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Designing Optimal Exercise Programs – 

Guideline & Science-Based Approaches

Brian Coyne, M.Ed., FCE PA, ACSM -CEP

Exercise P hysiologist II

Novant Healt h New Hanover Regional M edical Center

Disclosures

No re levant disc losures to report

Evidence-based publications used to develop presentation

References included throughout presentation

Clinical decisions & patient exercise programming should use sound judgement & reasoning

Each patient should be treat ed as an individual as guidelines are used as a “guide”
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Un de rs ta nd  cu rre n t e xerci se ass ess men t t ec hn iq ue s f ro m 

ex ercis e p rogramming l ite ra tu re , incl ud ing t he rol e e xerci se & 

functi onal  te sti ng  p lay  when  ca rd iopu lmona ry  ex ercis e & /or  

g ra de d exe rc ise  te st ing  a re  not  av aila bl e o r fea sib le .

De scribe e xe rc ise  pre scrip tion  pre cis ion  med ic ine :

 Exe rc ise  in te ns ity

 Exe rc ise  p rogre ssi on

 Exe rc ise  vo lu me

Include res ist ance  train ing in pe rs onal ized  e xerci se train ing 

p rogra ms  f oll owi ng  rec ommended  gu ideli ne s f or  ind ividuals  wit h 

CVD & Pu lm d x.

3

Objectives
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Why is what we do important?

Every 1 MET increase in peak workload, approx. 25% reduction CVD mortalit y

10% tra ining intensity  increase (%VO2peak) helps increase VO2peak by 1 .0  ml/kg/min (7% 
CV D morta lity  reduction)

Precis ion medicine targets risk factors subsequently  helping all aspects  of secondary 
prevention

Individualiz ing t reatment  plans optimiz es patient outcomes & improves QOL
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Decline in CRF with Aging

5
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Current Guidelines & Literature supporting CR/PR

Multiple exercise testing & p rescription cho ices

Optimal exe rci se p ro gramming m aximize s p atien t ou tco mes & expe rien ce

Prec isio n medicine  targe ts risk factors (Ex Rx is 1 key piece)

Benefits shown to reduce CVD mortality up to 36%

Kachur S, Chongtham mak un  V, Lav ie CJ , D e Sc hutter A, Arena R, M ilani  RV, Frank l in  BA. Im pac t of c ard iac  rehabil i tation and exercis e tra ining program s in 

c oronary  heart dis ease. Prog Card iov as c  D is . 2017 J un -J ul ;60(1):103-114. doi : 10.1016/j.pcad.2017.07.002. Epub  2017 Ju l  6 . PMID : 28689854

Clinical Exercise Test Types
Cardiopulmonary Exercise Test  (CPET, CPX) – 
cornerstone of care

Graded Exercise Test (GXT, ETT) – only see heart  

function

Exercise Echocardiogram Test (EET, Stress Echo)

Exercise Nuclear St ress Test (Exercise Nuc, Nuc 

Stress)

Non-exercise tests:

Dobutamine Echocardiogram St ress Test  (DOBI)

Nuclear Stress Test (Nuc Stress)

Cardiac Magnet ic  Resonance Imaging (CMRI)

Calcium Computed Tomography (CCTA)

Submaximal Exercise or Functional Test Types

Six  M inute Walk Test ( 6MWT)

YMCA  Cycle Ergometer Test (2-3 submax workloads)

Shuttle or Beep Test (not used clinically, rarely in research)

Timed Get Up and Go

1 min Sit to Stand

Short Physical Performance Battery
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CP ET GXT EET Exercise  Nuc 6M W o r su bmax Functional
Testing

HR X X X X X X

BP X X X X X X

Wo rklo ad X X X X X

VO2 X Pre dicted

METS X X X X Pre dicted

RER X

Ve/VCO2 ratio  & 
slop e

X

VTs X

Oth er O2 Sat O2 Sat Echo Perfu sion O2 Sat, distance Per test

Variables measured during Clinical Exercise Tests

Exe rc ise  to le ra nc e & undi agnose d e xe rc ise  in to lerance

Pat ien ts  wit h  card iovas cu lar  d ise as e

Pat ien ts  wit h  re sp irat ory d is eas es /sy mp to ms

Preope ra tiv e e val ua tion

11

CPET Indications – what they evaluate

Exe rc ise  as ses sme nt  & Rx  fo r  CR/PR

Dis ab ilit y o r  Impa irment

L un g,  he art,  an d he art-lu ng  t ra ns pl an t c an did ac y

Balady et al . Cl in ician’s  G uide to  Cardiopulm onary Ex erc ise Tes ting in  Adul ts: A Sc ienti fic Statem ent. Ci rcu lation 2010; 122, 191-225.

VO2peak Range – what’s expected

12
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Normal CPET values

Variable Normal  Range

FEV1 /FVC 70% or greate r

Ve/MVV ratio <80 % (Breathing reserve 20% or >)

VO2 @ rest Approx 3.5 ml/kg /min

VO2peak 80% pre dicted o r greater

Ve/VCO2 slope <30  if no t <25 “healthy norm al”

AT or VT1 40% pre dicted VO2pea k or greater

RER or RQ 1.1 or greater =  maxim al e ffort

O2 pulse 80% or greate r

PetCO2 @ re st 36-44 mm Hg

13

CPET Physiology – coupling & cellular respiration - heart, lung, & 

muscle together

a da p te d from Wa ss er ma n, 1 99 7

Li m et al ( 20 20)  C ar di ova scu la r Fu nct i ona l C ha nge s i n C hr on ic  K id ne y D i sea se: I nt eg ra ti ve  P hysi ol ogy , P at hop hysi ol og y an d A ppl ic at io ns of C ar di opu lm o nar y E xer ci se 

T est in g. F ro nt . P hys iol . , 14 S ept e m ber 20 20 S ec. R en al P hys iol og y an d P at ho phy sio lo V ol um e 11 Courtes y of Laura Ric hardson

CPET Tools

F ick  pr inci ple :

CPET  markers  re lat ed  to  perfo rmance:

VO2  pe ak

Ven tila to ry ef fic ien ty  (Ve/ VCO2 slo pe )

T ida l v olume &  re sp irat ory ra te

Brea th ing  res erve

Chronot rop ic H R respons e

Ox ygen  puls e

Blood p ress ure

15
C ou rt es y of  J ef f C hr i st le
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The unexpected can be seen – In whom do you usually see this?

16 C ou rt es y of  J ef f C hr i st le

Ventilatory Thresholds

VT1 (Anaerobic Threshold):

L act at e b eg in  to  in crea se

p H to  d ec re ase

Bic arbo n ate  b uf fe rs  H+ ion s,  CO2  p ro du ce d ab ov e a erob ic  

met ab oli sm

VO2  vs . VCO2  sl op e c ha ng es  - < 1 t o > 1

Ve/VO2  n ad ir  – lo we st th en  in crea se

Ve/VCO 2 – decrea se  or  l ow est  consta nt

Pet CO2  – h igh es t

Pet O2 - lowe st

Ty pi call y 5 0-60 % VO2p ea k, 60-70 % HRpea k

VT2 (Respiratory Compensation Point):

M axi ma l la ct ate  st ea dy  st ate

Bic arbonate s no t a bl e t o bu ffe r  H+ ions,  ex ces s CO 2 

p ro d uc tio n

End o f is oc apnic  buf fer ing

VO2  vs . VCO2  sl ope c ha nges  ex ponentia lly

Ve/VO2  n ad ir  – “s pik e” i n slo pe

Ve/VCO 2 – increa se from s te ady s tat e

Pet CO2  – d ecrea se  fro m hig h est  p oi nt

Pet O2 – increa se from l ow  po in t

Ty pi call y 7 0-80 % VO2pea k, 80-90 % HRpea k

M ez zani, A. e t a l. Aerobic Ex erc ise Intensi ty As sess m ent & Pres crip tion in  Card iac R ehabi l ita tion. JCR P 2012. DO I: 10.1007/s 40279 -021 -01581-z

Keir, D.A. e t a l . Identi fic ation of Non-Invasiv e Ex erc ise Thres holds : Methods, Strateg ies , and on Onl ine A pp. Sports M edic ine, O c t 25, 2021. DOI: 
10.1097/HCR .0b013e3182757050.

18

VT1 VT2

C ou rt es y of  E l vis  A lv ar ez  C ar n er o 
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Exercise Testing & Prescription

How does aerobic intensity effect CRF in CR& PR patients?

• CRF is THE strongest predictor of all-cause & CV-related mortality, as well as future fatal
& non-fatal coronary events. ↑CRF helps reduce mortality risk

• Exercise therapy during CR & PR provides an opportunity to mitigate risk of

rehospitalization, reoccurrence & mortality

• Exercise-based cardiac rehab effectively ↑CRF; differential effects of prescribed
exercise intensity not as well studied

M it ch ell B L, Lo ck M J,  D avi son K , et al . B r J S por t s M ed 201 9; 53: 1341 –135 2.

Exercise Intensity

Intensity VO2pea k 

increase 

pote ntial

Light (35-45% 

VO2pea k)

Littl e

Moderate (4 6-55% 

VO2pea k)

4.1 ml/kg/min

Moderate to 

Vigorous (5 6-70% 

VO2pea k)

4.9 ml/kg/min

Vigorous (>70% 

VO2pea k)

5.5 ml/kg/min

M it ch ell  B L, Lo ck M J, D avi son K , et  al . B r J S por t s M ed

201 9; 53: 1341 –135 2.

Major ity of st udies rep ort pre scrib ing large 
ranges of exercise intensities based on HR 
respon ses to exercise

Large variatio n in CRF change acro ss studies 
followin g CR & PR

Vigoro us-intensity exercise may pro vide greater 

ben efits over mod erate or mode rate-to vigo rous 

intensities,  but add itional  ben efits are un like ly to 

be clinical ly significan t = lo wer peak MET in crea se

CPET Objectives & Utility

21

Objec tives:

Establish baseline CRF

Assess response to intervention/tra ining

Standardiz e submax exercise intensity

Ensure participant safety

Utility:

CPET assesses cardiovascular  & respiratory 
system integration during exercise

Noninvasive, comprehensive assessment of 
one’s exercise capacity

VO2peak used for disease stratification (e.g. 
VO2peak < 14 ml/kg/min in HF & surgery)

Use test data  to ta ilor  exercise training 
programs & optimize outcomes in athletes 
through high-risk clinical populations

Clinical evaluation – what’s reason for exercise 
intolerance
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CPET barriers

Cost & Res ourc e Intense
• Equipment & Maintenance ex penses

• Staffing r esources  (trained Technician & 

Physician)

• Patient Complianc e & Tolerance
• Physica l lim itations

• Patient anxie ty

• Interpre tation
• Variabil ity

• Advan ced train ing

Time C onstraints
Staffing

Medica l supervision

Infrastructure

Protocols &  Test standardization
1 size doesn ’t fit al l

Non-invasive vs. Invasive

R ee ves, G or d on R . M D , M P T; G up ta , S huc hi ta M D ; F or m an , D an iel E . M D . E vol vi ng R ol e of E xer ci se T est in g i n C ont em p or ar y 

C ar di ac R eh abi li t at io n. Jo ur na l of C ar di opu lm o nar y R eha bi li ta ti on an d P re ven ti on 36 ( 5) :p 30 9-31 9, S ept em b er / Oc to ber 20 16.

• Versati le
• Mechanistic
• Physiological
• Prognositc

C ou rt es y of  L au ra  R i cha r dso n

23

Precision exercise medicine – how monitor variables?

Duration &  Modality        Intensity &  Progression
Limited var iability between programs   Much variability

Well done              How do you do it in your  practice?

Intensity Methods Used & Rank

P ack et al l ( 20 22) . E xer ci se P re scr ip ti on M et h ods an d A tt i tu des i n C ar di ac R eha bi li ta ti on : A N AT I O NA L S UR V E Y. Jo ur na l of  C ar di opu lm o na ry  R eha bi li ta ti on an d

P re ven t ion 42 ( 5) :p 35 9-36 5, S ept e m ber 20 22

C ou rt es y of  L au ra  R i cha r dso n
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Subjective variables – RPE & Symptoms

Intensity - Subjective

Reliable with co nsiste nt &  pro per in stru ction

Not opt imal

RP E if used cor rect ly

Talk Test

What b enefit exercise @ RPE 8 – 10?

P ack et al l ( 20 22) . E xer ci se P re scr ip ti on M et h ods an d A tt i tu des i n C ar di ac R eha bi li ta ti on : A N AT I O NA L S UR V E Y. Jo ur na l of  C ar di opu lm o na ry  R eha bi li ta ti on an d

P re ven t ion 42 ( 5) :p 35 9-36 5, S ept e m ber 20 22

N er ys Wi ll ia m s, T he B or g R at in g of P er cei ve d E xer t io n ( R PE ) sca le , O ccu pa ti on al M ed ic in e, V ol um e 67 , I ssu e 5, Ju ly 20 17 , P age s 40 4–40 5

Mu ch  variabil it y

Low fitn ess  & /or  elderly - un derestimate

High  fit ness & /o r you nger - overe stimate

HR Calculations – what happens across the life span & fitness 
levels

HR max pre diction fo rmulas:

= 2 20 – age (tr adit ion al)

= 2 08 - (0.7 x a ge) (meta-analysis)

= 2 06 – (0.88 x age ) (wo men)

= 2 11 – (0.64 x age ) (highly active)
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Intensity - Methods

Talk Tes t (TT)

VT1 correlates with TT

RP E 11-12 on average

Can they converse easily?

CO2 & LA steady state

Monitor  breathlessness

0-10 dyspnea scale

HR+ Fixed Range

RHR +20 - 30 bpm

Basic, safe starting point

Titrate  wit h exercise progression

Utilize HR Reserve – 40-80% predicted 

max HR if no CPE T/GXT

. Pac k et al 202 2 E xer cise pr escr ip ti on m et hods  and at ti t udes i n car dia c r ehabi l it at io n: A nat i onal sur vey.

Jou rnal of C ardi opul m onary Re habi li t at io nand P re vent io n, V ol um e 42 ( 5) , 359 -365
Sø rense n et al 20 20. V ali di t y of t he T alk T est as a M et h od t o Est i m at e V ent i lat o ry T hresho ld an d G uid e

Ex erci se I nt ens i t y i n C ardi ac Pat i en t s . J C ardi op ul m R ehab il Pre v. 20 20 Sep ;4 0( 5) : 33 0-334

Exercise Progression

• Monitor symptoms
• 1st Duration
• 2nd Intensity

• RPE >14 as tolerated

M yt in ger et al 202 0. Exe rcise Prescr i pt i on G ui del ine s f or C ardi ovascul ar D ise ase Pat i ent s i n t he A bsence of a B asel in e St re ss T est. J C ardi ovasc D ev D is . 202 0 A pr 27; 7( 2) :1 5.C ou rt es y of  L au ra  R i cha r dso n

Benefits of Aerobic Exercise Program

T aylo r et al  20 21. O pt i m iz ing O ut co m es i n Ca rdi ac R ehab il it at i on: T he I m port an ce of Ex erci se I nt ens i t . yFro nt . C ardi ova sc. M ed . , 02  

Sep te mb er 202 1 Se c. G eneral C ardi ovascul ar M edi ci n V olu m e 8 - 202 1
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What do your patients do at home when not in CR/PR?

31

From Cl inic al  Exerc is e 

Testing , by  Karen Siets em a, 
M D

Exercise Prescription guidance – precision medicine
2025 AACVPR Guidelines
Ta rg et  VO2  us in g M ET  lev el & wo rklo ad  fro m CPET

Ka rv onen  fo rmula  wi th  VO2 or He art R ate  Res erve

ACSM  Walk ing, Runn ing , &  Cyc le Ergome try e quat ions – fo r  st ea dy-st at e e xerci se

NuStep  & El lip tic al – harde r to  pre scribe w orkl oa ds  wit hou t good  p re di cti on  equati ons

Us e t he  VT2  work load  as  top  end of  trai ning  ra nge & ti trat e up as pa tie nt  is ab le

Ut ilize  HITT & pus h pas t VT2 duri ng  h igh i nt ensit y in te rvals ; l ow er in te ns ity  (rec ov ery)  shou ld  be a t VT1 o r  lower l eve ls – ca n use re st if 

need  be

Sh ou ld  be  d oin g  at  lea st  as  muc h w ork  as  th ey  do  o ut sid e re ha b – reh ab  is wh ere t he y s ho u ld be  st re ss ed

Volume o f Aerob ic  ex ercis e invo lv es freque nc y, in te ns ity , ti me , & mode in te grat ed  t oget he r – ta rge t a re  indiv idua lize d

32

Resistance Training helps maintain/restore muscle

D am l uj i et al ( 20 22) S ar cop en ia  a nd C ar di ova scul ar D is eas es. C ir cu la ti on V ol 14 7, N um b er 20

C ou rt es y of  L au ra  R i cha r dso n
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CR/PR – Resistance Training is key component 

D am l uj i et al ( 20 22) S ar cop en ia  a nd C ar di ova scul ar D is eas es. C ir cu la ti on V ol 14 7, N um b er 20

Sarcopenia

flesh poverty

muscle 
strength 
(dynapenia)

mass (quantity)

function 
(quality)

C ou rt es y of  L au ra  R i cha r dso n

Resistance Training

K ir km a n et al l 20 22 . R esi st an ce ex er ci se f or ca rd ia c r eh abi li t at io n. P ro g C ar di ov asc D is .20 22 Jan -Fe b; 70 :6 6-72

lean mass 
abnormalities

vicious cycle

CVD

C ou rt es y of  L au ra  R i cha r dso n

K ir km a n et al l 20 22 . R esi st an ce ex er ci se f or ca rd ia c r eh abi li t at io n. P ro g C ar di ov asc D is .20 22 Ja n-Fe b; 70 :6 6-72
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on be ha lf t he A m er ic an H ea rt A sso cia ti on C ou nci l on Li f est yl e an d C ar di om e ta bo li c H ea lt h; C ou nci l on A rt er i oscl er os is,

T hr om b osi s an d V asc ula r B io lo gy; C ou nci l on C li ni cal C ar di ol og y; C ou nci l on C ar di ova scul ar an d S tr ok e2N6u rs i ng; C ou nci l on

E pid em i ol ogy an d P re ven ti on ; an d C ou nci l on  P e ri ph er al V asc ula r D ise ase

Scientific Statemen t

From the American

Heart Association

on be ha lf t he A m er ic an H ea rt A ssoc iat i on C ou nci l on Li f est yl e an d

C ar di om e ta bo li c H ea lt h; C oun ci l
on A rt er i oscl er os is, T hr om b osi s an d V asc ula r B io lo gy; C ou nci l on C li ni cal

C ar di ol og y; C ou nci l on C ar di ov ascu la r an d S tr ok e N ur si ng ; C ou nci l on

E pid em i ol ogy an d P re ven ti on ; an d2C7ou nc il on P er ip he ra l V asc ula r D ise ase

AHA Scientific Statement

Volume of Aerobic Exercise to Optimize Outcomes in

Cardiac Rehabilitation

S ava ge et al l 20 25 V ol um e of A er ob ic E xer ci se t o O pt i m ize O ut co m es i n C ar di ac R eh abi li t at io n:  A n O f fi ci al S ta te m en t F ro m t he A m er ic an A ssoc iat i on of

C ar di ov ascu la r a nd P ul m ona r y R eh abi li t at io n. Jo ur na l of  C ar di opu lm o nar y R eha bi li ta ti on an d P re ven ti on M ar ch 03 , 20 25.

2025 Official AACVPR 
Statement

Volume:
(5 kcal/min)· (40 min/session) · (6 sessions/week)

= 1200 kcal/week
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Questions to ask of yourself and your program

1. Are o u r pa tie nt s’ e xerci se pro grams meet in g rec omme nd ed  ae ro b ic e xe rc ise  vo lu me d ur in g  CR/PR s es sio ns ?

2. If  no t,  wh at  ca n w e d o  di ffe ren tly  to  en su re t he y me et re co mme nd at io ns ?

3. Ho w c an  we  in teg rat e t est in g f or  e ac h p at ien t,  if no t a lrea dy  be in g d o ne ? 

4. If  no t,  ca n w e d o  a C PET  o r GXT  at  th e s ta rt  o f t he  pro gram?

5. Are w e u si ng  T HR ran ge s o u tsi de  “rest in g +  3 0 b pm” aft er  t he  first  f ew s es sio ns ?

6. Are o u r pa tie nt s d oi ng  res ist an ce train in g e ac h re ha b s es sio n?

7. If  no t,  ho w do  we  in co rpo ra te  resi sta nc e t ra in in g i nt o e ac h reh ab  s ess io n?  Us e mac hi ne s o r  ha nd  w eig ht s/d u mb b ells /b od y weig h t?

8. Ho w d o es th e p ro g ra m trac k p at ien t impro veme nt  qu an t ita tiv ely ?

9. Do  we  st re ss  co mple te  lif est yle  mod if ica tio n  en ou g h?  Or  d o  we  ju st fo cu s o n on e o r two  are as?

40

Exercise Prescription Takeaways

41

Personalized precision medicine

Exercise Testing optimizes ExRx

If no max test results, RPE & Ta lk Test are 
good for progression RPE 11 minimum benefit, 12-15 preferably

Volume specifi c to patient & program

Home exercise program complements CR/PR 
program

Encourage to meet minimum PA recommendations 
daily

Physical Activity (PA) Takeaways

“No dose of PA is  too small to be hea lthful” – I-Min Lee, MD, ScD, Harvard Medical School

Walking 3.0 mph on leve l ground = a pprox. 3 M ETs  – ta kes patients out of 

“high risk” cohort (Franklin, B et al, Circulation 2020; 141:e705-e736)

Highe r fitness (>8 METs  peak) associated with lower mortality – 3-4x les s likely 
to die than low fitness  (<5  METs pea k) across all a ges (Phan et a l, Am J Cardiol 
2022;170:132-137)

Phy sical f itness is a vi tal sign, just like resting HR, BP, & Weight (AHA)

Find way s to integrate increased PA into lifes tyle
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Brian  Coyne,  M. Ed ., FCEPA, ACSM -CEP

No vant  Hea lth N ew Ha no ver  CP Reh ab

bc oyne @n ova nth ealt h.or g

91 0-66 2-99 25

nov antheal th .o rg

Thank You. Questions?


