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• Worldwide, 2nd leading cause of death.

• In the U.S., 5th leading cause of death.

• In Hawaii, 3rd leading cause of death.

• Stroke incidence is increasing

Feigin V. et al. The Lancet. 2014



Age-standardized stroke incidence per 100,000 person-years for 2010.

Feigin V. et al. The Lancet. 2014



“Stroke Belt”



Ischemic Stroke (85%)

•Blockage of the artery

•Causes lack of oxygen to the brain 

supplied by that artery.

Hemorrhagic Stroke (15%)

•“Intracerebral Hemorrhage” or “ICH”

•Rupture of the artery, causing 

bleeding and hematoma formation.



Stroke Risk Factors (Primary)

• Hypertension

• Diabetes

• Dyslipidemia

• Obesity

• Low fruit and vegetable intake

• Physical inactivity

• Cigarette smoking

• Alcohol use



Population attributable fraction of stroke mortality by risk factors 

Mensah G A Heart 2008;94:697-705



Relative risk of ischemic and hemorrhagic stroke

Lancet, 1998; 352: 1801–1807



Relative risk of ischemic and hemorrhagic stroke

The Lancet, 1998; 352: 1801–1807



•Medical Emergency

•High rate of severe disability

•30-50% death rate

•Hypertension is the major cause (~70%)

•Methamphetamine is another cause

Johnston et al. Neurology 50:1413-1418, 1998

Taylor et al. Stroke 26:1459-1466, 1996



Spontaneous rupture of small 

arterioles 

Formation of hematoma (“blood clot”)

Mechanical damage to the 

surrounding brain tissue due to 

compression. 

(Qureshi AI et al. N Engl J Med. 2001)



Normal Blood Pressure High Blood Pressure



27 yo Native Hawaiian man developed difficulty 

speaking and right-sided paralysis.

Etiology = uncontrolled hypertension

3-month outcome 

• Moderately severe disability

• Unable to walk without assistance

• Unable to attend to own bodily needs without assistance.



Zahuranec et al. Neurology. 2006.

Kuhlemeier et al. Stroke. 1994.

Feigin et al. Lancet Neuro. 2006

Age



•A retrospective cross-sectional study of the stroke database from 

The Queen’s Medical Center between 2004 and 2010 (N=562). 

Nakagawa et al. Neurology. 2012



Nakagawa et al. Neurology. 2012
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Zahuranec et al. Neurology. 2006.

Kuhlemeier et al. Stroke. 1994.

Feigin et al. Lancet Neuro. 2006
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• What is driving this age disparity?

• How much of this is due to methamphetamine abuse 

among young NHOPI?

• How much of this is due to lack of blood pressure control?



Daily injection of methamphetamine in mice.

Courtesy of James Haorah, Ph.D., Associate Professor, Laboratory of Neurovascular Oxidative Injury, Department of 

Pharmacology and Experimental Neuroscience, University of Nebraska Medical Center, Omaha, NE.

Mechanism:

• Damage to arteries

• High blood pressure

• Inflammation

• Neurotoxic



Aim 1: To determine the prevalence of methamphetamine-related 

ICH (Meth-ICH) for each racial group. 

The primary hypothesis: NHOPI with ICH would have significantly 

higher prevalence of Meth-ICH than whites or Asians. 



367 patients screened

295 patients met criteria

200 patients in enrolled

Excluded:

• 28 trauma-related ICH

• 16 non-Hawaii residence

• 15 tumor-related ICH

• 8 aneurysm-related ICH

• 4 ischemic stroke w/ hemorrhage

• 1 age <18 years

Unable to consent:

• 26 no family available

• 21 language barrier

• 12 expired prior to recruitment

• 11 patient/family declined

• 9 discharged prior to recruitment

• 6 homeless and lack telephone

• 5 lesions that appeared as ICH

• 3 post-op ICH

• 2 prisoners

193 patients analyzed

7 with “other” race excluded



Enrolled Patients

• 23% NHOPI

• 59% Asians

• 16% Non-Hispanic whites



NHOPI Whites Asians

N 45 30 118

Age (yrs) 54 ± 15 68 ± 15* 65 ± 16*

Female, n (%) 14 (31) 10 (33) 54 (46)

Married, n (%) 24 (53) 17 (57) 65 (55)

No Insurance, n (%) 8(18) 1 (3) 12 (10)

Household income <$15,000, n (%) 18 (40) 5 (17)* 20 (17)*

Regular visit to Primary Care Physician, n (%) 17 (42) 21 (72)* 73 (67)*

Hypertension 37 (82) 18 (60)* 95 (81)*

Diabetes Mellitus 19 (42) 5 (17)* 27 (23)*

Hypercholesterolemia 19 (42) 15 (50) 55 (47)

Coronary artery disease 4 (9) 6 (20) 12 (10)

Atrial Fibrillation 7 (16) 8 (27) 19 (16)



NHOPI Whites Asians

Meth - associated ICH 24% 0%* 12%*

*P < 0.05
Nakagawa et al. Neurology. 2015



• Age difference: 16 years

Age

*P<0.0001

Nakagawa et al. Neurology. 2015



Conclusion #1: 

Native Hawaiians and other Pacific Islanders have higher 

prevalence of Meth-ICH compared to whites and Asians.

Meth-ICH patients are significantly younger than non-Meth 

ICH patients.



• Only Non-Meth ICH (Excluded 25 Meth-ICH patients)

Age

Nakagawa et al. Neurology. 2015



Conclusion #2: 

Even after excluding the Meth-ICH group, NHOPI still had 

younger age, suggesting that observed health disparities are 

not entirely driven by the methamphetamine abuse in the 

community.





Is there any difference in outcome after stroke?

Specific Aim 2: To determine the difference in 3-month 

disability level between NHOPI and whites.



0    No symptoms at all

1 No significant disability despite symptoms; able to carry out all usual 

duties and activities

2 Slight disability; unable to carry out all previous activities, but able to 

look after own affairs without assistance

3 Moderate disability; requiring some help, but able to walk without 

assistance

4 Moderately severe disability; unable to walk without assistance and 

unable to attend to own bodily needs without assistance

5 Severe disability; bedridden, incontinent and requiring constant 

nursing care and attention

6 Dead



0% 20% 40% 60% 80% 100%

Whites

Asians

NHOPI

mRS 0 mRS 1 mRS 2 mRS3 mRS 4 mRS 5 mRS 6

Mild Disability Severe Disability

P = NS

Dead

P < 0.05



3-month neurological outcome:

• No difference between NHOPI and whites.

• Possible difference between NHOPI and Asians.



0% 20% 40% 60% 80% 100%

Asians

NHOPI

mRS 0 mRS 1 mRS 2 mRS3 mRS 4 mRS 5 mRS 6

DeadAlive
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• NHOPI have lower 3-month mortality compared to Asians.

• However, this was driven by their younger age.

• Most likely higher number of elderly Asians expired due to 

cessation of aggressive care (i.e., comfort care/hospice)



• Among the survivors, is there any difference in the 

disability severity between NHOPI and Asians?
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• NHOPI have lower 3-month mortality compared to Asians.

• Among the survivors, NHOPI have milder neurological 

disability compared to Asians.

• However, these findings were driven by their young age. 

• There is no significant age-adjusted racial difference in 

outcome after intracerebral hemorrhage. 
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