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ABSTRACT

URPOSE: Methamphetamine is the most widespread illegally used stimulant in the United States.
reviously published case reports and series suggest a potential association between methamphetamine
xposure and cardiomyopathy. The objective of this study is to demonstrate an association between
ethamphetamine use and cardiomyopathy.

UBJECT AND METHODS: Case-control study based on chart review of discharges from a tertiary care
edical center from January 2001 to June 2004. Patients were �45 years old. Cases included patients with
discharge diagnosis of either cardiomyopathy or heart failure. Controls included hospitalized patients
ho had an echocardiographic assessment of left ventricular function with ejection fraction �55% and no
all motion abnormalities.
ESULTS: One hundred and seven cases and 114 controls were identified. Both groups had similar
ender distribution, length of hospital stay, rates of health insurance, prevalence of coronary artery disease,
iabetes mellitus, hypertension, cigarette smoking, alcohol abuse, and marijuana and cocaine use. Cases
ere older than controls (mean age: 38 vs 35 years; P�.008), had higher body mass index (BMI) (mean
MI: 37 vs 30 kg/m2; P�.001), and higher prevalence of renal failure (13% vs 4.4%; P�.03). Metham-
hetamine users had a 3.7-fold increased odds ratio [95% confidence interval, 1.8-7.8] for cardiomyopathy,
djusting for age, body mass index, and renal failure.
ONCLUSIONS: Methamphetamine use was associated with cardiomyopathy in young patients. © 2007
lsevier Inc. All rights reserved.

KEYWORDS: Cardiomyopathies; Congestive Heart Failure; Methamphetamine
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URPOSE
ethamphetamine, a synthetic amine and potent stimulant,

s currently the most widespread stimulant that is illegally
anufactured, distributed, and abused in the United States.1

ommonly referred to as “speed”, “crystal”, “crank”, “go”,
nd “ice”, the 2003 National Survey on Drug Use & Health
eported the lifetime use of methamphetamines at 12.3 mil-
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cal Center, 4860 Y Street, Suite 2820, Sacramento, CA 95817. Telephone:
916) 7343764; Fax: (916) 7348394.
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ront matter © 2007 Elsevier Inc. All rights reserved.
ed.2006.01.024
ion, representing 5.2% of the population of age 12 years
nd older.2 Furthermore, emergency department visits in-
olving amphetamines or methamphetamines increased by
4% (from 25,245 to 38,961) between 1995 to 2002, with
ore than half the visits involving patients aged 18 to 34.3

vailable information from 1998 estimates the general
revalence of methamphetamine use in the State of Hawaii
t 11.9%.4

Previous cellular, animal and autopsy studies, individual
ase reports and case series suggest that methamphetamine
xposure is potentially associated with structural and func-
ional changes of myocytes, as well as clinical manifesta-

ions of cardiomyopathy and congestive heart failure.5-17
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he purpose of this investigation is to examine the associ-
tion of methamphetamine use and cardiomyopathy.

UBJECTS AND METHODS
he study was approved by the

nstitutional Review Committee
f the study institution. Medical
ecords of patients admitted to a
ingle, tertiary care medical center
n Honolulu, Hawaii were retro-
pectively reviewed by a team of
edical residents and medical stu-

ents using a standardized data
bstraction form. Cases were re-
tricted to patients �45 years old
ischarged from the hospital be-
ween January 1, 2001 and June
0, 2004. Cases had a primary dis-
harge diagnosis of either cardio-
yopathy (ICD9: 425.2-425.9) or

eart failure (ICD9: 428.0-428.9).
ontrols were restricted to patients �45 years old dis-
harged between January 1, 2002 and June 30, 2004 without
primary or secondary diagnosis of either cardiomyopathy
r heart failure. Controls were required to have an in-
ospital echocardiogram that showed left ventricular ejec-
ion fraction (LVEF) �55%. Fifty percent of the controls
lso were required to have urine tested for toxicology. This
as performed by cross referencing all eligible controls
ith a list generated by the clinical laboratory of all patients
ith urine tested for toxicology within the study period.
hree cases and 24 controls with repeat hospitalizations and
ontrols having primary discharge diagnoses related to
rauma, obstetrics, or psychiatry were excluded from the
nalysis.

Patients were categorized into 4 ethnic groups (Cauca-
ian, Asian, Pacific Islander, Others) based on self reporting
uring their hospital admission. African American and His-
anic patients were uncommon in Hawaii. Where a patient
ad multiple admissions during the study period, the data
ollected from the most recent hospitalization was used in
he analysis. There was no overlap of subjects between the
ase and control group. Demographics, prevalence of co-
orbidities, cardiovascular risk factors, drug abuse and

chocardiographic data were compared between cases and
ontrols. Presence of diabetes mellitus, hypertension, and
enal failure was determined from the documented medical
istory. Information on substance abuse was obtained dur-
ng the chart review from the documented medical or nurs-
ng history, and/or from urine testing for toxicology (if
erformed). Either of the above, if present, would result in
he patient being categorized as having a history of sub-
tance abuse. Urine toxicology was tested on a Beckman
oulter LX20 system and standard enzyme immunoassay

CLINICAL SIGNIF

● Methamphetamin
cardiomyopathy.

● Methamphetamin
opathy is more s
non-ischemic ca

● In our study po
amine use was
patients with ca
eagents.
Odds ratios (ORs) were used as the measure of asso-
iation and were calculated using unconditional logistic
egression. Normal theory approximation was used to
etermine the 95% confidence intervals (CI) for OR es-
imates. Significance testing of regression coefficients

was based on Wald’s statistic.
Univariate factors associated
with cardiomyopathy at the
��.05 level of statistical signif-
icance were included in the mul-
tivariable logistic regression
model. The Fisher’s exact test
was used for comparison of cat-
egorical variables and Student’s
t-test for continuous variables. A
P-value of �.05 was considered
to be statistically significant.
Statistical analysis was per-
formed using SAS statistical
software version 9.1.3 (SAS In-
stitute, Cary, NC).

ESULTS
total of 143 discharges fulfilling criteria as cases and 143

ischarges fulfilling criteria as controls were identified. Ta-
le 1 shows the frequency of diagnoses for hospitalization
n the control group. The predominant diagnoses were ce-
ebrovascular accident, chest pain and myocardial infarc-
ion, arrhythmia and infection. After excluding repeat hos-
italizations (24 cases and 3 controls), control patients
ithout echocardiographic data (n�3), and control patients
ith LVEF �55% (n�24), 107 cases and 114 controls were

dentified and used in the analysis. Table 2 shows the patient
haracteristics of both groups. There were no significant
ifferences between cases and controls in gender distribu-
ion, mean length of hospital stay (9.2 vs 5.2 days; P�.28),
ates of health insurance, prevalence of atherosclerotic heart
isease, diabetes mellitus, hypertension, cigarette smoking,

CE:

is associated with

ociated cardiomy-
compared to other
yopathies.

ion, methamphet-
in 40% of young
yopathy.

Table 1 Frequency of Diagnoses for Hospitalization in the
Control Group

Diagnosis N (%)

Strokes and seizures 28 (20)
Chest pain and myocardial infarctions 27 (19)
Arrhythmias 22 (15)
Sepsis and other infections 16 (11)
Pneumonia and respiratory failure 12 (8)
Acute abdomen 8 (6)
Hypertension 4 (3)
Chronic and acute kidney failure 4 (3)
Valvular heart disease 4 (3)
Diabetes mellitus 3 (2)
Musculoskeletal disease 3 (2)
Pericardial disease 3 (2)
Malignancy 2 (1)
Other 7 (5)
ICAN

e use

e-ass
evere
rdiom

pulat
seen
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lcohol use, and marijuana or cocaine use. Mean LVEF in
he cardiomyopathy group was 31% while the control group
ad a mean LVEF of 60%. Compared to controls, cases
ere older (mean age 38 vs 35 years; P�.008), had a higher

Table 2 Patient Characteristics in the Case and Control Group

Variable Cases n (%

Age Group
�30 12 (11)
�30 to 40 50 (47)
�40 45 (42)

Sex
Female 37 (35)
Male 70 (65)

BMI (Kg/m2)
Normal (18.5 to �25) 14 (15)
Underweight (�18.5) 2 (2.1)
Overweight (25 to �30) 19 (20)
Obesity (�30) 59 (63)

Race
Caucasian 22 (21)
Asian 31 (29)
Pacific Islander 49 (46)
Other 5 (4.7)

Health insurance (current)
No 29 (27)
Yes 78 (73)

Cigarette smoking
Never 58 (54)
Ever 49 (46)

Alcohol use (excludes social alcohol)
No 82 (77)
Yes 25 (23)

Methamphetamine use
Never 54 (57)
Ever 41 (42)

Cocaine use
Never 96 (90)
Ever 11 (10)

Heroin use
Never 105 (98)
Ever 2 (1.9)

Marijuana use
Never 97 (91)
Ever 10 (9.4)

Diabetes mellitus
No 81 (76)
Yes 26 (24)

Hypertension
No 95 (89)
Yes 12 (11)

Atherosclerotic heart disease
No 98 (92)
Yes 9 (8.4)

Renal failure
No 93 (87)
Yes 14 (13)

Urine tested for toxicology†
No 66 (62)
Yes 41 (38)

*Percentages may not add to 100% due to missing values.
†Obtained at any time during the admission
ean BMI (37 vs 30 kg/m2; P�.001), were more likely to d
e Pacific Islanders (46% vs 32%, OR�2.2, 95% CI, 1.1-
.3), and had a higher prevalence of renal failure (13% vs
.4%; P�.03). Cases also were less likely than controls to
ave urine tested for toxicology (38% vs 55%, P�.02)

Controls n (%)* OR [95% CI]

30 (26) 1.0 Referent
40 (35) 3.1 [1.4-6.9]
44 (39) 2.6 [1.2-5.6]

44 (39) 1.0 Referent
69 (61) 1.2 [0.70-2.1]

29 (26) 1.0 Referent
4 (3.6) 1.0 [0.17-6.3]

34 (31) 1.2 [0.50-2.7]
43 (39) 2.8 [1.3-6.0]

35 (32) 1.0 Referent
37 (33) 1.3 [0.65-2.7]
36 (32) 2.2 [1.1-4.3]
3 (2.7) 2.7 [0.58-12]

22 (19) 1.0 Referent
91 (81) 0.65 [0.35-1.2]

72 (63) 1.0 Referent
42 (37) 1.4 [0.85-2.5]

95 (83) 1.0 Referent
19 (17) 1.5 [0.78-3.0]

80 (80) 1.0 Referent
20 (20) 3.0 [1.6-5.7]

101 (89) 1.0 Referent
13 (11) 0.89 [0.38-2.1]

106 (93) 1.0 Referent
8 (7.0) 0.25 [0.052-1.2]

104 (91) 1.0 Referent
10 (8.8) 1.1 [0.43-2.7]

97 (86) 1.0 Referent
16 (14) 1.9 [0.98-3.9]

106 (94) 1.0 Referent
7 (6.2) 1.9 [0.72-5.1]

109 (96) 1.0 Referent
4 (3.5) 2.5 [0.75-8.4]

109 (96) 1.0 Referent
5 (4.4) 3.3 [1.1-9.5]

51 (45) 1.0 Referent
63 (55) 0.50 [0.29-0.86]
s

)*
uring the admission. Cases were more likely than controls
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o have a history of methamphetamine use (42% vs 20%,
R�3.0, 95% CI, 1.6-5.7).
Age- and race-adjusted multiple logistic regression anal-

sis showed that methamphetamine use (OR�3.7, 95% CI,
.8-7.8), BMI (normal OR�1.0; underweight OR�1.5,
5% CI, 0.21-10.3; overweight OR�1.3, 95% CI, 0.49-3.3;
bese OR�2.7, 95% CI, 1.1-6.6), and renal failure
OR�4.5, 95% CI, 1.4-15) were independently associated
ith cardiomyopathy or heart failure (not shown in the

able). These associations persisted even after the exclusion
f patients with atherosclerotic heart disease from the total
ohort. No substantive change in results was noted when the
nalysis was restricted only to either subjects who had urine
oxicology screening or echocardiography performed.

Table 3 shows the characteristics of cardiomyopathy
atients (cases) with and without evidence of methamphet-
mine use. The mean LVEF was significantly lower in the
roup with methamphetamines use compared with the
roup without methamphetamine use (26% vs 35%,
�.009, not shown in table). Cardiomyopathy patients with
ethamphetamine use had a greater prevalence of tobacco

se (61% vs 31%, OR�3.4, 95% CI, 1.5-8.0) and were also
ore likely to have their urine tested for toxicology com-

ared to the cardiomyopathy patients without methamphet-
mine use (85% vs 65%, OR�3.2, 95% CI, 1.1-8.9).

When the entire cohort of cases and controls was ana-
yzed, patients with a positive history of methamphetamine
se were more likely to have their urine tested for toxicol-
gy (78% vs 36%, OR�6.1, 95% CI, 3.0-12). Testing also
as more likely to result in a positive test for methamphet-

mines (51% vs 5.1%, OR�20, 95% CI, 5.3-72). However,
positive history of methamphetamine use was not signif-

cantly associated with urine toxicology testing positive for
ny other drug (eg, cocaine or marijuana).

ISCUSSION
e observed an association between methamphetamine use

nd cardiomyopathy in patients �45 years old. To our
nowledge, this is the first case-control study to show an
ssociation between methamphetamine exposure and car-
iomyopathy. In our patient cohort, every 4 of 10 patients
ith cardiomyopathy and age �45 years used methamphet-

mine.
Our data suggests that cardiomyopathy patients with

ethamphetamine use have a significantly lower LVEF
ompared to cardiomyopathy patients without methamphet-
mine use. This finding suggests that young patients who
se methamphetamines are not only at a higher risk of
eveloping cardiomyopathy but also of developing a more
evere form of cardiomyopathy.

Various cardiovascular manifestations of methamphet-
mine exposure have been previously reported in the med-
cal literature. They include hypertension,18 tachyarrhyth-

ia,19 vasospasm,20 myocardial infarction,21,22 aortic
issection,23 pulmonary hypertension,24 and sudden cardiac

eath.16 Cardiomyopathy related to amphetamine or meth- s
mphetamine exposure have been previously reported in a
umber of individual case observations11-14,17 and case se-
ies from Honolulu5 and Sacramento.6

Evidence suggests that methamphetamine exposure leads to
high catecholamine state through several mechanisms. Meth-
mphetamine stimulates the release of catecholamine, dopa-
ine, and serotonin from the adrenal medulla and the sympa-

hetic nerve terminals, resulting in activation of central and
eripheral alpha and beta-adrenergic autonomic receptors. It
lso is a weak inhibitor of monoamine oxidase, the neuronal
nzyme that inactivates norepinephrine and dopamine.25 Cat-
cholamine excess can conceivably result in cardiomyopathy
hrough recurrent coronary vasospasm, tachycardia, hyperten-
ion, accelerated atherosclerosis and/or direct myocardial tox-
city. Autopsy studies of methamphetamine users have shown
ontraction band necrosis in the myocardium, which also is
een in catecholamine toxicity and in the hearts of cocaine
sers.9,15,16 Some observations suggest that myocardial pathol-
gy may be reversible with early cessation of exposure to
ethamphetamine.11,13 The exact mechanism(s) through
hich methamphetamine exerts myocardial pathology remains

o be elucidated.
Contrary to the widespread clinical belief, our results do

ot show an association between cardiomyopathy and co-
aine use. The comparatively higher cost of cocaine may
xplain the relatively lower prevalence of cocaine compared
ith methamphetamine use in our study population (9.8%
s 31%). Cost also may be a factor in the frequency of
ocaine use; however, frequency of use was not collected in
ur database. Accordingly, the lack of an association be-
ween cocaine use and cardiomyopathy conceivably could
e attributable to the low incidence and/or frequency of
ocaine use among our study participants.

The lack of an association between a history of metham-
hetamine use and positive urine testing for other specific
llicit substances in this study is probably due to the low
ates of substance use other than methamphetamines in our
tudy population. The pattern of illicit substance use may
iffer in other populations and geographical areas.

Our study has limitations inherent to all hospital-based
ase-control studies using medical record review. It is prone
o selection bias. However, we attempted to reduce the
election bias by including all eligible patients as cases.
ontrols were selected randomly by medical records per-

onnel as long as they fulfilled selection criteria. Further, the
uration and severity of substance abuse could not be quan-
ified in our review of the medical records.

Another possible limitation of our results is the potential
or bias in the control group in that patients admitted for
ther reasons may not have an adequate drug use history.
ecause history of drug use is inconsistently documented in
edical records, a control group with a random selection of

atients from medical records alone would underestimate
he prevalence of drug use. On the other hand, if the entire
ontrol group consists of patients who had urine toxicology

creening, the results would overestimate the prevalence of
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rug use. This is because urine toxicology screening is not
routine test and is performed when there is a clinical

uspicion of drug use. Due to these competing concerns,
pproximately half of the patients in the control group were
ntended to have urine toxicology screening, in addition to

Table 3 Characteristics of Cardiomyopathy Patients (Cases) W

Variable

Cardiomyopathy
methamphetam
n (%)*

Age Group
�30 3 (7.3)
�30 to 40 20 (49)
�40 18 (44)

Sex
Female 15 (37)
Male 26 (63)

BMI (Kg/m2)
Normal (18.5 to �25) 8 (21)
Underweight (�18.5) 1 (2.6)
Overweight (25 to �30) 10 (26)
Obesity (�30) 19 (50)

Race
Caucasian 7 (17)
Asian 11 (27)
Pacific Islander 22 (54)
Other 1 (2.4)

Health insurance (current)
No 10 (24)
Yes 31 (76)

Cigarette smoking
Never 16 (39)
Ever 25 (61)

Alcohol use (excludes social alcohol)
No 30 (73)
Yes 11 (27)

Cocaine use
Never 35 (85)
Ever 6 (15)

Heroin use
Never 39 (95)
Ever 2 (4.9)

Marijuana use
Never 36 (88)
Ever 5 (12)

Diabetes mellitus
No 32 (78)
Yes 9 (22)

Hypertension
No 37 (90)
Yes 4 (10)

Atherosclerotic heart disease
No 40 (98)
Yes 1 (2.4)

Renal failure
No 36 (88)
Yes 5 (12.2)

Urine tested for toxicology†
No 6 (15)
Yes 35 (85)

*Percentages may not add to 100% due to missing values.
†Obtained at any time during the admission
aving left ventricular ejection fraction �55% and absence u
f wall motion abnormalities by echocardiography. Since
ewer cases than controls (38% vs 55%, P�.02) had urine
ested for toxicology during admission, our results likely
nder-estimate the true effect size for methamphetamine
se. It is conceivable that hospitalized methamphetamine

Without Methamphetamine Use

Cardiomyopathy & no
methamphetamine use
n (%)* OR [95% CI]

9 (17) 1.0 Referent
24 (44) 2.5 [0.60-10]
21 (39) 2.6 [0.60-11]

17 (31) 1.0 Referent
37 (69) 0.80 [0.34-1.9]

5 (11) 1.0 Referent
1 (2.2) 0.63 [0.003-12]
9 (20) 0.69 [0.17-2.9]

31 (67) 0.38 [0.11-1.3]

14 (26) 1.0 Referent
16 (30) 1.4 [0.42-4.5]
21 (39) 2.1 [0.71-6.2]
3 (5.6) 0.67 [0.06-7.6]

14 (26) 1.0 Referent
40 (74) 1.1 [0.43-2.8]

37 (69) 1.0 Referent
17 (31) 3.4 [1.5-8.0]

44 (81) 1.0 Referent
10 (19) 1.6 [0.61-4.3]

50 (93) 1.0 Referent
4 (7.4) 2.1 [0.56-8.2]

54 (100) 1.0 Referent
0 –

49 (91) 1.0 Referent
5 (9.3) 1.4 [0.37-5.1]

40 (74) 1.0 Referent
14 (26) 0.80 [0.31-2.1]

46 (85) 1.0 Referent
8 (15) 0.62 [0.17-2.2]

48 (89) 1.0 Referent
6 (11) 0.2 [0.02-1.7]

45 (83) 1.0 Referent
9 (17) 0.69 [0.21-2.3]

19 (35) 1.0 Referent
35 (65) 3.2 [1.1-8.9]
ith and

&
ine use
sers with cardiomyopathy represent patients with more
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evere disease. If so, it would suggest that there are a larger
roportion of non-hospitalized methamphetamine users
ith subclinical cardiomyopathy.
The temporal or cause-effect relationship between meth-

mphetamine exposure and development of cardiomyopa-
hy cannot be determined in a case control study. A pro-
pective cohort or randomized investigation related to
ethamphetamine use has prohibitive costs and logistic

onsiderations, and is challenging due to ethical concerns
nd characteristics of the population studied. Incentives to
ncourage participation in a prospective study, even if
mall, potentially can lead to further drug use.

Our study of young hospitalized patients at a single
edical center may not be generalizable to the population as
whole. The prevalence of methamphetamine use in our

tudy may be higher than the methamphetamine use in the
eneral population. We selected adult patients with age �45
ears for the study because ischemic cardiomyopathy is less
revalent in young patients compared to older patients.
nclusion of all age groups would have increased the gen-
ralizability of the findings but at the cost of a significantly
arger sample size required to identify the fraction of pa-
ients whose cardiomyopathy is potentially related to meth-
mphetamine use. Also, anecdotally, we have observed an
ncrease in heart failure admissions in this age group and
ethamphetamine use has been suspected as a cause.
Our inclusion criteria did not encompass patients with

iastolic dysfunction. Documentation of indices of diastolic
ysfunction was variable during the study period. Nonethe-
ess, our results reflect a general definition of cardiomy-
pathy.

Finally, our findings only applied to the smoked form of
ethamphetamine (“ice”), as this is the most common
ethod of abuse in our study population.

ONCLUSIONS
ur data, if confirmed by other groups under varying de-
ographic and study settings, lend support to the hypothesis

hat methamphetamine use may be a possible cause of
nexplained cardiomyopathy in young patients. This would
rompt obtaining a detailed history of substance use, espe-
ially of methamphetamine, and toxicology screening in
oung patients who present with cardiomyopathy or heart
ailure.

Given its widespread use, the health and socioeconomic
mpact of methamphetamine use on the society is poten-
ially enormous. Future studies are required to better under-
tand the socio-cultural and economic impact of metham-
hetamine abuse and to elucidate the pathophysiologic
echanisms underlying this addictive disease. Future re-

earch into the optimal management strategies of this pre-
entable, potentially reversible, premature form of severe
ardiomyopathy in young patients is important and

mperative.
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