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Stroke in Minnesota: 2014

* About 2.2% adults reported ever having had
a stroke in their lifetime (>90,000 people)

 >5% (2,172) of all deaths are due to stroke

« >12,000 hospitalizations for acute stroke
events at a cost of $418 million

« Compared to Caucasians, African-
Americans have a 25%, and Asians have a
30% higher stroke death rate



From the MN Department of Health, Stroke
Mortality is Declining in MN and Nationwide

—

Age-Adusted Rate per 100,000
3 8 &§ 8 &8 ¥ 8
) VU U VIS ———

—a— Minnesota

— S ‘

=3

O

o ad - - - ad o v - - - o o o N

19’91 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Yoor




This Decline is Part of a Longer-Term Trend
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Stroke iIn Minnesota: 1950 -1998

Careful spectral analysis of these data — the

daily incidence of stroke deaths in MN during

half a century — reveals predictable patterns:

- About yearly cycles peaking in winter;

- About weekly cycles;

- Other components such as the half-year
accounting for the waveform of the yearly
variation;

- Other periodicities that have counterparts in
our broader environment.
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Stroke Mortality in MN Varies with the Seasons

Amplitude (N/day)
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~10.8% more deaths end of
January and ~10.8% fewer
deaths end of July.
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Modeling and Prediction of Stroke Mortality Based

on Components Identified in Spectral Analysis

Mortality from Strokes
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4 1 9.96 + 1.01 cos(2nt/1.0-0.68) + 0.18 cos(2xt/0.5-0.08)
2

Stroke Incidence (N/day)

| + 2.24 cos(2nt/50.55-1.94) + 0.22 cos(2nt/7.25-1.15) + 0.20 cos(2nt/2.10-4.78)
Reference: 1 Jan 1950.
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* Periods (in years) in bold; italics if fixed, otherwise adjusted by nonlinear least squares fit of composite model.




Similar but Delayed Long-Term Trend in
Stroke Mortality in the Czech Republic vs MN

(Minnesota, MN: 1950-1998, weekly means;
Czech Republic, CR: 1950-1998, yearly values)
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Similar Yearly Pattern Characterizes Incidence of
All Adverse Cerebrovascular Events in Siberia

Circannual Pattern of Adverse Cerebrovascular Events
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Circadian Pattern of Adverse Cerebrovascular
Events in Khanty, Siberia (2001-2014; N=2,485)
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Similar Circadian Pattern at All Ages

Incidence (Total N/ hour)
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Similar Circadian Pattern in Different
Geographic Locations
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Similar Circadian Pattern at Different
Environmental Temperatures

Circadian Pattern of Cerebrocardiovascular Events (Siberia)
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Influence of Weather on Stroke Incidence
(K Ohshige et al. Int J Biometeorol 2006; 50: 305-311)

« Computerized records of ambulance transport

« Jan 1992 — Dec 2003 (N=53,585)

* Yokohama, Japan

* Age, gender, residential area, date/time of
emergency call, reason for transport, illness
category

* First diagnosis (emergency department)

» Patients 50 years and older

» Stroke: ICD-9 430-438 (<2001); ICD-10 I60-167
(>2001)



Influence of Weather on Stroke Incidence
(K Ohshige et al. Int J Biometeorol 2006; 50: 305-311)

Poisson regression analysis:

InNg =InPy + o+ Bi1TEMPy; + B, HUMD ;.
+ B3PRESy + BaHOLIDAY

Meteorological conditions divided into 96 weather
pattern categories (695°C; 4920%h; 4hPa)
Ordinary least squares regression analysis: daily
incidence/100,000 vs. daily ranges of temperature,
relative humidity, barometric pressure, holiday

96 weather patterns classified into 5 weather-
risk categories (LS regression estimates 21.3,
1.2-<13,11-<12,1.0-<1.1,and <1.0)
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Stroke Incidence Higher at Lower

Temperature and Relative Humidity
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K Ohshige et al. Int J Biometeorol 2006; 50: 305-311



Circadian Amplitude Gradually Increases
with Increasing Weather Risk
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Weekly Pattern with Minimum on Sunday
and Maximum on Monday
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Similar Results Observed in Moscow,

Russia (1979-1981)

98,625 Strokes
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Weekly Patterns also Characterize

Incidence of Other Cardiovascular Events

THE BIOLOGIC WEEK: NATURE AS WELL AS CULTURE - THE WEEKEND CAN BE PEAK OR TROUGH
Moscow AS A FUNCTION OF INTERNAL AND EXTERNAL INTERACTIONS*

database % 85,819 Myocardial Infarctions 100 98,625 Strokes 7070,531 Sudden Cardiac Deaths

80 -

70 -

o Fsunion o YSunfonf'rue f wealfTou i ffsa o senfionue | wed|rou ff e ff
P-Values**: <0.001; <0.001 <0.001; <0.001 0.105; 0.026
146,445 Cardiac Arrhythmia 160 165,699 Hypertensive Crises 6000 6,304,032 Ambulance Calls
140 Mean, A
1SEofy 155 - i

135 5800

Incidence (Average N of Cases/Day)

150 -

5700
130
14 5600
0 0 0
P-Values**: 0.019; < 0.001 0.020; 0.017 < 0.001; < 0.001

Time (Day of Week)
* Circaseptan patterns of chronoepidemiologic data from ambulance calls in Moscow between 1979 and 1981; Data from T. Breus et al. (1992)
** 1-way ANOVA; cosinor.




In Siberia, Weekly Incidence Pattern of Cerebro-
cardiovascular Events Depends on Air Temperature

Circaseptan Pattern of Cerebrocardiovascular Events (Siberia)
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In Siberia, Weekly Incidence Pattern of Cerebro-
cardiovascular Events Depends on Air Temperature

Circaseptan Pattern of Cerebrocardiovascular Events (Siberia)
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Similar About-Daily, -\Weekly, and -Yearly
Patterns are Reported by Others

« Spengos K et al. Neuroepidemiology 2003; 22: 204-210.

« Jimenez-Conde J, Roquer J. Medicina Clinica 2009; 132:
671-676.

e Turin TC et al. Neuroepidemiology 2010; 34: 25-33.

« Turin TC et al. Acta Neurologica Scandinavica 2012; 125:
206-212.

« Terayama Y. Japanese Journal of Clinical Medicine 2013;
71:2130-2134.

« Lorenzano S et al. Stroke 2014; 45: 176-184.

 Mao Y et al. Chronobiology International 2015; 32: 881-888.



Similar About-Daily, -\WWeekly, and —Yearly
Patterns are Reported by Others

Johansson BB et al. Progress in Clinical & Biological
Research 1990; 341A:427-436.

University hospital Lund/Orup, Sweden

Sep 1987-Aug 1988; N=497 (278M & 219F)
Classified into different etiologies:

- Subarachnoid hemorrhage (SH, N=15)

- Intracerebral hemorrhage (IH, N=48)

- Large vessel disease infarction (LVH, N=233)
- Lacunar infarction (LA, N=57)

- Infarct due to cardiac embolism (CE, N=144)



Circadian, Circaseptan, and Circannual
Incidence Patterns in Lund, Sweden

N P MESOR Amplitude Acrophase (95% CI)

Circadian

All 497 <0.001 16.6 10.4 10:56 09:08 , 12:48

SH 15 0.012 0.6 0.5 17:16 14:40 , 19:52

IH 48 0.241 1.6 0.9 10:08 ,

LVD 233 <0.001 7.7 5.0 11:48 10:20 , 13:16

LA 57 0.087 2.2 1.2 09:20 ,

CE 144 0.007 4.5 3.6 10:12 07:48 , 12:32

Circaseptan/Circasemiseptan

LVD 7.0d 0.050 33.29 7.47 -113 early TUE

SH 3.5d 0.016 2.14 1.49 -83 late SUN, early THU

LA 3.5d 0.059 5.71 2.25 -240 early TUE, late FRI
Circannual

LvD peak in MAR

CE peaks in DEC & JUL




Risk factors for Stroke

* Prior Stroke or Transient Ischemic Attack
* Hypertension

« Myocardial Infarction

* Diabetes

 Atrial Fibrillation

* Hyperlipidemia

« Carotid Artery Disease

« Cigarette Smoking

 Excessive Alcohol

» Heredity

http.//www.activebeat.co/your-health/women/10-risk-factors-for-stroke/2/




High BP is only One of Several Vascular Variability Disorders
(VVVDs) — Alterations of Variability in BP and/or HR
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Circadian Hyper-Amplitude-Tension (CHAT) Raises

Risk of Ischemic Cerebral Event Most

Fourfold Increase In = CHAT (Circadian Hyper-Amplitude-Tension)
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Alcohol Consumption is the Only Risk Factor Found
to Correlate with the Circadian BP Amplitude (BP-A)

BP-2A (mmHg)
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Effect of Alcohol Consumptionon the

Circadian Amplitude of Blood Pressure (N=297)

Systolic BP

No Yes

Acohol consumption?

Diastolic BP

P<0.001
(Studentt) ‘
No Yes
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Alcohol in the Evening Amplifies the Circadian Rhythm in BP

Nonsensical Opposite Amplitude Increase (a Large and
Differences Found at Important Vascular Disease Risk
Different Test Times Factor) Missed by Confusing Single
Test Time:  01:00 11:00 Timepoint Tests (4)
P-Value: < 0.05 < 0.05
140 Orange T
Juice
B 130- | -
£ \
E \
% 120 . N\
L 1
S
(7]
@ 110+ -
alcohol intake

01 05 09 13 17 21

Time (Clock Hours)

* Seven healthy volunteers took orange juice or whisky (40 g of alcohol) after dinner; amlpitude (A) increase and
acrophase (@) advance revealed by ?A, ) test (P < 0.05) in the absence of change in MESOR (M, rhythm-adjusted mean).




CHAT Remains an Important Risk Factor for Stroke Among Non-Drinkers
(and in the absence of other risk factors)

Swingers
1000 - —_——
500 RR Associated with
= Excessive BP-A in the
Absence of Risk Factor

Diastolic (D)
,BP

[ 5

Equal Risk

Relative Risk and 95% Confidence Interval**

154 & RR Related to Risk Factor
N of Patients: 297 297 297 297 297 297 297 297
~ <~ < ~~ ~~ - “~ “~
Risk: Present: 88 148 152 80 102 207 52 176
Absent: 209— 209 149 — 149 145—- 145 217—> 217 195—> 195 90 — 90 245 — 245 121 — 121
Excessive A? Y Y
Yes: 24/19 18/14 16/13 27/21 17114 5/4 24117 57

No: (SBP) 185/190 (DBP) 131/135 129/132 190/196 178/181 85/86 221/228 116/114




Not All Anti-Hypertensive Drugs Act on BP-A

SBP (mmHg)

----- Reference — — Treatment #1 — - - Treatment #2| (N=18]
LEL Rx 1 Rx 2 Rx 1 Rx 2
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(N events/1000 person-years) N=5,392
100 T T T T T T
0:00 12:00 0:00 12:00 12:00 0:00 12:00

Time (clock hours)




Decreasing an Excessive BP-A May Be More
Important than Decreasing the BP-M

Systolic BP Diastolic BP

NS NS
P=0.032 P=0.046

Rx effect on BP-2A (mmHg)
o b & b b o wn s oo

-12 - MmRx-1 (10mg Nifedipine bid at08 & 20)
Treatment: CORx-2 (4mg/day Benidipine at 08)

Outcomes of Long-Acting Calcium Antagonists Trials in Japan
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Individualized Timed Rx (Chronotherapy)
Helps 2/3 Patients by Reducing VVDs

30 - HARM 1-way ANOVA: F=6.565; P<0.001
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