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Background: Psychosocial Stress is CV Risk Indicator

Association of psychosocial risk factors with risk of acute
myocardial infarction in 11119 cases and 13 648 controls
from 52 countries (the INTERHEART study): case-control
study

ngren, Steven Hawken, Stephanie {'f}l,.ﬁnp uu, Karen Sliwa, Mohammad Zubaid, Wael A Almahmeed, Kathleen Nqu Blackett,
Chitr Sitthi-amorn, Hiroshi Sato, Salim Yusuf, for the INTERHEART investigators*

Odds ratio (99% Cl)

General stress™ (n=24767)
Never 1

Some period, home or work 1-05 (0-96-1-14)

Several periods, home or work 1-45 (1-30-1-61)

Permanent, home orwork 2:17 (1.84-2.55)
Financial stress (n=24 767)

Little or none 1

Moderate 1.19(1-11-1-29)
Severe 1-33(1.19-1-48)
Stressful life events (n=24 767)

None 1

d 1.23(1.13-1-34)
2 or more 1-48 (1.33-1-64)

Rosengren et al, Lancet 364 (2004): 953-962



Background: Stress Produces a Vascular Phenotype

Custodis et al,
Stroke 42: 1742-1749, 2011
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Background: Stress Reaction Involves Heart Rate
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Custodis et al, Stroke 42: 1742-1749, 2011



Background: Stroke Size in Chronic Stress is HR Dependent

Cerebral infarct volume [mm§3]
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e * p<0.05 vs. naive vehicle
« ** p<0.05 vs. stress vehicle

**

naive naive stress
vehicle iva vehicle

Custodis et al, Stroke 42: 1742-1749, 2011
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Telmisartan

Telmisartan
placebo

Study Design

2x2 Factorial design 20,332 stroke patients over age 50

ER-DP+ASA Clopidogrel*
ER-DP+ASA Clopidogrel
clopidogrzl placebo ER-DP+A§A placebo
Telmi;artan TeImiJsrartan
ER-DP+ASA Clopidogrel
clopidogr;I placebo ER-DP+A§A placebo
-+ -

Telmisartan placebo

Telmisartan placebo

Diener et al., Cerebrovasc Dis 17: 253-261, 2004

20,332 pts



ODbjectives:

= To compare the efficacy and safety of the
combination of extended-release dipyridamole and
aspirin to clopidogrel (non-inferiority first then
superiority)

= To compare telmisartan to placebo
In the prevention of recurrent stroke (superiority)



Primary Outcome: Recurrent Stroke

** Covariates in Cox model are age, baseline ACE-inhibitor use, Modified Rankin, and baseline diabetes status.
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ASA+ER-DP 9161 1.01 rm 1.11)
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Clopidogre 89 =0./830

ion
lo. ol risk: No. at risk:
dmisarton 10146 9667 9400 9135 6047 4457 9337 1050 ASA+ER-DP 10181 9715 9431 ¢ 6970 4426 2332 1060 148
P D DDA - - vins nznc o Clopidogrel 10151 967 93 9137 6¢ 4435 2331 1037 149

Telmisarta -
n Placebo = HR =~ 95% Cl - ASA+ER-DP C'Op'ldogre HR = 95%Cl | p-value

934 0.9 0.86,

880(8.7%) ' 920) 5  1.04

916 (9.0%) = 898 (8.8%)  1.01 0.92,1.11 0.783

Yusuf et al., NEJM 359: 1225-1237, 2008 Sacco et al., NEJM 359: 1238-1251, 2008



MRS Among Subjects with Recurrent Strokes — ARB

Comparison
Baseline
Placebo 17,3 10,3
Telmisartan 18,4 10,1
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

D001 E203 04

3 months post recurrent stroke

Placebo 15 14,8 4,9 13,6
Telmisartan 18,1 11,7 52 15,3
0% 20% 40% 60% 80% 100%
p=0.612*

D001 203040506

* From Cochran-Armitage test for linear trend.

Diener et al., Lanct Neurol 7: 875-884, 2008



Objectives of Current Analysis (1)

= HR predict CV events along the cardiovascular continuum
» |n stress models, HR reduction reduces stroke size

= |t s not known whether HR In patients after stroke
- predicts recurrent stroke, MI, CHF or death after stroke

- IS associated with functional outcome or cognitve
decline after recurrent stroke



Objectives of Current Analysis (2)

Association of Resting Heart Rate to
- Recurrent Stroke, Myocardial Infarction and CHF
- Total CV and non CV-Mortality

- Disability after recurrent stroke as measured by
MRS

e Disability of recurrent stroke as measured by
Barthel Index

e Decline in cognitive function as measured by
Mini Mental State Examination (MMSE)

According to: Cummings, JAMA 269 (1993): 2420-2421 ; Crum et al, JAMA 269 (1993): 2386-2391
Mahoney and Barthel, Maryland State Medical Journal 21 (1965): 61-65



Definitions and Methods

Statistical Analysis:

- 20,165 Pts, 695 centers, 35 countries

- differences tested by Chi-square (categorical) or
Kruskal Wallis test (continuous)

- Cox propotional hazard model
- multiple regression

- p<0.01



Baseline Characteristics Divided by € il
Quintiles of Heart Rate €S b
Q1 Q2 Q3 Q4 Q5 P
(< 64) (65t0 =£70) (71to=s76) (77t1to<82) (> 82)
Age in years 67.36 (8.50) 66.19 (8.48)  65.90 (8.55) 65.46 (8.52) 65.46 (8.63) <0.0001
Female sex (%) 30.82 34.62 38.05 37.25 40.05 <0.0001
Hypertension (%) 75.68 72.53 73.87 73.07 74.48 0.0095
Diabetes mellitus (%) 21.80 25.85 29.04 30.92 35.43 <0.0001
Hyperlipidemia (%) 50.49 45.86 46.08 44.40 45.21 <0.0001
Use of Statin (%) 51.23 46.37 45.14 44.74 47.76 <0.0001
Use of Diuretic (%) 23.10 20.97 20.35 18.50 20.85 <0.0001
Use of Beta-blocker (%) 35.76 21.45 17.19 14.79 10.81 <0.0001

Baseline SBP 145.42 (17.15) 143.45 (16.40) 143.73 (16.25) 143.64 (15.95) 143.93 (16.70) <0.0001




Baseline Characteristics Divided by =D pke
Quintiles of Heart Rate %l? sl

Q1 @) Q3 Q4 Q5 P
(< 64) (65t0 =70) (71to=s76) (77to<82) (> 82)

TOAST classification

Large-artery

atherosclerosis 27.36 28.69 26.65 29.67 31.31 <0.0001
Modified Ranking scale

score0 -2 81.43 77.55 77.86 73.55 69.24 <0.0001
Baseline NIHSS score

0-1 45.60 40.27 40.08 35.77 35.04 <0.0001

MMSE scoreat1 month  27.16 (3.77) 27.14 (3.86) 27.05 (3.98) 26.86 (4.35) 26.54 (4.61) <0.0001




Cardiovascular Outcomes

Probability of Death

0.175 ==

0.150 ==

0.125 =

0.100 ==

0.075 ==
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0.025 ==

0.000 T T T T 1
0 250 500 750 1000 1250 1500 1750
DEVS

Numbers at Risk

Q1 4835 4745 4668 3565 1901 750 0

Q2 3772 3704 3639 2727 1415 464 0

Q3 4236 4142 4054 2952 1554 554 0

Q4 3509 3431 3346 2408 1119 376 0

Q5 3813 3686 3578 2621 1276 379 0

— Q1

(A) Death

Log rank p<0.0001
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(B) CV Death

Log rank p<0.0001

(C) Non CV Death

Log rank p=0.0016
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Cardiovascular Outcomes

(A) Total Death

(B) CV-Death

a1 ¥ 1.00 & 1.00
(<64) ; !
Q2 RO 1.11 71— 1.20
(65 to <70) ! (0.93-1.33) i (0.95-1.52)
Q3 L 1.32 0 1.39
(71to <76) | (1.11-1.56) . (1.11-1.74)
! |
Q4 : —{1— 1.42 ! ] : 1.51
(77 to <82) 1 (1.19-1.69) . (1.20-1.90)
| |
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Cardiovascular Outcomes

Probability of Death

(A) Stroke

0.250 =
Log rank p=0.1379
0.225 ==
0.200 ==
0.175 m=
0.150 ==
0.125 m=
0.100 ==
0.075 ==
0.050 ==
0.025 ==
0.000 T T T T T 1
0 250 500 750 1000 1250 1500 1750
Days
Numbers at Risk
Ql 4835 4584 4418 3300 1740 496 0 0
Q2 3772 3570 3450 2547 1075 359 0 0
Q3 4236 3998 3841 2735 1378 315 0 0
Q4 3509 3313 3182 2273 987 249 0 0
Q5 3813 3539 3376 2441 1084 360 O 0
— Q1

(B) Myocardial Infarction

(C) Major CV Outcome

Log rank p=0.7084 Log rank p=0.0042

| | | | | | I | | | | | | | I |
0 250 500 750 1000 1250 1500 1750 0 250 500 750 1000 1250 1500 1750

Days Days

4835 4716 4619 3526 1887 683 0 O 4835 4555 4372 3282 1727 485 0 0
3772 3684 3606 2690 1287 430 0 0 3772 3555 3428 2518 1256 417 0 0
4236 4125 4008 2895 1494 381 0 0 4236 3985 3805 2698 1368 425 0 0
3509 3417 3320 2197 83 371 0 0 3509 3303 3158 2248 1033 341 0 0
3813 3667 3553 2585 907 0 0 0 3813 3527 3357 2423 1076 294 0 0
Q2 — Q3 — Q4 — Q5
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Cardiovascular Outcomes = UL

(A) Recurrent Stroke (B) Myocardial Infarction
| |
| |
Q1 < 1.00 @ 1.00
(s64) ! |
Q2 ' i ] 0.98 ' ' ' 1.20
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| |
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Neurological Outcomes

- Disabllity after recurrent stroke as measured by
MRS

e Disabllity of recurrent stroke as measured by
Barthel Index

e Decline in cognitive function as measured by
Mini Mental State Examination (MMSE)

According to: Cummings, JAMA 269 (1993): 2420-2421 ; Crum et al, JAMA 269 (1993): 2386-2391
Mahoney and Barthel, Maryland State Medical Journal 21 (1965): 61-65



=D ol
Modified Rankin Scale Scores = UL

At Baseline 3 Months After Recurrent Stroke
p<0.001 (ANOVA) p=0.0002 (ANOVA)

Q5 Q5
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Q4 Q4
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Barthel Index (Self Care) After Recurrent Stroke %,::% |

79 - p=0.0002 (Kruskal Wallis)

/8=
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Score

76 =

75 =

74

Q1 Q2 Q3 Q4 Q5 Quintiles
(s64) (65 to =70) (71 to <76) (77 to =82) (>82) (Heart Rate)



Patients (%)

21 =

19 =

17 =

15 =

13

Mini Mental State Exam (MMSE) < 24

MMSE at month 1

p<0.0001 (Chi-Square)
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> 2pt Decrease in Mini Mental State Exam (MMSE)

Patients (%)

21 -

20 =

19 =

18 =

(One Month vs. Penultimate)

p=0.0319 (Chi-Square)

17

Q1
(<64)

Q2
(65 to S70)

Q3
(71 to S76)

Q4
(77 to $82)

Q5
(>82)



Conclusion (1)

Cardiovascular Outcomes

- No association of resting heart rate to recurrent

stroke and myocardial infarction

* Resting heart rate Is predictive of mortality after

a first stroke

e total CV and non CV-mortality have different

heart rate thresholds



Conclusion (2)

Measures of neuroprotection are associated
to low resting HR

- Disability after recurrent stroke as measured by
MRS

 Disability of recurrent stroke as measured by
Barthel Index

e Decline in cognitive function as measured by
Mini Mental State Examination (MMSE) I.e. less patients

> 26 or 2 Pts decline



naive stress stress
vehicle vehicle iva

Custodis et al, Stroke 42: 1742-1749, 2011

- Low heart rates might be
associated to smaller strokes
rather then to lower numbers of
recurrent strokes to improve
functional outcomes.

- Heart rate could be a therapeutic
target after a first stroke.



FASTTRACK
CLINICAL TRIAL & REGISTRY UPDATE

Impact of resting heart rate on mortality,
disability and cognitive decline in patients after
ischaemic stroke

Michael Bohm™, Daniel Cotton?, Lydia Foster?, Florian Custodis!, Ulrich Laufs?,
Ralph Sacco®, Philip M. W. Bath®, Salim Yusuf®, and Hans-Christoph Diener’

Haormbung Saar, Germmany
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Aims Recurmrent stroke is a frequent and disabling event. A high heart rate i assodated with cardiovasoular cutcomes. Ve
imestigated the effects of the resting heart rate on cardiovasoular and neurclogical cutoomes after recurrent stroke
im the high-rizk populbaton of the PRoFESS study.

Methods and A votal of 30 165 patients after izchasmic stroke (mean age 66.1, 50 Bi6 years) assigned to the treatment arms of the

results PRoFESS trial were pooled divided by quintiles of the bazeline heart rate and analyzed according to cardiovasoular
and functional cutcomes after stroke: recurrent stroke and major cirdiovascular cutcomes sudh as stroke, myocandial
infarcton, and worsening or new-cnset heart falure as well a3 death from @rdiovascular and non-cardicvasoular
cauzes. Pre-defined endpointz were disability after a3 recurrent strole, aszeszed with the modified Rankdn scale
(mR5) and the Barthel indesx at 3 months, and cognitive function, assessed with the Mini-Mental S@mte Bamination
[MMSE) score at 4 weeks after randomization and at the penultinnate wisit. Patients in the two highest quintiles of
heart rate (F7—B2 and =82 bypmn) were at a higher risk for total death [hazard ratic (HR) 142, 95% CI 1.19-
1.69 and HR 1.74, 95% CI 1.48— 206, P << 0.0001] compared with the lowest quintle. Similar results were observed
for vasoular death [F1— <76 bpmn. HR 139 (1. 11— 174}, P << 0.0001] and non-vasmlar death [from =82 bjpm_ HR
1.66 (1.29-1.13), P = 010016]. Myocardial infarction (P = 0.7084) and recurrent stroke (P = 0.1379) were not signifi-
cantly associated with the baseline heart rate. Hazard ratics were adjusted to multple confounders including the
bazeline blood pressure. In the group of patients with a recurrent stroke, an association of a lower heart rate to
betber cutcomes was measured with the Barthel index across all heart rate groups. In addition, there was a significant
assodation of the baseline heart rate to the ccourrence of ggnificant cognitve dedine according to an MMSE score
=24 pointz at 1 month and at the penultinate visit or a dedine of =7 points between these two time pericds. Betber
independence score at a low heart rate were observed.

Conclusion The heart rmte iz a ¢ imdicator for mortality in patients with stroke and, imporanty, a low heart rate i associated
wiith a better functional outcome and less cognitive dedine after an ischaemic stroke.
Trial registration: ClinicalTrals gov, number MTCO01 53062

Keywords Heart rate » Stroke » Cardiovascular outromes = Cognitive dedine ® Dementia
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