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Blodtryck under arbete

e VVad ar normalt?



Europeiska och amerikanska riktlinjer

@ ESC  Ewropean Heart Journal (2018) 39, 3021-3104 ESC/ESH GUIDELINES 3040
2018 ESC/ESH Guidelines for the management 4.11 Blood pressure during exercise and
of arterial hypertension at high altitude

Williams et al. 2018. Eur Heart J;29:3021-3104.

“There is currently no consensus on normal BP
The Task Force for the management of arterial hypertension of the

. : ) response during exercise.”
European Society of Cardiology (ESC) and the European Society of
Hypertension (ESH)

AHA Scientific Statement Blood Pressure Abnormalities During Exercise

Exercise Standards for Testing and Training and Recovery, page 892

A Scientific Statement From the American Heart Association

Fletcher et al. Circulation 2013;128:873-934. “An exaggerated systolic blood pressure response to

exercise has been defined as a maximal value of 2210
mmHg for men and 2190 mmHg for women.”



Europeiska och amerikanska riktlinjer

@ESC oo vt 019 39,301 310 ESC/ESH GUIDELINES

European Soclety doi:10.1093/eurheartjlehy339
of Cardiology

2018 ESC/ESH Guidelines for the management
of arterial hypertension

Williams et al. 2018. Eur Heart J;29:3021-3104.

The Task Force for the management of arterial hypertension of the

European Society of Cardiology (ESC) and the European Society of
Hypertension (ESH)

3040

4.11 Blood pressure during exercise and
at high altitude

“It is important to recognize that BP increases during
dynamic and static exercise ...”

AHA Scientific Statement

Exercise Standards for Testing and Training
A Scientific Statement From the American Heart Association

Fletcher et al. Circulation 2013;128:873-934.

Arterial Blood Pressure Response, page 875

“Blood pressure is dependent on cardiac output and
peripheral vascular resistance.

Systolic blood pressure rises with increasing dynamic
work as a result of increasing cardiac output, ...”



CcoO

Tidiga invasiva studier

cardiac output

L/min
25
20
5
Qa3
maximal work=o =
submaximal =o e

oxygen uptake

1,2 3 . 4 , 5l/min

Astrand et al. | Appl Physiol.
1964; 19:268-74.

VO,

220, gp
SBP ™) |

190+

P, L
160 i

130' ‘ | |

1l

1 P :'T: = | a"/min Co
15

5

Bevegard & Danielsson. Scand
J Clin Lab Invest. 1977; 37:63-70.

Total periph. resistance

TPVR, units

204

15 5

10 -

R
N
<
0O

500 ' 1500

Bevegard & Danielsson. Scand
J Clin Lab Invest. 1977; 37:63-70.



Blodtryck under arbete

e Alltsa;

o Systoliskt BT under arbete ar relaterat till arbetsbelastning,
via hjartminutvolym

 Men, hansyn tas sallan till belastning
nar den systoliska BT-reaktionen beddoms

Pa vilket satt kan vi gora det?



METSs : estimerad belastning

MET = metabolic equivalent of task

1 MET = syreupptag i vila
1 MET = 3.5 mL syre per minut / kg kroppsvikt

10 METs = tio ganger syreupptaget i vila (=35 mL syre per minut / kg kroppsvikt)

ACSM’s Guidelines for Exercise Testing and Prescription. | Oth Edition ed.
Philadelphia: Wolters Kluwer Health; 2018.



Berakning av SBP/MET-slope

SBP/MET-slope =okning av systoliskt BT per okning av MET

SBP
mmHg
200 . SBP/MET-slope berakning:
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Blodtryck under arbete: SBP/MET-slope

AHA Scientific Statement

Exercise Standards for Testing and Training
A Scientific Statement From the American Heart Association “The average rise in systolic blood pressure during a

progressive exercise test is about |0 mm Hg/MET”

Arterial Blood Pressure Response, page 875

Fletcher et al. Circulation 2013;128:873-934.

Fain

f % AMERICAN COLLEGE
[ " | orsPonTs orcm,
o0 www.acim.org

Guidelines for Blood Pressure Response, page 206
Exercise Testing

and Prescipion ~~ American College of Sports Medicine. “The normal systolic blood pressure (SBP) response to
(. Guidelines for Exercise Testing and Prescription. exercise is to increase with increasing workloads at a
|0th ed. 2018.Wolters Kluwer Health. rate of ~10 mm Hg per | MET”

2018. Philadelphia, PA.




Blodtryck under arbete: SBP/MET-slope

CURRENT OPINION

Exercise Blood Pressure Guidelines: Time to Re-evaluate What is
Normal and Exaggerated?

. - . ] 2.3 - 5 -1 2
Katharine D. Currie' + John S. Floras>® + Andre La Gerche*® « Jack M. Goodman'

Currie et al. Sports Med. 2018;48:1763-1771.
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“The source of these values is from a study reported in a 1973 textbook,

where healthy males (unknown sample size and age) demonstrated a mean
and peak SBP increase of 7.5 and 12 mmHg/MET, respectively ...”

Naughton & Haider. Methods of Exercise Testing, chapter 6 in “Exercise Testing and Exercise Training in
Coronary Heart Disease”. Academic Press. 1973. New York, London.



Studiens tva syften

1. Att for forsta gangen studera normalspannet av SBP/MET-slope
| ett stort, kliniskt material

2. Att understka det prognostiska vardet av SBP/MET-slope
avseende dod, oavsett orsak (“all-cause mortality”)



Studiepopulation

(A) 9831 exercise tests
(years 1987-2007)

Not included:

- Female: n=353 (3.6%)
« Bicycle test: n=399 (4.1%)

9079 subjects

Missing/erroneous dates (n=510):

« Date of birth or test date (n=239)
« Date of death (n=271)

Missing hemodynamic data (n=248):

- Systolic blood pressure at rest and/or peak (n=193)

- Peak METs (n=55)

The Veterans Exercise Testing
Study

Ongoing, prospective evaluation of US-
Veterans referred for exercise testing.

Designed to address exercise test, clinical
and lifestyle factors and health outcomes.

U.S. Department
of Veterans Affairs




Studiepopulation

for statistical analysis

7542 subjects

7298 subjects (main sample)

I
6589 subjects
in higher risk
subgroup

709 subjects
in lower risk
subgroup

244 subjects
SBP drop or no increase
in SBP with exercise

7298 man med gangmatteprov inkluderade



Studiepopulation

for statistical analysis

7542 subjects

7298 subjects (main sample)

I
6589 subjects
in higher risk
subgroup

709 subjects
in lower risk
subgroup

244 subjects
SBP drop or no increase
in SBP with exercise

Lagriskgrupp

e Overlevde 10 ar

e 275% age-predicted METs
* Icke-rokare

e Utan foljande diagnoser:

Hypertension

Diabetes mellitus
Formaksflimmer

CAD, stroke, claudicatio
Typisk eller instabil angina

KOL

* Inga kardiella- eller blodtrycksmediciner



Studiens tidslinje och uppféljning

Prov pa gangmatta, 1987-2007

e
1987 1997 2007 2017

Medianvarde (IQR) uppfoljning var 18.6 (16.7) ar (135,283 person-ar)
3499 dodsfall (52% av 7298 individer)



Arbetsprov pa gangmatta

Individuellt rampprotokoll (mal: 8-12 minuter)

e Utan stod av handracken

e Standard-brytkriterier
(ex. >2 mm nedadtsluttande ST-sdnkning, medelsvdr angina, BT-fall SBP, allvarlig arytmi)

e Hjartfrekvens anvandes inte som brytkriterium



Arbetsprov pa gangmatta

Blodtryck mattes upprepat under testet
e Auskultatoriskt

e For denna studie anvandes;
e BT staende,i vila
e Systoliskt BT vid hogsta belastning



Resultat: Karaktaristika

Hela gruppen Lagris kgrupp
(n=7298) (n=709)

Alder (3r) 58.6+11.0 53.4+2.2

Lingd (cm) 176.3+7.9 176.7+7.9

BMI (kg/m?) 28.545. 27.6+4.5

BSA (m?) 2.050.20 2.030.19
Overlevnadsanalys SBP/MET-slope

normalvarden



Resultat: Riskfaktorer

Hela gruppen Lagriskgrupp
(n=7298) (n=709)

Rokning, n (%) 3636 (49.8) 0
Hypertension dx, n (%) 4291 (58.8) 0
Diabetes mellitus dx, n (%) 1023 (14.0) 0
Hypercholesterolemi, n (%)* 2803 (38.4) 211 (29.8)
Familjeanamnes CAD, n (%) 1716 (23.5) 156 (22.0)

*) Totalt cholesterol >220 mg/dL, statinanvandning, eller bada
CAD, coronary artery disease (kranskarlssjukdom)



Resultat: komorbiditet

Hela gruppen Lagris kgrupp
(n=7298) (n=709)

CAD, n (%)* 1643 (22.5) 0
Stroke, n (%) 204 (2.8) 0
Claudicatio, n (%) 273 (3.7) 0
Formaksflimmer, n (%) 110 (1.5) 0
KOL, n (%) 329 (4.5) 0

*) tidigare hjartinfarkt, kardiell intervention och/eller kranskarlsstenos >50%
vid imaging
CAD, coronary artery disease (kranskarlssjukdom)



Resultat: SBP/MET-slope

Syfte |:Studera normalspannet av SBP/MET-slope i ett stort, kliniskt material
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Resultat: SBP/MET-slope

Syfte Il: Att undersoka det prognostiska vardet av SBP/MET-slope avseende “all-cause mortality”

Utfall: “20 years all-cause mortality”

Ojusterat: Kaplan-Meier grafer med Log-rank test

Justerat: Cox regression, ‘proportional hazards’-modeller
Model | Model |1

Alder, testar Alder, testar

+ BMI, rokning,
Kardiella riskfaktorer,
komorbiditeter och medicinering



Syfte Il: Att undersoka det prognostiska vardet av SBP/MET-slope avseende “all-cause mortality

Peak systolic blood pressure (mmHg)

1.00
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Cumulative Survival
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0.25

0.00

Resultat: Systoliskt BT i slutet av arbete

Overall p<0.0001 (log-rank)

P
L |
-

/

p=0.0017
(Q1 vs. Q2)

Quartiles peak SBP

Q1:100-160 mmHg Q3:181-200 mmHg

Hogre systoliskt BT i slutet av arbetet

—> lagre mortalitet over 20 ar

Q2: 161-180 mmHg Q4:>200 mmHg
0 5 10 15 20
1955 1700 1397 770 273
2124 1909 1561 903 357
1870 1710 1431 797 340
1349 1237 1042 672 306

Year, nu.mber at ri'sk

Quartile Hazard ratio (95% Cl)

<160 mmHg m 1.00 (referent)

>160, <180 mmHg —hw | 0.84 (0.76-0.92)

>180, <200 mmHg —he 0.79 (0.71-0.87)

>200 mmHg -—h— : 0.71 (0.63-0.79)
05 075 1.0 125 15

= lower risk vs. referent

9



Resultat: SBP/MET-slope

Syfte Il: Att undersoka det prognostiska vardet av SBP/MET-slope avseende “all-cause mortality”

SBP/MET-slope (mmHg/MET)

1.00 Overall p<0.0001 (log-rank) Hogl"e SBP/M ET‘SIOPe
- hogre mortalitet over 20 ar
.'_5 0.75
-
=]
wv
_g 0.50 Quartile Hazard ratio (95% Cl)
3 <4.3 mmHg/MET m 1.00 (referent)
= >4.3, 6.2 mmHg/MET - — 0.94 (0.84-1.05)
o >6.2, 9.0 mmHg/MET o @ 1.12(1.01-1.24)
0.25 >9.0 mmHg/MET V@ 1.23(1.12-1.36)
Quartiles SBP/MET-slope 05 075 1 '0 125 15
Q1: <4.3 mmHg/MET Q3:6.21-9.0 mmHg/MET 0= higher risk vs. referent
0.00{ — Q2:4.31-6.2 mmHg/MET — Q4: >9 mmHg/MET
0 5 10 15 20
1891 1728 1460 877 382
1769 1621 1393 814 373
1830 1647 1348 790 301
1808 1560 1230 661 220

Year, nu-mber at ri;sk



Resultat: SBP/MET-slope

Syfte Il: Att undersoka det prognostiska vardet av SBP/MET-slope avseende “all-cause mortality”

2 | o= Hazard ratio, B(exp)
19

18
1.7
16
15
14
13
12
11

95% confidence interval of B(exp)

0.9
0.8 1 1 1 1 1 1 1 1 1 1

<2.8 2.8-3.8 3.81-4.6 4.61-54 5.41-6.2 6.21-7.2 7.21-8.3 8.31-10 10.1-12.9 >12.9
0.7 (reference)

0.6 Deciles of SBP/MET-slope (mmHg/MET)




Konklusion

Syfte |:Studera normalspannet av SBP/MET-slope i ett stort, kliniskt material

|0 mmHg/MET representerar inte en genomsnittlig okning av
systoliskt BT under arbete (snarare den ovre 95:e percentilen).

Ej tidigare utvarderats i ett stort kliniskt material

Bor overvagas i framtida uppdateringar av relevant litteratur och
riktlinjer.



Konklusion

Syfte Il: Att undersoka det prognostiska vardet av SBP/MET-slope avseende “all-cause mortality”

Hogre systoliskt BT vid maxarbete var associerat med lagre risk for
dod oavsett orsak (“all-cause mortality™)

Detta skulle kunna forklaras med att systoliskt BT under arbete ar
relaterat till arbetsbelastning och hjartminutvolym;

e Hogre maxbelastning (“kondition”) ar starkt kopplat till overlevnad

e En oformaga att adekvat oka hjartminutvolymen under arbete kan indikera
underliggande hjartsjukdom, som demaskeras vid arbete



Konklusion

Syfte |l: Att undersoka det prognostiska vardet av SBP/MET-slope avseende “all-cause mortality”

Det saknas konsensus kring den normala
BT reaktionen under arbete

En parameter som tar hansyn till
arbetsbelastning skulle kunna vara en
kandidat att inkludera i svarsskrivning vid
arbetsprov.




Begransningar

e Endast man inkluderade

e Ett urval remitterade for arbetsprov
e Endast "all-cause mortality”

e Beraknad belastning (METs)

* Inga submaximala BT monster
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of updates

Preventive @ ESC
Cardiology European Society

Full research paper of Cardiology
European Journal of Preventive
Cardiclogy
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Supplementary material

e Supplements
e Artikel
e Lower/Higher MET/Slope groups

e Landmark analysis

e Peak METs, survival
e Slope vs Peak METs
e /-scores

e Cubic model




(B)

Cumulative Survival

Overall p<0.0001 (log-rank)

1.004 p<0.0001
- Higher METs:
T
.~ Higher vs. Lower slop
S " .
1“-L -
0.751 - )
p=0.98 — =
Lower METs:
0.501 Higher vs. Lower slope
0.251 .
Higher-METs / Lower-slope
== Higher-METs / Higher-slope
== | ower-METs / Higher-slope
0.00{ == Lower-METs /Lower-slope
0 5 10 15 20
2464 2310 2060 1277 612
== 1130 1043 916 557 227
w1196 1039 793 414 143
== J508 2164 1662 894 204
Year, number at risk
(@

Lower METs: <7.3 (~26 ml/kg/min VO,)

Lower slope: <6.2 mmHg/MET

METs / Slope categories
Higher-METs / Lower-slope

Hazard Ratio (95% Cl)
1.00 (referent)

Higher-METs / Higher-slope e 1.27 (1.12-1.45)

Lower-METs / Lower-slope . - 1.96 (1.74-2.20)

Lower-METs / Higher-slope —_— — 1.84 (1.66-2.04)
0.5 075 1.0 125 15 1.75 2.0



Landmark analysis

Supplemantany material

Cumulative Survival

(A) Subjects tested years 1987-1996 (n=3515)
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(B) Subjects tested years 1997-2007 (n=3783)
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Peak METs
 Peskexemalworkoad MET)

1.00 Overall p<0.0001 (log-rank)

S
§ Quartile . Hazard ratio (95% Cl)
2 050 <6 METs - 1.00 (referent)
lﬁ >6, <8.3 METs whAw 0.79 (0.73-0.87)
E >8.3, <10.9 METs wh= . 0.61 (0.55-0.68)
v >10.9 METs «= . 0.41 (0.36-0.46)
023 05 075 1.0 125 15
Quartiles peak MET A= lower risk vs. referent
~ Ql:<6.0MET  ~— Q3:8.4-10.9 MET
0.00{ — Q2:6.1-83MET — Q4:>11MET
0 5 10 15 20
we 1909 1575 1130 609 200
w1795 1628 1325 699 237 supibenempmsi
w1781 1644 1443 814 294 i

== 1813 1709 1533 1020 545
Year, number atrisk




Slope vs peak METs
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Peak METs (all 7298 subjects)




Table S6. Hazard ratio with 95% confidence interval for 20-years all-cause mortality for continuous hemodynamic exercise variables standardized as Z-scores.

SBPrest
DBPrest
SBPpeak
Delta SBP

Heart rate, rest

Heart rate, peak

Rate-pressure product

Peak METs

SBP/MET-

slope

Unadjusted

1.06 (1.02-1.10)
0.84 (0.81-0.87)
0.88 (0.85-0.91)
0.84 (0.81-0.87)
1.03 (1.00-1.06)
0.64 (0.62-0.67)
0.71 (0.68-0.73)
0.56 (0.54-0.58)
1.27 (1.23-1.30)

*) Model 1 adjusted for age and test year;
** Model 2 also adjusted for body mass index, hypertension, hypercholesterolemia, smoking, diabetes mellitus, atrial fibrillation,
previous coronary artery disease, stroke or claudication, chronic obstructive pulmonary disease, use of beta-blocker;

Model 1*

0.96 (0.93-1.00)
0.90 (0.87-0.93)
0.86 (0.83-0.89)
0.87 (0.84-0.90)
1.04 (1.02-1.06)
0.77 (0.74-0.80)
0.78 (0.75-0.81)
0.67 (0.64-0.70)
1.12 (1.09-1.16)

Model 2**

0.96 (0.93-1.00)
0.93 (0.89-0.96)
0.89 (0.85-0.92)
0.89 (0.86-0.93)
1.04 (1.02-1.06)
0.80 (0.76-0.83)
0.81 (0.78-0.84)
0.70 (0.67-0.73)
1.11 (1.08-1.15)

+SBPrest

NA
0.93 (0.89-0.96)
0.89 (0.86-0.92)
0.89 (0.86-0.93)
1.04 (1.02-1.06)
0.82 (0.78-0.86)
0.74 (0.69-0.80)
0.70 (0.67-0.73)
1.11 (1.08-1.15)

+PeakMETs

0.97 (0.94-1.01)
0.94 (0.90-0.97)
0.95 (0.92-1.17)
0.96 (0.93-1.00)
1.03 (1.01-1.05)
0.92 (0.87-0.96)
0.91 (0.87-0.95)
NA
0.97 (0.93-1.01)

***Model 3a and 3b adjusted for absolute values of SBP at rest or peak METs, respectively. Rate-pressure product calculated as
peak heart rate multiplied by peak systolic blood pressure.

Supplementary material




Cubic model

Supplementary material
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