantly with exercise. Similarly, the activity of DNA repair enzyme,
8-oxoguanine DNA glycosylase (OGG1), was not altered with exercise training. On the other hand, the content of reactive carbonyl
derivatives (RCDs) decreased in all groups and the decrease reached significance levels in the ST and OT groups. The activity of the
proteasome complex increased in the brain of OT. The findings of this study imply that over-training does not induce oxidative stress in the
brain and does not cause loss of memory. The improved memory was associated with enhanced BDNF content.
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Can J Appl Physiol. 2005 Apr;30(2):186-95.

The effects of moderate, strenuous, and overtraining on oxidative stress markers and DNA repair
in rat liver.

Ogonovszky H', Sasvari M, Dosek A, Berkes |, Kaneko T, Tahara S, Nakamoto H, Goto S, Radak Z.

= Author information

1 Institute of Sport Science, Faculty of Physical Education and Sport Science, Semmelweis Univ., 1123 Budapest, Alkotas u. 44, Hungary.

Abstract

Physical exercise above a certain load has been suggested as being a cause of oxidative stress. We have tested whether training with
moderate (MT), strenuous (ST), or over (OT) load can cause alterations in the activities of antioxidant enzymes, lipid peroxidation, protein
oxidation, DNA damage, or activity of 8-0xoG-DNA glycosylase (OGG1) in rat liver. The levels of corticosterone decreased in all exercising
groups but the differences were not significant. Adrenocorticotrophin hormone (ACTH) levels decreased, not significantly, in MT and OT
compared to C. Activity levels of antioxidant enzymes did not change significantly in the liver. The levels of reactive carbonyl derivative (RCD)
content decreased in the liver of exercising animals, and the differences reached significance between control and moderately trained
groups. The changes in the levels of lipid peroxidation (LIPOX) were not significant, but were lower in the exercised groups. The
8-hydroxydeoxyguanosine (8-OHdG) levels increased in the OT group, and the activity of OGG1 measured from crude cell extracts tended to
increase in MT and ST. The findings of this study imply that overtraining induces oxidative damage to nuclear DNA, but not to liver lipids and
proteins.
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Tuledzés és szabadgyokok
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Nagy nagy Terhelés

GH

Alvas

-id6tartam

-alacsony hulldmu id6szak (GH)
-mozgasok szama

-ébredések szama

Alvas minGség



Megel6zés

Folyamatos energia, fehérje és folyadék bevitellel el kell keriilni a negativ
energia egyensulyt és dehidrataciot.

12 hetes kemény edzés utan azok, akiknek a teljesitménye tobb mint 8%-kal
csokkent, szinte kivétel nélkiil negativ energia egyensulyban voltak az edzés
periodus alatt, mig azok akiknek a teljesitménye tobb mint 8%-kal n6tt, csak
idolegesen max. 2 hétig voltak negativ energia egyensulyban (Vanheest et al.
2014).

Alacsony energia egyensuly serkenti a gyulladasos citokinek termel6dését, ami
az egyik oka lehet a tuledzésnek.

Dokumentaltan kedvez6 hatdsa van az alacsony szénhidrat (glikogén) szinttel
végzett edzésnek (Bartlett et al 2013, Van Proeyen et al. 2011), de ez tuledzést
okozhat a negativ energia egyensuly miatt.



Gluconeogenesis

Bevitel
Glukagon

Tejsav glycin glutamin




A tuledzés regeneracidja

Tuledzés okanak a megfejtése, ha lehet kijavitasa
Az edzés jellegének sarkalatos megvaltoztatasa
Kornyezetvaltozas

Taplalkozasi intervencio

Masszazs, flirdo, regeneracios intervenciok

ElIményterapia



