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Abstract

Background and Purpose—Cardiac abnormalities occur commonly after subarachnoid 

hemorrhage (SAH) and may be caused by excessive release of catecholamines from the 

myocardial sympathetic nerves. We hypothesized that adrenoceptor polymorphisms resulting in 

greater catecholamine sensitivity would be associated with an increased risk of cardiac injury.

Methods—This was a prospective cohort study. The primary outcome variables were the serum 

level of cardiac troponin I (cTi, abnormal if >1.0 µg/L) and the left ventricular ejection fraction 

(LVEF, abnormal if <50%). Six adrenoceptor polymorphisms were genotyped: β1AR Arg389Gly, 

β1AR Ser49Gly, β2AR Gly16Arg, β2AR Gln27Glu, β2AR Thr164Ile, and α2AR del322–325. The 

effect of each polymorphism on the risk of developing cardiac abnormalities was quantified using 

multivariable logistic regression.

Results—The study included 182 patients. The CC genotype (Arg/Arg) of β1AR Arg389Gly 

(odds ratio [OR] 3.4, P=0.030) and the CC genotype (Gln/Gln) of β2AR Gln27Glu (OR 3.1, 

P=0.032) were predictive of cTi release. The presence of the α2AR deletion was predictive of 

reduced LVEF (OR 4.2, P=0.023). The combination of the β1AR 389 CC and the β2AR 27 CC 

genotypes resulted in a marked increase in the odds of cTi release (OR 15.5, P=0.012). The 

combination of the β1AR 389 CC and the α2AR deletion genotypes resulted in a marked increase 

in the odds of developing a reduced LVEF (OR 10.3, P=0.033).

Conclusions—Genetic polymorphisms of the adrenoceptors are associated with an increased 

risk of cardiac abnormalities after SAH. These data support the hypothesis that cardiac 

dysfunction after SAH is a form of neurocardiogenic injury.
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Cardiac abnormalities such as myocardial necrosis1,2 and left ventricular (LV) systolic 

dysfunction3,4 are known to occur after subarachnoid hemorrhage (SAH) and are associated 

with adverse neurological outcomes.5,6 The cause of cardiac dysfunction after acute brain 

injury remains controversial, though experimental data indicate that catecholamine toxicity 

is a key mechanism.7,8

It is unknown why only a subgroup of SAH patients develop cardiac abnormalities. Genetic 

polymorphisms of the adrenoceptors have been shown to affect cardiac responsiveness to 

catecholamines9–11 and are associated with adverse cardiovascular outcomes.12,13 The 

hypothesis of this study is that specific adrenoceptor polymorphism genotypes are associated 

with a higher prevalence of cardiac injury and dysfunction after SAH.

Materials and Methods

Subjects

This is a prospective genetics substudy from a cohort of 300 patients. The inclusion criteria 

for the parent cohort study were age over 21 years and a confirmed diagnosis of SAH by 

computed tomography of the head or lumbar puncture. Patients were excluded if they had a 

history of prior myocardial infarction or congestive heart failure. After the first 100 patients 

were enrolled into the parent study, additional approval was obtained from the institutional 

review board (IRB) to bank DNA. Therefore, consent for DNA banking was an additional 

inclusion criterion for the genetics substudy. Consent was obtained from each patient or an 

appropriate surrogate. The patients were enrolled as soon as possible after admission and 

demographic and clinical data were collected.

Measurement of Cardiac Troponin I and Echocardiographic Parameters

On day 1, 3 and 6 after enrollment, serum specimens were collected for measurement of 

cardiac troponin I (cTi; fluorescent enzyme immunoassay, Abbot Diagnostics). The lowest 

detectable level was 0.3 µg/L. In addition, echocardiography was performed on each subject 

on each of the 3 study days, using an Acuson Sequoia 6.0 ultrasound system. All 

echocardiographic analyses were performed off-line (ProSolv) by a blinded observer. Left 

ventricular ejection fraction (LVEF) was measured and regional wall motion abnormalities 

(RWMA) were defined using standard methods.14

Polymorphism Selection and Genotyping

Six adrenoceptor polymorphisms previously reported to be functionally significant were 

chosen for analysis (Table 1). Genomic DNA was extracted from peripheral blood 

lymphocytes using a salt modification method (Gentra Systems). Polymorphisms were 

genotyped by template-directed dye-terminator incorporation assay with fluorescence 

polarization detection (FP-TDI),15 using the AcycloPrime-FP kit (Perkin-Elmer). We used 

published polymerase chain reaction primer sequences for β1AR1165C>G,16 
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β1AR145A>G,17 and α2AR del322–32512 and designed primers for other assays. 

Polymerase chain reaction conditions and primer sequences are shown in supplemental 

Table, available online at http://stroke.ahajournals.org. Genotyping was performed by 

investigators blinded to clinical status.

Statistical Analysis

The primary outcome variables in this study were cTi and LVEF. Because of a skewed 

distribution, cTi was treated as a dichotomous variable and a value >1.0 µg/L on any of the 3 

study days was considered abnormal because this level of myocardial necrosis was 

considered significant for this assay. LVEF was treated as a dichotomous variable and was 

considered abnormal if <50% on any study day. The secondary outcome variables were the 

presence of RWMA on any study day and inpatient mortality.

Each polymorphism was tested for adherence to Hardy-Weinberg equilibrium (HWE) by χ2 

(P<0.05), for the cohort and within each racial group. The prevalence of each outcome was 

quantified according to the genotype of each polymorphism. β-adrenoceptor single-

nucleotide polymorphisms (SNPs) were coded as dichotomous predictor variables (most 

frequent homozygous genotype versus other). Because the α2AR 322 to 325 deletion results 

in enhanced presynaptic release of norepinephrine, this variable was coded as any deletion 

(homozygous OO or heterozygous XO) versus no deletion (XX). Multivariable regression 

models were created to quantify the effect of each polymorphism on the outcomes. The 

cocovariates in these models were age, gender, and race/ethnicity. Multivariable odds ratios 

(OR) based on average effects and probability values were reported.

For each model, we tested for significant (P<0.05) interactions among the predictor 

variables. If there was inadequate sample size to quantify interactions with race, it was 

dichotomized to white versus nonwhite. In cases where individual polymorphisms were 

significantly associated with the cardiac outcomes, additional models were developed to 

measure the effect of the polymorphism in the largest racial group(s).

Finally, the combined effects of adrenoceptor polymorphisms were measured. All genotypes 

shown to be individually predictive of cTi release or a reduced LVEF were included in these 

analyses. Using the approach described above, multivariable regression models were created 

to quantify the combined effect of at-risk genotypes on cTi release and a reduced LVEF.

Results

Subjects

A total of 182 out of 200 eligible patients provided consent for the genetics substudy and 

were enrolled an average of 4.2±3.6 days after SAH symptom onset. The clinical 

characteristics of the cohort are shown in Table 2. There were no statistically significant 

differences in these characteristics between the study cohort and the 122 subjects who were 

not genotyped, except for a lower rate of stimulant drug use (8% versus 17%, χ2 P=0.03). 

Sixteen subjects (9%) died during the hospitalization.
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Cardiac Outcomes

A total of 24 patients (13%) had a peak cTi level >1.0 µg/L. A total of 21 subjects (12%) had 

a LVEF <50%. Forty-six patients (25%) had RWMA. A total of 11 (52%) of the patients 

with a LVEF <50% and 16 (35%) of the patients with RWMA also had a cTi >1.0 µg/L. In 

addition, pulmonary infiltrates were observed on chest x-ray films in 14% of the subjects.

Adrenoceptor Genotypes

Genotypes for the 6 adrenoceptor polymorphisms are shown in Table 2. The β2AR 491C>T 

(Thr164Ile) SNP was very rare (only 1 minor allele carrier) and was not included in the 

analysis. For the cohort as a whole, genotype frequencies for all polymorphisms were 

consistent with HWE, except for the α2AR deletion (P<0.001). This finding was expected 

given the different frequency of the α2AR deletion (O) in different ethnic groups (4% in 

whites versus 22% in nonwhites in this cohort). Within specific race/ethnic groups, all 

polymorphisms were in HWE with 2 exceptions. Specifically, β2AR 79C>G was not in 

HWE in the Latino subgroup (P=0.010) and the α2AR deletion was not in HWE in the Asian 

subgroup (P=0.019).

Adrenoceptor Genotypes and Outcomes

As shown in Table 3, there were significant associations between specific andrenoceptor 

polymorphisms and cardiac outcomes. The CC genotype of β1AR 1165C>G was 

significantly associated with cTi release and RWMA, and there was a borderline association 

with a LVEF <50%. The CC genotype of β2AR 79C>G was associated with cTi release and 

the α2AR deletion was associated with a LVEF <50%. The associations between the CC 

genotypes of β1AR 1165 and β2AR 79 and cTi release were not statistically significant if a 

cutpoint of >0.3 µg/L (indicating any cTi release) was used for the analysis. There were no 

significant associations between any of the adrenoceptor polymorphisms and inpatient 

mortality.

The largest numbers of subjects with CC genotypes of the β1AR 1165C>G and β2AR 79C>G 

SNPs were of white race. Restricting the multivariable analysis of the CC genotype of β1AR 

1165C>G to the white group did not have a large effect on the ORs, though statistical 

significance was reduced in some cases (OR 5.5 and P=0.03 for cTi >1.0 µg/L; OR 5.0 and 

P=0.15 for LVEF <50%; OR 2.7 and P=0.08 for RWMA). Restricting the analysis of the 

CC genotype of β2AR 79C>G to whites resulted in an OR of 2.2 for cTi >1.0 µg/L, P=0.17. 

Excluding only the Latino group, which was not in HWE, from this analysis resulted in an 

OR of 2.9, P=0.044.

The α2AR deletion (≥1 copy) was more prevalent in blacks and Asians (42%) in comparison 

with the other subjects (10%, χ2 P<0.001). Restricting the multivariable analysis of the 

α2AR deletion to the black and Asian groups did not significantly affect the OR for LVEF 

<50% (OR 5.0, P=0.21). Excluding only the Asian group, which was not in HWE, from this 

analysis resulted in an OR of 3.7, P=0.046.

There were no significant interactions in the models predictive of cardiac outcomes, though 

5 interaction terms could not be modeled because of limited sample size.
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The individual and combined effects of the CC genotypes of β1AR 1165C>G and β2AR 

79C>G on the odds of cTi release are shown in Figure 1. Thirty percent of the subjects had 

both CC genotypes and 23% of these individuals had cTi release, versus 2% in the subjects 

with neither at-risk genotype. After adjustment for covariates, patients with both at-risk 

genotypes had an OR of 15.5 for a cTi level >1.0 µg/L in comparison to subjects with 

neither at-risk genotype. As shown in Figure 2, a similar effect on LVEF was observed in 

patients with both the CC genotype of β1AR 1165C>G and the α2AR deletion. Ten percent 

of the subjects had both at-risk genotypes and 19% of these individuals had a LVEF <50%, 

versus 4% in the subjects with neither at-risk genotype. In each model, the interaction 

between the 2 polymorphisms was not significant, implying that their effects are 

independent from each other.

Discussion

This study has identified associations between polymorphisms of the β-1-, β-2-, and α-

adrenoceptors and the presence of cardiac injury and dysfunction after SAH. Polymorphism 

genotypes known to be associated with increased sensitivity to and release of 

catecholamines were associated with a 3- to 4.8-fold increase in the risk of cardiac injury 

and dysfunction. Two genotype combinations, present in 30% and 10% of the patients in 

this study, were associated with 15- and 10-fold increase in the risk of cardiac injury or 

dysfunction, respectively.

The β1-adrenoceptors are positioned at the cell membrane of cardiomyocytes. The C allele 

of β1AR 1165C>G encodes arginine at amino acid 389, whereas the G allele encodes 

glycine. In vitro studies of isoproterenol stimulation showed that the Arg-389 receptors 

produce higher levels of adenylyl cyclase activity in comparison to Gly-389 receptors,9 

resulting in enhanced cardiac sensitivity to catecholamines. For this reason, the association 

between the CC genotype and cardiac injury and dysfunction in the present study is 

consistent with the hypothesis that SAH results in catecholamine-mediated cardiotoxicity.

The α2-adrenoceptors regulate the release of norepinephrine from cardiac sympathetic 

nerves.18 The α2AR del322–325 four-amino acid deletion results in a loss of normal 

synaptic autoinhibitory feedback and enhanced presynaptic release of norepinephrine.19 For 

this reason, the finding that patients with SAH and the α2AR deletion are more likely to 

have impaired LV contractile function also supports the catecholamine cardiotoxicity 

hypothesis.

It has previously been shown that patients who are homozygous for both the CC genotype of 

β1AR 1165C>G and the α2AR deletion have an increased risk of congestive heart failure.12 

Our findings in the SAH population are consistent with this report. Specifically, patients 

with the β1AR 1165CC genotype who were either homozygous or heterozygous for the 

α2AR deletion were 10 times more likely to have a LVEF <50% in comparison to patients 

with neither at-risk genotype.

β-2 adrenoceptors are also present in human myocardium, and their stimulation by 

catecholamines appears to lead to complicated downstream effects.20–22 The CC genotype 
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of β2AR 79C>G has previously been associated with an increased risk of adverse 

cardiovascular events in an elderly population.13

Our study has limitations, the most important of which is its relatively small sample size and 

statistical power. For this reason, the CIs around the ORs are relatively large. Our findings 

should be confirmed in a larger, independent cohort. We did not perform a Bonferroni 

correction because there were a priori reasons for treating the polymorphisms independently 

based on their pathophysiologic mechanisms (Table 1). Also, the at-risk genotypes have 

additive and independent effects on the odds of developing myocardial necrosis or LV 

contractile dysfunction. Although the study’s results were adjusted for self-reported race/

ethnicity, it remains possible that underlying population stratification could contribute to the 

findings. However, restricting the analyses to the largest racial groups and excluding the 

groups not in HWE did not have large effects on the ORs. Because of the small percentage 

of Hunt & Hess Grade V patients in the cohort, the results may not be generalizable to 

patients with severe SAH.

There are clinical implications to the present study. First, there is increasing evidence that 

cardiac injury and dysfunction occurring after SAH may contribute to poor outcomes. A 

previous study by Mayer and colleagues showed that a reduced cardiac index was associated 

with an increased risk of symptomatic cerebral vasospasm/DIND.5 Recently, an elevated 

level of cTi has been associated with poor neurological outcomes, after adjusting for clinical 

factors.6

The results also provide a rationale for future research exploring the potential 

cardioprotective benefits of adrenergic blockade in SAH patients. Because it is likely that 

genotyping of specific polymorphisms will become clinically available in the future, it may 

be feasible to treat selected at-risk individuals using a pharmacogenetic approach.

In conclusion, genetic polymorphisms which modulate the catecholamine sensitivity of the 

adrenoceptors are associated with an increased risk of cardiac injury and dysfunction after 

SAH. Specific combinations of adrenoceptor SNP genotypes result in a 10- to 15-fold 

increase in the odds of developing myocardial necrosis and LV contractile dysfunction after 

SAH. These data provide novel evidence for the hypothesis that neurocardiogenic injury 

occurs in humans with SAH.
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Figure 1. 
Combined effects of adrenoceptor genotypes on release of cTi. *See Table 3 for statistics; 

†logistic regression OR, P=0.012, 95% CI, 1.8 to 131.7.
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Figure 2. 
Combined effects of adrenoceptor genotypes on reduced LVEF. *See Table 3 for statistics; 

†logistic regression OR, P=0.033, 95% CI, 1.2 to 87.4.
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TABLE 2

Characteristics and Genotype Frequency for the Study Population

Patients, n 182

Age, mean±SD 56±13

Female, n (%) 130 (71)

Race/Ethnicity, n (%)

  White 116 (64)

  Latino 28 (15)

  Asian 22 (12)

  Black 14 (8)

  Pacific Islander 2 (1)

Admission Hunt & Hess grade,29 n (%)

  I 72 (40)

  II 24 (13)

  III 52 (29)

  IV 26 (15)

  V 5 (3)

Risk factors for coronary artery disease, n (%)

  History of hypertension 76 (42)

  History of diabetes 9 (5)

  History of hyperlipidemia 20 (11)

  History of smoking 71 (39)

  Family history of coronary artery disease 17 (9)

  History of amphetamine/cocaine use, n (%) 14 (8)

  History of coronary artery disease, n (%) 9 (5)

β1AR1165C>G (Arg389Gly) genotype, n (%)

  CC 95 (57)

  CG 65 (39)

  GG 7 (4)

β1AR145A>G (Ser49Gly) genotype, n (%)

  AA 125 (79)

  AG 32 (20)

  GG 2 (1)

β2AR46G>A (Gly16Arg) genotype, n (%)

  GG 64 (39)

  AG 70 (42)

  AA 31 (19)

β2AR79C>G (Gln27Glu) genotype, n (%)

  CC 79 (46)

  CG 68 (40)

  GG 24 (14)

α2AR del322–325 (X=insertion, O=deletion), n (%)
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  XX 135 (83)

  XO 21 (13)

  OO 6 (4)
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