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Ergospirometry Lab

Aev vmapyel oUVYKOOUOT) CUUPEPOVTWYV



KapSloavamveuotikn) tkavotnta AoKnong

... Elva plo e€eTtaon peoa atrod TNV OTolot CUAAEYOULE TTAT|POPOPLES

yla T Aettovpyla

KOTA TNV npepia, HEylotn Tpoomadela Kol amobepateio KATA TNV AOKNOM
..... LE T OTOLYElr TTOU TOAPEXEL XPNOLUEVEL ooav 00MNYOG Yl TN OUVTAYOYpPA&@Nnom
TPOYPAUUATWY TIPOTIOVNONG / AOKNONG

Herdy et al., 2016



[Tapapetpor eAEyxov

o Avtoxn omv doknom kat avagpofLa tkavotnta
Wmax 1M02max AT A102/AWR

o Extipnomn andékplong avamveusTikoO GUOTIHATOS
VEmax/MVV

BR (Breathing Reserve) MVV - VEmax

VT/VC VT/IC BF (breathing frequency)

o Extiunon avtoaAiayng agpiwv

VE/VCO2 VE/VO2

PETCO2 PETOZ2

Sp02 A Sp02

o Extipnomn andkpiong kapdioyyeloako) cUGTHATOG
HRmax HRR (Heart Rate Reserve)

VO2/HR (02pulse) BP ECG

Wasserman et al., 2004



Exercise

Summary Pred Resting AT Max
Manual Watts
Time averaging 20 Seconds
02 uptake/kg ml/min/kg 27.5 4.3 48.2 60.8
02 uptake mi/min 1731 269 3040 3832
CO2 production mi/min 233 2812 4389
Load w 118 0 252 316
Summary Pred AT ATSpred
Manual
Time averaging 20 Seconds
V'O2/V'O2max Yo 79
V'O2/V'O2pred % 176
Cardiac
Summary Pred Resting AT Max
Manual Watts
Time averaging 20 Seconds
Heart rate 1/min 180 67 175 186
Heart rate reserve 1/min 113 5 -
02 pulse ml 9.4 4.0 17.4 20.6
Blood press.-sys mmHg 110 140 140
Blood press.-dia mmHg 70 80 80
Respiratory
Summary Pred Resting AT Max
Manual Watts
Time averaging 20 Seconds
Ventilation L/min 90 9 60 108
Tidal volume-ex L 0.886 2.599 2.825
Tidal volume-in L 0.917 2.653 2.857
Breathing freq 1/min 42 10 23 38
Breathing reserve Yo 28 92 45 1
PETCO2 mmHg 37.95 51.75 44.69
PETO2 mmHg 104.51 91.36 106.95
Breath. equiv. CO2 32.2 20.5 23.7
VO2 slope ml/min/Watt 0.00 10.99 11.27

Max 1
tpred

221
221

268

Max 1
tpred

103

219

Max 1
fpred

121
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Méyiotn mpooAnym 02

..OVTAVOKAQ TNV OVATIVEVOTIKY], KapSLoyyelok), =1/m1in
HLIKN Kol HETUBOALKT IKOVOTNTA TOU 0PYAVIOLOU soood | | I8 »
va  TIPOCAAUPAvEL, VO UETOPEPEL KOl v

KATOVAAWVEL 0EUYOVO KOl €lval 11 CUVICTAUEVT

TOAAQTAWYV  BLOAOYIKWV  SLEPYACLWOV  EVW S o8
Vo2 =
EKEPALEL TA AVWTEPA OPLX TNG TIPOCAPUOYNG of predicted - - q
o/l & !
TOUG KATA TNV £VTOVT HUIKN TtpooTafeia Kal yla Pﬁ’ ’!‘c%
TO A0yo aUTO elval SelKING AELTOVPYLKNG N g
TIPOCAPUOCTIKOTITOG ' Tima min

KAeloovpag, 2011



> 1 IKAVOTNTA  AOKNoMnG  €lval  yvwoTog
TPOYVWOTIKOG TOPAYOVTOAC VOONPOTNTAG  Kal
OVNOLUOTNTAC O€ TALOLA KOl EVIIALKEG

» 40 eBoopadeg mepiodog KUNONG

» < 37 eBdouddeg mpowpa

o 32-37 eBoopadeg (LETPLA EWG OPLUA TTPOWPQ)
o 28-32 efdopdadeg (ToAV mpowpa)

o < 28 efdouddeg kimong (eSALPETIKA TTPOWPA)

Martin Arthur Couney

Duke etal., 2020; WHO, 2018
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[IpocappoyEg Aoknong 2©) .
 Neural activity?
Blood flow?

Blood flow? Metabolism?
I Thermoregulation Changes at the receptor level?

tSweating capacity

Blood flow?

Metabolism?
Browning of the =
white fat?

" ﬁ t /< Blood flow and gas exchange reserve
P =i t /== Volumes

I Capillary surface area?

1
fiy
.

tt Cavity size
t (11) Wall thicknesses
—/| Blood flow and oxygen consumption
Blood flow distribution?
Oxygen extraction?

Liver, pancreas, gut &
Kidneys:
Blood flow? > y

Metabolism?
tt Blood volume

tt Red blood cells
/| Hemoglobin
! Levels of circulating energy substrates

Blood flow?
Metabolism?

tt Arterial diameters
« Dilatation capacity
1t Capillary density

| Resting and exercising
blood flow, 1t max. blood flow
11 Oxygen extraction
tt Mitochondria

Heinonen et al,, 2014



AVoTvola

— /4 ’
Komwon MepLpepelards kKdpatog

|

. EEdvtAnon VATIVEVO TIKWV

EPESPELOV 1)/KlL

Alatapoyn avTaAAaynG agpiwv

Vogiatzis et al., 2012
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Ta&vopnomn AettovpyiKig KATAGTAOTG R

Female

80 ml/min/kg ABAntég 42 -

60 ml/min/kg Apatn Quatkn Katdotaon 29 -

Qualoloywka 40 ml/min/kg Ko Quotkn Katdotaon

Opla

Male

Anoucia Quatkng Katdoetaang

Relative VOgpeq (ML'min kg ")

20 ml/min/kg Mukpou mpog Métplou Babpiou Avemdpkela

< 16 ml/min/kg Métptou mpoc ZoPapol Babpou Avemdpkela
Kapdiomveupovikn

Nocog 10 ml/min/kg JoBapou Babpou Averdpkela
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Ergospirometry Lab

Mean Difference Mean Difference

Study or Subgroup IV, Random, 95% CI Study or Subgroup IV, Random, 95% CI
Caskey et al. (2016) [25] : Caskey et al. (2016) [25] .
Crispi, et al. (2021) [35] B Goss et al. (2018) [43]
ﬁ“sﬁ:‘;'i t_(zmtml E‘:gﬁ}gﬂ} - ' Haraldsdottir, et al. (2020) [13] -
aralgsdottir, et al. B . =
Haraldsdottir et al (2019) [54] - Lovering et al. (2013) [49]
Huckstep, et al. (2021) [36] _ VI’!”EHUL et al. (2006) [23] -
Lovering et al. (2013) [49)] - Vrijlandt, et al. (2018) [50] =~ |
McKay et al. (2021) [37] —
O'Dea et al. (2020) [24] — B
Vrijlandt, et al. (2006) [28] — w1 i l l i
Vrijlandt, et al. (2018) [50] —— -20 -10 0 10 20
Lower for Preterm Lower for Control
2
-20 10 0 10 20

Lower for Preterm Lower for Control

o Metd TV a@aipeon TWV APXIKWV LEAETWYV TIOV OEV AVEPEPAV
emimeda ZA oTIG OPAdEG HEAETNG, 6 aTo TIG 11 peAéteg
e€akoAovBoVoav va £XOUV LA UT) CNUAVTLKT) SLa@opd.

o QoT1000, 1 CLVOALKY) emidpaom Kal TwV 11 HEAETWV ATTOKAAVTITEL
OTL Ol EVIIALKEG TIOU YEVVIONKOV TIPOWPA ELXOV ONUAVTIKA
xaunAdtepn VO2max.

Gostelow and Stohr etal., 2022



> LELWUEVT] agpofla KAOVOTNTA O€ €VNALKEG TIOU YevvnOnkav mpowpa Oa
umopovoe va ouvdeBel pe xaunAotepn mpooAndn 02 oto emimedo TwV LOTWV

> 1 UTOYXOVOPLOKN TLKVOTNTA Kol Asttovpyla pumopel va Stadpapatiocel poOAo
KATA TN SLAPKELX TN G AOKNONG

» 1 e€aoBevnuévn avamtuén TS KUYPEALSIKNG Kol EYKEPAAIKNG AEVKNG OVGLOG O€
Bpégn mov yevvnOnkoav Tpowpa TOavov va cuvdEETalL

» e ptoxovdplakt SucAsltovpyia kot avEnuevn pitoyxovoplakn katavdAwon 02

Tens, 2017; Kumari et al., 2021



VO2rnax (mikg/min)

Table 1

Table 3
i o el . i k . i . : : rgospirometry Lab
Anthropometric variables in term and preterm-born adolescents and young The relationship between cardiovascular variables and maximal aerobic ca- FEoene -
adults. pacity among adolescent and adults previously born term and preterm.®
' Variabl Esti t Standard
Variable Term (n = 40) Preterm (n = 32) p anabie sHmate er:::[ - P
Sex (male)® 18, 45% 12, 38% 0.69 LV end-diastolic volume index (ml/m?>)" 0.50 0.10 <0.001
Age group [ﬂdult]-'- 20, 50% 12, 38% 0.41 LV stroke volume index (ml/m?) 0.52 0.14 < 0.001
L] L) -
b , , RV end-diastolic volume index (ml/m?) 0.36 0.08 < 0.001
ﬁg? (years}b 19.7 + 6.5 18.2 + 6.9 0.37 LV mass index (g/m?%) 0.46 0.14 0.0014
Height (m) 1.68 + 0.09 1.64 = 0.08 0.01 LV longitudinal global strain (%) 0.99 0.48 0.043
Weight l:kg]b 60.9 + 16 594 + 16 0.40 Mean pulmonary artery pressure -0.87 0.52 0.12
Body surface area (m)" 1.68 =+ 0.22 1.62 = 0.2] 0.26 (mm He)
d ind k 2. b , , Mean arterial pressure (mm Hg) —~0.31 0.20 0.12
Bo y mass ndex ( Efl‘ﬂ ) 21.2 £ 5.2 21.8 £ 5.2 0.61 RV circumferential global strain (%) -0.37 0.52 0.49
) ) 1 o ) ) . LV circumferential global strain (%) -0.28 0.49 0.57
Data are presented as n, % or mean + SD as appropriate. RV ejection fraction (%) 0.03 0.26 0.91

a r ) ) . . )
CGHIP{U isons between groups using Chi square tests. % Estimates and standard errors for each cardiovascular variable from linear

b . ) ) ; ;
Comparisons between groups using lﬂLleP endent t-tests. models to predict maximal aerobic capacity, including age and sex as covariates,
listed in ascending order of statistical significance level.

- ® Ventricular volumes and stroke volumes indexed by body surface area.
::"' . LV = left ventricle; RV = right ventricle.
T
: £ > oL YeEVNOEVTEG amd PETPLA £WG EEALPETIKA TTPOWPN €XOUVV XAUNAOTEPQH ETITESH
' CRF emaydpeva yaunAdtepns LVEDVi, RVEDVi ko LVMi
> Tapd TNV avdAoyn ZA peTtalV Twv opddwv Kataypd@Onke xaunAotepn CRF
» mBavov va odnynoetl avinuévo kivéuvo yla kapdiakn SvuoAsttovpyia kal xpOvieS
TaON oL pakpoTpoBeoua

Type

McKay et al., 2021



Table 2. CPET parameters (term, early preterm, late preterm).

Ergospirometry Lab

GA = 34-36.6 Weeks GA < 30 Weeks
(Late Preterm) (Early Preterm) Healthy Control Born at Term N
=21 n=38 n=25 p-Value
1 2 3
2_
PeakVO, Absolute (mL/min) 1206 + 248 1146 + 348 1380 + 260 ;’g ;[;][?124
2 _ .
PeakVO, Specific (mL/kg/min) 37.6 + 68 364+ 114 452 +74 i; Rye:
PeakVO; (%Pred) 90.2 + 15.1 90.08 + 23.19 112.4 +16.9 p %3 < 0.001
Peak HR (bpm) 1934 +7 190.08 + 10.65 1918 £9.8 p =046
Peak HR (%pred) 96.1 £3.9 944 +5.39 95.0 £5.0 p =044
VE/VCO, Slope 344 + 56 35.91 + 6.36 344 +43 p =052
Peak O, pulse (%opred) 941+ 154 95.5 + 23.01 118.8 + 19.1 p %3 < 0.001
. 2 -0.031 7 7
Peak O pulse (VO,/HR) 62+11 6.0+1.71 72+14 Sg = 0.008 > n X(xun}\orgpn lK(XVOTT]T(X
Sat. O, Pre 987 +1.05 99.03 + 0.91 99.1 £ 1.0 p = 0.40 doknong (av KoL evtog
o 0 / a _ ’ ’ I4
Peak VE (L/min 488 £ 124 424 +£11.78 475+ 9.3 1 =0.076 ’
(L/min) * va o@eideTan o€:
BR (L) 204 4+11.0 19.77 £+ 13.38 20.6 =120 p =097 ’ ,
BR (%) 28.7 £13.5 30.18 £ 17.61 293 +129 p=094 O HE Lw usvn ow uaT LKrI
14
Breathing limitation 6 pO(O'TT] p lOTT] T
Low 9 (43%) 11 (29%) 3 (12%) - . ,
Normal 12 (57%) 27 (71%) 21 (88%) p=002 O XOCWV\T] AVUTIVEVOTIKT
*p?=1vs. 3;p3=2vs. 3. GA—Cestational Age; W—weeks; BPD—bronchopulmonary dysplasia; PeakVO,— S(p £6p£i(x

oxygen uptake at the peak of exercise; HR—heart rate; VE—minute ventilation; VCO,—carbon dioxide production;

Sat—Saturation; BR—breathing reserve. O XO(|.U]7\(') U.UlKé IJ.ET(XBOALO-H(’)
o aAAOLWUEVT doun Kol
AclTovpyla TG KApOLAG

Hochwald et al., 2022



Table 1. Demographic, anthropometric and lung function data (term, early preterm, late preterm).

GA = 34-36.6 Weeks
(Late Preterm)

GA < 30 Weeks

(Early Preterm)

Healthy Control Born at Term

Ergospirometry Lab

n =21 0 =38 n=25 p-Value *
1 2 3
2 <0.001
Age (years) 9.94 + 0.87 9.63 £ 1.20 8.84 + 0.93 :J’ 3 0,014
Male (%) 12 (57%) 19 (50%) 13 (52%) p=087
Gestational Age (weeks) 34.9 +1.05 2844 £ 1.5 39.5+ 14 p 123 <0.0001
Birth Weight (gr) 2373 + 473 1105 + 280 3315 + 469 p 123 < 0.0001
Oxygen Supplementation 6 g 13
(days) median 25-75 0[0-1] 38 [8.5-67.50] 0 [0-0] p 13 <0.001
Ventilation (days) . " ;13
median (25-75 quartile) 0 [0-0] 6 [3-30] 0 [0-0] p 13 <0.001
Height (cm) 1374477 134.6 4+ 9.7 1333+ 6.5 p=025
Weight (kg) 32.6 + 6.4 3324129 30.9+7.6 p=0.66
BMI 171+£22 17.9 £ 4.5 17.2+£28 p=0.62
BMI percentiles 49.5 £ 29.3 53.7 £ 32.7 55.5 & 31.5 p =081
BMI z score 0.12 0.11 0.28 075
median (25-75) [(—0.84)-(0.73)] [(—0.81)-(0.93)] [(—0.55)-(1.09)] p=0s
FEV1 (L/s) 1.73 +£0.38 1.57 +0.38 1.65 +0.32 p=028
FEV1 (% predicted) 87.5+ 169 829 + 14.6 91.04 £ 11.7 p=0.09
FVC (L) 202+ 04 1.87 £ 0.42 1.89 £ 0.37 p=0.17
FVC (% predicted) 94.09 £13.6 88.9 + 13.04 95.5+ 11.6 p=0.11

p 1-1vs. 2 p 2-1vs. 3; p 3 =2 vs. 3. GA—Gestational Age; W—weeks; BPD—bronchopulmonary dysplasia;
BMI = body mass index; FEV1 = Forced expiratory volume in one second.

Hochwald et al., 2022



Aerobic fitness. metabolic and heart rate variables

Ergospirometry Lab

Normoxia (FfO, = 0.21) Hypoxia (F10», = 0.12)

Control Preterm Control
(n=16) (n=12) p-value Cohen’sd (n=16) Preterm (n=8) p-value Cohen’sd
— » 2 xCPET (FIO2: 0.21 vs.0.12
VO e (L/min) * 346 0.62 243070 <0.001 1.63 2.58£0.50 1.79 = 0.70 0.002 1.79 ( )
min) * 4579871 3488926 0003 2.15 3447752  2649:1052 0029 125 » 8 min vmoikov O(SpiOU PO
*
Py (Watts) 231+ 40 175 + 45 0.002 142 186 = 28 154+ 39 0.020 1.53 2nd CPET
. *

Tinax (minutes) 13.48=4.16 9.79 =336 0.021 0.99 906175 6.98 =245 0.016 0.94
HR ey (bpm) 70+ 11 80 = 16 0.115 0.74 97+ 12 113+ 11 0.008 1.39
HR sy (bpm) 182 =12 182=8 0.953 0.10 179 = 10 180 =6 0.851 0.15
HRR i (bpm) 31+ 10 20+ 4 0.001 2.55 26=8 19+5 0.039 1.47
HRR g (bpm) 54+ 11 41+ 7 0.001 1.88 49+ 13 39+7 0.028 1.47
VTyoz (mlkg/
min)* 37.86 = 5.82 28.50 = 6.60 <0.001 0.274 2823 = 6.51 21.88+9.11 0.043 0.081

Data are expressed as mean + standard deviation (SD). Varniables defined: VO 2115y, maximal aerobie capacity expressed absolutely (L/min) and Physical Characteristics

relative to body weight (ml/kg/mm); Pyyyax. maxumal wattage attamed for more than one half of final stage of incremental maximal exercise test;

Timax. time to exhaustion during maximal exercise test; HRyy3x, maximal HR attained during maximal exercise testing; HRR |75y HRR at one Control (n=16) Preterm (n=12) p-value Cohen’sd
minute of resting recovery; HRR2mip. HRR at two minutes of resting recovery; VI (02 (ml/kg/min), oxygen consumption per kg of body weight Sex (. % female) 6.38% 6. 50% 0.379
at ventilatory threshold.
Age (years) 256=07 269=1.1 <0.001 1.86
'tSex-adjusted estimates. Height (cm) 176.1+8.6 171.1+x98 0.109 0.50
Weight (kg) 77.6 =149 70.0=133 0.123 0.57
BMI (kg:"nlz) 249=30 238x33 0.340 0.32
Gestational age (weeks) 39506 28527 <0.001 20.6
G-PAQ (MET-min/week) 3515 £2707 3282+ 1953 0.875 0.10

Haraldsdottir et al., 2019
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HRR min VOjrmax (mifkg/min) Prmax B Contrd
=0 p=0.02 3 100+ Preterm
P s“ p=0.002 p=0.006
60 : | 300 |
E £ T
40 2004
i . fz T OO T
204 100+
T - 0 - . 0 T T
Female Male Female Male Female Male
Figure 4:

Sex effects on HRR. VOyp.v and P«

A. HRR i, (bpm: absolute drop in HR from max after 1 minute of recovery) sex-birth
status interaction, p=0.91: B. VO,;,4¢ sex-birth status interaction, p=0.06; C. Py, sex-birth
status interaction, p=0.21. Data are expressed as mean + SD. HRR i, heart rate recovery
after one minute of recovery: VO, maximal aerobic capacity (ml/’kg/min); Py«
maximal power attained during maximal exercise test.

» SuoAelTovpyla TOL KVTOVOLOU

OVOTILOTOG IOV AVTAVAKAKTOL OTTO

o apyo HRR petd amo peyiom
dokmnon

» QUENUEVA TTIOCOOTA KAPSLAYYELKWV

TaBnoewv Kat Ovnouotntac.

g

Heart Rate Recovery (difference from max)

_g Ergospirometry Lab
[ = L ; p
£ . § -
[ 2 : ;
B B 8 B
B 5 g -20 3
g3 5 $ :
* — ® Hypoxia
} i * E‘ ? A Normoxia
* = i
*® o q
i i Fxa = i
i (14
} 2
©
i
1 =
]
L i}
T -60
10 20 30 40 50 60 70 80 90 100 110 120 0 20 30 40 5¢ ) 70 80 90 100 110 12
Seconds of Recovery Seconds of Recovery
Figure 3:

Heart rate recovery response between normoxia and hypoxia in control and preterm subjects
A. HRR (bpm: absolute drop in HR from max) in normoxia (triangles) and hypoxia (circles)
in control subjects. B. HRR in normoxia (triangles) and hypoxia (circles) in preterm
subjects. Data are expressed as mean £ SEM. *p<0.05 adjusted for pairwise comparison
between hypoxia and normoxia conditions at each time point.

Haraldsdottir et al., 2019



v'Norwegian national cohort: av&nuévo kivéuvo kapSlopeta oAk vocou

v o1& yevviovvtal Tpowpa, 1 AoKNoN UTOPEL va £XeL XUUNAOTEPO OPEAOG OF
OXEOT UE TEAELOUN VA TTXLSLA

o e€atoikevon dAoknoNg
O SLPOPOTIOINOT EVTAOTG KXL OYKOU AOKNOTG

v 0L yovelg okwv TWV npooopwv Bpscpu)v ST T[pST[Sl v av@appuvouv To TTaLdLA
TOUG VO CUUUETEXOVV OE€ TAKTLKI) (PUOLKT) SpaoTNPLOTNTA Kol afAnpata

v'Danish National Birth Cohort: §gv vtapyel emiSpaon TG doknong ylo TPOwPo
TOKETO

Engan, 2022; Gostelow and Stohr et al., 2022; Hochwald et al., 2022



Wilma Glodean Rudolph Wayde van Niekerk

B: 1940 D: 1994 (Brain tumor) B: 1992 D: -

= ~2 kg = 29 ¢f36. ~1 kg

" TTVEVHOVIX " LETAYYLON A{pHaTOG

" 00TPUKLA * 0.A. Pio vte TCavélpo 2016

" TSIk mapdAvon AKA 1" ota 400m WR 43.03 (Michael
(TToAlopveALTION) Johnson - 1999)

* 0.A. MeABovpvn 1956 (3" ota
4x100m)

0.A. Péopm 1960 (1" 6ta 100m,
200m, 4x100m)

N'r;w WA 43.03
VAN NIEKERK W.

RSA = Men's 400m
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