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Abstract
Cardiovascular reactivity to stress and α-adrenergic receptor (α-AR) function may contribute to
the development of hypertension. As Black Americans have an increased risk of hypertension, we
evaluated associations between α1A-AR (Arg492Cys), α2A-AR (−1291C/G), and α2B-AR (Ins/
Del301-303) gene variants and cardiovascular reactivity in 500 normotensive Black youth. Heart
rate, preejection period, total peripheral resistance, and blood pressure were measured during cold
and psychological stress. The Arg492Cys polymorphism in the α1A-AR gene was associated with
heart rate reactivity to stress, but the association depended on sex. The −1291C/G promoter
polymorphism in the α2A-AR gene was associated with vascular reactivity to stress;
vasoconstriction increased as a linear function of the number of copies of the variant G allele.
Thus, specific associations emerged between genetic variations in α-ARs and cardiovascular
reactivity in young Blacks.
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The prevalence of hypertension is greater in Black/African Americans than in other ethnic
groups in the United States (Ong, Cheung, Man, Lau, & Lam, 2007). Cardiovascular
reactivity to stress may contribute to this increased risk among Blacks (Anderson, 1989).
Prior research has shown that cardiovascular responses to cold stress and psychological
stress are greater in Blacks than in Whites (Anderson, 1989; Kelsey, Alpert, Patterson, &
Barnard, 2000; Murphy, Alpert, & Walker, 1992; Saab et al., 1992; Sherwood, May, Siegel,
& Blumenthal, 1995; Stein, Lang, Singh, He, & Wood, 2000; Taherzadeh, Brewster, van
Montfrans, & VanBavel, 2010; Treiber et al., 1990). These cardiovascular responses are
reliable (Kamarck, 1992; Kelsey, Ornduff, & Alpert, 2007; McGrath & O’Brien, 2001;
Swain & Suls, 1996) and heritable (De Geus, Kupper, Boomsma, & Snieder, 2007; Snieder
et al., 2002), and predict future elevations in resting blood pressure (BP) and the
development of hypertension later in life (Chida & Steptoe, 2010; Kelsey, 2004; Matthews
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et al., 2004; Treiber et al., 2003). The heritability of cardiovascular responses to stress and
their association with the development of hypertension indicate that these responses can be
used as intermediate phenotypes for investigating genetic contributions to cardiovascular
risk. Furthermore, given that cardiovascular reactivity to stress is defined as a change in
cardiovascular function evoked by an environmental stressor, genetic studies of
cardiovascular reactivity to stress are inherently investigations of gene-environment
interaction effects.

Different types of stressors tend to elicit different patterns of cardiovascular reactivity
(Kamarck & Lovallo, 2003; Kasprowicz, Manuck, Malkoff, & Krantz, 1990; Obrist, 1981;
Saab et al., 1992; Sherwood, Dolan, & Light, 1990). Stressors that involve effortful active
coping (e.g., mental arithmetic, video games) tend to elicit stronger cardiac responses,
whereas stressors that involve passive coping or cold exposure tend to elicit stronger
vasoconstrictive responses. Nonetheless, there are significant individual differences in the
magnitude and pattern of cardiovascular responses that cut across different stressors.
Regardless of the type of stressor, some individuals are characteristically hyper-reactive
whereas others are characteristically hypo-reactive, and some are primarily cardiac reactors
whereas others are primarily vascular reactors (Kamarck & Lovallo, 2003; Kasprowicz et
al., 1990; Obrist, 1981; Saab et al., 1992; Sherwood, Dolan et al., 1990). These individual
differences are an important prerequisite for using cardiovascular reactivity as a marker for
hypertensive risk because only a portion of the population develops hypertension.

The sympathetic nervous system (SNS) plays a key role in regulating BP and cardiovascular
reactivity to stress. The SNS response to stress includes the release of norepinephrine (NE)
and epinephrine (EPI), which stimulate α- and β-adrenergic receptors (ARs) in the heart and
vasculature to alter cardiovascular function and BP. Several lines of evidence implicate
excessive adrenergic activation in the pathophysiology of hypertension, including altered
AR function in borderline and established hypertension (Michel, Brodde, & Insel, 1990;
Sherwood & Hinderliter, 1993), the effectiveness of AR antagonists as antihypertensive
medications (Flamenbaum et al., 1985; Veelken & Schmieder, 1996), and increased
adrenergic reactivity to stress in hypertensive or high-risk normotensive subjects (Julius &
Nesbitt, 1996; Noll et al., 1996; Sherwood, Hinderliter, & Light, 1995; Stein et al., 2000;
Taherzadeh et al., 2010). Consistent with this evidence and with the elevated risk of
hypertension in Blacks, research has shown that α-adrenergic vasoconstrictive reactivity
tends to be greater in Blacks than in Whites (Kelsey, Alpert, et al., 2000; Saab et al., 1992;
Sherwood & Hinderliter, 1993; Sherwood, May, et al., 1995; Stein et al., 2000; Taherzadeh
et al., 2010; Treiber et al., 1990). Therefore, we evaluated associations between α-AR gene
polymorphisms and cardiovascular reactivity to stress in Black adolescents and young
adults. We focused on this young population with an increased risk for developing
hypertension because our aim was to identify genetic variation associated with the initiation
and evolution of the disease, rather than with the sustained or secondary effects of
established hypertension.

Six distinct α-AR subtypes have been identified in the central nervous system and the SNS
(Dorn, 2010; Flordellis, Manolis, Scheinin, & Paris, 2004; Kanagy, 2005; Kirstein & Insel,
2004; Michelotti, Price, & Schwinn, 2000; Vargas & Gorman, 1995), including three α1-AR
subtypes (α1A, α1B, and α1D) and three α2-AR subtypes (α2A, α2B, and α2C). The three α1-
AR subtypes regulate BP, peripheral vasoconstriction, and aspects of cardiac function
(Kirstein & Insel, 2004; Michelotti et al., 2000; Vargas & Gorman, 1995). The α1A-AR is
the predominant α1-AR subtype involved in cardiovascular regulation and vasoconstrictive
reactivity to stress (Michelotti et al., 2000; Vargas & Gorman, 1995). The α2A-AR occurs
primarily at presynaptic sites on central and peripheral sympathetic nerves where it inhibits
the release of NE, thereby reducing peripheral vasoconstriction and BP (Flordellis et al.,

Kelsey et al. Page 2

Psychophysiology. Author manuscript; available in PMC 2013 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2004; Kanagy, 2005; Kirstein & Insel, 2004). The α2B-AR occurs primarily at postsynaptic
arterial sites where it regulates vasoconstriction and BP (Flordellis et al., 2004; Kanagy,
2005; Kirstein & Insel, 2004). The α2C-AR is located postsynaptically in cutaneous
arterioles where it promotes vasoconstriction, and presynaptically on peripheral sympathetic
nerves where it reduces the release of NE (Flordellis et al., 2004; Kanagy, 2005; Kirstein &
Insel, 2004); it is thought to play a lesser role in hemodynamic regulation than the other α2-
AR subtypes (Flordellis et al., 2004). Moreover, the presynaptic inhibitory effects of the
α2A-AR are most pronounced at high NE concentrations, whereas those of the α2C-AR are
most apparent at low NE concentrations; thus, the α2A-AR is likely to be more important
than the α2C-AR in modulating NE release and cardiovascular function during stress (Hein,
Altman, & Kobilka, 1999). Hence, the α1A-AR, the α2A-AR, and the α2B-AR are the main α-
ARs involved in hemodynamic regulation, especially during stress.

Several genome-wide association studies have implicated single nucleotide polymorphisms
(SNPs) at or near α-AR genes in blood pressure and electrocardiographic variation (Newton-
Cheh et al., 2007; Sober et al., 2009; Wang et al., 2009). Genetic variation is present in the
α1A-AR, the α2A-AR, and the α2B-AR, and may contribute to variability in cardiovascular
reactivity to stress. Relatively well-characterized, common polymorphisms in these α-AR
genes have been identified in individuals of African descent (Dorn, 2010; Flordellis et al.,
2004; Kirstein & Insel, 2004; Small, McGraw, & Liggett, 2003), including: (a) a
nonsynonymous SNP in the α1A-AR gene (ADRA1A, located in chromosomal region
8p21.2), resulting in either arginine (Arg) or cysteine (Cys) at codon 492 (Arg492Cys, also
known as Arg347Cys, rs1048101); (b) a promoter SNP (−1291C/G, rs1800544) in the α2A-
AR gene (ADRA2A, located in 10q25.2); (c) an insertion/deletion polymorphism in the α2B-
AR gene (ADRA2B, located in 2q11.2), resulting in the presence or absence of 3 glutamic
acids at amino acid positions 301–303 (Ins/Del301-303, rs29000568) in the third
intracellular loop of the receptor. These three polymorphisms have received considerable
attention in the biomedical literature because of their common occurrence and reported
associations with cardiovascular, other physiological, or pharmacological variability (Dorn
2010; Fava et al., 2009; Flordellis et al., 2004; Freitas, Pereira, Floriano, Mill, & Krieger,
2008; Gu et al., 2006; Heinonen et al., 2002; Iacoviello et al., 2006; Jiang et al., 2005;
Kirstein & Insel, 2004; Kurnik et al., 2006; Ohlin, Berglund, Nilsson, & Melander, 2007;
Rana et al., 2007; Rosmond, Bouchard, & Björntorp, 2002; Rosskopf & Michel, 2008;
Small, Brown, Forbes, & Liggett, 2001; Small et al., 2003; Snapir et al., 2003; Suzuki et al.,
2003; Ueno et al., 2006; Vasudevan, Ismail, Stanslas, Shamsudin, & Ali, 2008; Zhang et al.,
2005). Importantly, there are marked population-specific differences in allelic frequencies of
these polymorphisms, with allelic frequencies in Blacks differing from those in Whites
(Belfer et al., 2005; Dorn, 2010; Flordellis et al., 2004; Kirstein & Insel, 2004; Rosskopf &
Michel, 2008; Small et al., 2003). Previous research on the effects of variation in these
receptors has largely focused on Whites, but it is critically important to understand how
these variants affect hypertensive risk in Blacks.

To address this need, we evaluated associations between these three genetic polymorphisms
and cardiovascular reactivity to stress in healthy, normotensive Black adolescents and young
adults. Only two previous studies have evaluated genetic variation in α-ARs and
cardiovascular reactivity to stress (Wu, Snieder, & de Geus, 2010). McCaffery and
colleagues (McCaffery, Pogue-Geil, Ferrell, Petro, & Manuck, 2002) studied
polymorphisms in the α1B-AR and the α2A-AR in association with BP and heart rate (HR)
reactivity to mental challenge in young European-American men and women (N = 309).
They found no significant associations between genetic variants in these receptors and
cardiovascular reactivity. Kurnik et al. (2008) studied associations between a common α2C-
AR deletion polymorphism and BP and HR reactivity to the cold pressor test in a sample of
Blacks (n = 40) and Whites (n = 39). They found that the deletion variant in the α2C-AR
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gene was associated with increased HR reactivity to cold stress, and that this polymorphism
largely accounted for an observed racial difference in HR reactivity. Neither of these studies
evaluated genetic associations with measures of cardiovascular reactivity other than BP or
HR. Moreover, to date, there has been no study of α1A-AR or α2B-AR gene polymorphisms
and cardiovascular reactivity to stress, nor has there been any study of α2A-AR gene
polymorphisms and cardiovascular reactivity to stress in Blacks. The present study
addressed these gaps in the literature.

There is a growing awareness of the importance of considering sex differences in genetic
associations with disease-related traits, especially for diseases such as hypertension with
characteristic sex differences in prevalence and age of onset (Mendelsohn & Karas, 2005;
Padmanabhan et al., 2010; Rana et al., 2007; Seda et al., 2008; Weiss, Pan, Abney, & Ober,
2006). There are considerable sex differences in α-AR stimulation affecting blood pressure
and cardiovascular reactivity (Bowyer, Brown, & Jones, 2001; Freedman, Sabharwal, &
Desai, 1987; Kneale, Chowienczyk, Brett, Coltart, & Ritter, 2003; Schmitt, Joyner,
Charkoudian, Wallin, & Hart, 2010). Recent studies have reported significant sex-specific
associations of α1A-AR and α2A-AR gene polymorphisms with BP levels (Padmanabhan et
al., 2010; Rana et al., 2007) and stress hormones (Haefner et al., 2008). Accordingly, we
included both sex and genotype as independent variables in our analyses to determine
whether there were any sex differences in associations between α-AR gene polymorphisms
and cardiovascular reactivity to stress.

Methods
Participants

Normotensive, unrelated Black adolescents and young adults (N = 535; 267 females, 268
males; age 15 to 21 yrs) were recruited from the Memphis, Tennessee area between
February 2004 and January 2008. All participants identified themselves as “Black or
African-American” in response to a census-style ethnic self-identification question from the
Multigroup Ethnic Identity Measure (Phinney, 1992). Potential participants who reported a
significant medical condition or the use of any medication that would affect BP or
cardiovascular responses were excluded from the study. All participants were asked to
refrain from eating for at least 2 h before testing, and from smoking, drinking beverages
containing caffeine or alcohol, or taking any medication or drugs for at least 8 h before
testing. Informed consent was obtained from each young adult, and assent and informed
consent were obtained from each adolescent and a parent or legally authorized
representative. The Institutional Review Board of the University of Tennessee Health
Science Center approved the protocol, and all procedures conformed to institutional
guidelines. Each participant received $100 for participating.

Data from 35 participants were excluded. Three participants were excluded for health
reasons (one with significant cardiac arrhythmia, one with hypertensive resting BP, and one
with acute gastric distress); six were excluded for failure to comply with pre-experimental
instructions; eleven were excluded due to equipment failure; fifteen were excluded because
of poor signal quality of cardiovascular recordings. Thus, the final sample included 500
participants (254 females, 246 males).

Apparatus and Measures
The study was conducted in the cardiovascular laboratory at the University of Tennessee
General Clinical Research Center. The laboratory had a central equipment/control room, an
adjoining participant testing room (approximately 3× 2 × 2.5 m, maintained at a temperature
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of 22°C), and an adjoining cold chamber (approximately 2 × 1.5 × 2.5 m, maintained at a
temperature of 9°C to 12°C).

Psychological Stressors—Participants completed two mental arithmetic (MA) tasks
and a video game (VG) task. For the MA tasks, participants counted backward aloud by
steps of 7 from a 4-digit number for 5 min. A 5-min rest period separated the two tasks, and
performance during the second task was overtly videotaped to increase evaluative threat.
The pre-recorded instructions, procedures, and equipment have been described in detail
elsewhere (Kelsey et al., 2007; Kelsey, Soderlund, & Arthur, 2004). For the VG task,
participants played three 1-min games of “Centipede” (Atari) on a handheld device (Game
Boy, Nintendo; Kelsey et al., 2007). As in previous studies (Kelsey et al., 2007; Murphy et
al., 1992), the games progressed through three levels of challenge: for the first game,
participants were instructed to see how well they could do; for the second game, they were
instructed to try harder and improve their scores; for the third game, they were instructed to
try harder and exceed their previous scores to win a monetary reward.

Cold Stressors—Participants were exposed to forehead cold pressor (CP) and whole-
body cold exposure (CE). For CP, participants sat upright in a comfortable chair with their
heads tilted back while the experimenter applied a plastic bag containing crushed ice and
water (approximately 3°C to 4°C) to their foreheads for 3 min (Kelsey et al., 2007; Treiber
et al., 1990). For CE, participants sat upright in a comfortable chair in a cold chamber for 10
min (Kelsey, Alpert, et al., 2000). A refrigerated ventilation system maintained the cold
chamber at a temperature of 9°C to 12°C (50% to 60% humidity). Participants were
instructed to sit quietly and remain awake, and were observed continuously through an
observation window.

Cardiovascular Measures—Systolic BP (SBP, mmHg), diastolic BP (DBP, mmHg),
and mean arterial pressure (MAP, mmHg) were measured once per minute from the brachial
artery region of the non-dominant arm using a cuff of appropriate size and an automated
oscillometric BP monitor (model 9300 OscilloMate, CAS Medical Systems, Inc., Branford,
CT; Alpert, 1996). Heart rate (HR, bpm), preejection period (PEP, ms), and cardiac output
(CO, L/min) were measured continuously with a standard tetrapolar band-electrode system
and an HIC-2000 Impedance Cardiograph (model 2000, Bio-Impedance Technology, Inc.,
Chapel Hill, NC) according to established guidelines (Sherwood, Allen, et al., 1990).
Impedance cardiographic data were acquired and scored with commercial software (COP-
Win 6.2, Bio-Impedance Technology, Inc.). As in previous studies (Kelsey et al., 1998;
Kelsey et al., 2004; Kelsey et al., 2007), HR was measured using the internal
electrocardiographic signal from the impedance cardiograph, and PEP was measured as the
interval between the peak of the electrocardiographic R-wave and the B-point of the
impedance cardiographic dZ/dt waveform. Total peripheral resistance (TPR, dynes/cm5) was
derived from concurrent measures of CO and MAP, using the formula TPR = (MAP/CO) ×
80 (Sherwood, Allen, et al., 1990). Prior research has established the reliability and validity
of these cardiovascular measures (Berntson et al., 1994; Kelsey et al., 1998; Kelsey et al.,
2007; Mezzacappa, Kelsey, & Katkin, 1999; Sherwood, Allen, et al., 1990; also see Results
below for reliability data).

Stress Appraisals—Participants rated their experience of stress immediately after each
stressor by answering five stress appraisal questions (Kelsey, Blascovich, et al., 2000): (a)
“How stressful was the task you just completed?”; (b) “How threatening was the task you
just completed?”; (c) “How demanding was the task you just completed?”; (d) “How well
were you able to cope with the task?”; (e) “How well do you think you performed the task?”
Each item included an appropriately anchored 7-point Likert-type scale, ranging from “not

Kelsey et al. Page 5

Psychophysiology. Author manuscript; available in PMC 2013 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



at all” to “extremely”. The fourth and fifth items were reverse scored and the five items were
summed to create a stress appraisal scale for each task (Kelsey, Blascovich, et al., 2000),
with scores ranging from 5 (not at all stressful) to 35 (extremely stressful). Our previous
research has shown that these stress appraisals are reliable and sensitive to the effects of task
repetition and evaluative threat (Kelsey, Blascovich, et al., 2000; Kelsey et al., 2004).

Experimental Procedure
After informed consent and assent were obtained, each participant provided a buccal swab
sample for genetic analysis and then removed garments from the upper body and put on a
hospital gown. A standard hospital balance beam scale and stadiometer were used to
measure each participant’s weight (in kg) and height (in cm) for the calculation of body
mass index (BMI, kg/m2). The experimenter administered a battery of psychosocial (data
not reported) and demographic questionnaires, and then connected the participant to the
cardiovascular recording devices.

Participants sat quietly in a comfortable chair for a 10-min baseline rest period before each
stress task; cardiovascular data were recorded during the last 3 min of each baseline period.
Previous research has demonstrated that a 10-min rest period is sufficient to establish a
stable cardiovascular baseline (Jennings, Kamarck, Stewart, Eddy, & Johnson, 1992; Kelsey
et al., 1999; Murphy, Alpert, & Walker, 1994). The MA, VG, and CP tasks were presented
in counterbalanced order; cardiovascular data were recorded during each minute of each
task. After completing these tasks, participants rested for an additional 10-min baseline
period and then were seated in the cold chamber. Cardiovascular measures were recorded
during the last 3 min of the baseline period and each min of CE. Following CE, the
cardiovascular recording devices were removed and any remaining questions by the
participant and/or parent were answered.

DNA Extraction
Buccal swabs were stored at −20°C until extraction. DNA was extracted from the buccal
swabs using the Epicentre MasterAmp Buccal Swab DNA Extraction kit (MB79015,
Epicentre Biotechnologies, Madison, WI) and stored at −80°C.

SNP Genotyping Assays
All genotypic analysis was performed blind with respect to phenotypic data. All assays
included DNA samples with known genotypes as controls. At least 10% of the samples were
analyzed a second time for each polymorphism and each gave an identical result, thus
confirming reproducibility. For the α1A- and α2A-AR SNPs, DNA samples were initially
genotyped using PCR amplification and gel electrophoresis, but as new technology became
available during the course of the study DNA samples were subsequently genotyped using
Taqman SNP Genotyping assays (Applied Biosystems, Foster City, CA). For the α2B-AR
polymorphism, all DNA samples were genotyped by PCR amplification and gel
electrophoresis. For assays using PCR amplification and gel electrophoresis, two researchers
independently assessed the results from the analyses and assigned genotypes. For the α1A-
and α2A-AR SNPs, a subset of samples was assayed using both methods and the results were
identical for each SNP, thus verifying the equivalence of the methods.

Assay of the α1A-AR Polymorphism—The α1A-AR SNP (rs1048101) resulting in an
Arg or Cys at amino acid position 492 was assayed using either the Taqman Assay (N =
195) or by PCR amplification and restriction digestion (N = 305) as described previously
(Shibata et al., 1996). There were two genotyping failures, leaving N = 498 for this SNP.
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Assay of the α2A-AR Polymorphism—The α2A-AR SNP at nucleotide position −1291
(rs1800544) was assayed using either the Taqman Assay (N = 194) or PCR amplification
and restriction digestion (N = 306), as reported previously with some modification (Lario et
al., 1997). Briefly, the following primers were used for the PCR:
5′TCACACCGGAGGTTACTTCCCTCG3′ and 5′GAGACTTAAAGAGGGAGCCCG3′.
The conditions for PCR were: 94°C for 5 min and then 35 cycles of 94°C for 30 sec, 60°C
for 1 min, and 72°C for 1 min. The PCR products were digested with MspI and analyzed by
electrophoresis on a 3% Nusieve gel stained with ethidium bromide.

Assay of the α2B-AR Polymorphism—The insertion/deletion polymorphism resulting
in 9 or 12 Glu residues in the α2B-AR (rs29000568) was assayed using a strategy similar to
that reported previously, which examined the size of the PCR product after amplification of
the region containing the polymorphism (Small et al., 2001). Briefly, the following primers
were used for the PCR: 5′GCATCTCCAGAGGATGAAGC3′ and
5′AGACACTGGCACTGCCTGG3′. The conditions for PCR were: 95°C for 2 min and then
35 cycles of 95°C for 15 sec, 60°C for 30 sec, and 72°C for 45 sec. The sizes of the PCR
products were determined by electrophoresis on a 10% polyacrylamide gel. There were five
genotyping failures, leaving N = 495 for this SNP.

Data Processing and Analysis
The genetic data were analyzed using SAS/GENETICS v.9.2 (SAS inc., Cary, NC) and the
genhwi routine of StataSE 9 (StataCorp, College Station, TX; Cleves, 1999). The three
polymorphisms were tested for deviation from Hardy-Weinberg equilibrium using both χ2

and permutation exact tests.

Cardiovascular data were averaged over the last 3 min of each 10-min baseline rest period to
compute baseline means, and over all minutes of each stress task period to compute stressor
means. Reactivity was evaluated for HR, PEP, TPR, SBP, and DBP by subtracting the
means for each pre-stress baseline rest period from the means for each corresponding stress
task period. Focusing on these five measures served to minimize the number of statistical
tests while still providing broad coverage of adrenergically mediated cardiovascular
reactivity.

Measures of cardiovascular reactivity were analyzed in a mixed factorial design using
multivariate analysis of covariance (MANCOVA) for repeated measures. The between-
subjects factors were sex (2 levels) and genotype (2 or 3 levels, depending on the frequency
distribution for each polymorphism, as indicated below), and the within-subjects factor was
stress task period (4 levels, one for each stressor). Note that this design is truly multivariate
only for tests involving the within-subjects factor (i.e., the main effect of stress task period
and interactions involving this factor); tests of the sex and genotype main effects and the sex
× genotype interaction effect are actually univariate, as they involve reactivity averaged over
all stressors (i.e., the grand mean). Covariates included age, BMI, and two dummy-coded
variables for stress task order (MA first and VG first). Age and BMI are commonly used as
covariates in genetic studies of cardiovascular function (e.g., Iacoviello et al., 2006;
Padmanabhan et al., 2010; Rana et al., 2007) and reactivity (e.g., Kurnik et al., 2008;
McCaffery et al., 2002). We included covariates for task order because previous research
has shown that prior exposure to similar psychological stressors attenuates subsequent
cardiovascular reactivity to stress (Kelsey et al., 1999; Kelsey, Blascovich, et al., 2000;
Kelsey et al., 2004). Comparable analyses were conducted for pre-stress baseline levels,
using a sex x genotype x baseline period mixed factorial design.

A family-wise Type I error rate of 5% was preserved for these analyses by using a modified
hierarchical Bonferroni adjustment procedure (Simes, 1986). Adjusting for significance tests
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over five cardiovascular measures and three SNPs resulted in an initial adjusted α = .00333,
with subsequent α-levels increasing by integer multiples of two (i.e., α = .00667) through
fifteen (i.e., α = .05). Significant interaction effects were evaluated further in simple effects
analyses using MANCOVA techniques. Effect sizes were estimated using partial eta squared
(η2).

The biological role of each of the α-AR polymorphisms was assessed through bioinformatics
data mining using the UCSC Genome Browser (Fujita et al., 2011), SNPedia (by M.
Cariaso, unpublished; http://www.snpedia.com/), PharmGKB (Thorn, Klein, & Altman,
2010), IHOP (Hoffman & Valencia, 2004), and Varietas (Paananen, Ciszek, & Wong, 2010)
online databases and resources, and by searches of the biomedical literature in PubMed.

Results
Table 1 presents means and standard deviations (SD) for age, BMI, overall cardiovascular
baseline levels (i.e., mean levels over all baseline rest periods), overall cardiovascular
reactivity scores (i.e., mean changes over all stress task periods), and overall stress appraisal
scores for males and females. The cardiovascular baseline and reactivity measures were
highly stable, as indicated by intraclass correlation coefficients (ICCs) based on an absolute
agreement definition (Shrout & Fleiss, 1979); these ICCs ranged from .98 to .99 for resting
levels over all baseline minutes and from .84 to .89 for reactivity scores over all stress task
minutes. The 5-item stress appraisal scales also were reliable, with internal consistency
coefficients (Cronbach’s α) ranging from .65 to .80. All measures of overall cardiovascular
reactivity differed significantly from baseline and overall stress appraisals exceeded the
minimum level for both sexes, all p < .0005.

There were no significant sex differences in age or BMI. Preliminary tests for sex
differences in overall cardiovascular baseline levels and overall cardiovascular reactivity
were conducted using analysis of covariance with sex as the between-subjects factor and
age, BMI, and stress task order as covariates. As expected, males had lower resting HR,
longer resting PEP, and higher resting SBP as compared to females, all p < .0005.
Significant covariate effects on baseline levels occurred for age (higher TPR, SBP, and DBP
levels with increasing age, all p < .03), BMI (longer PEP and higher SBP and DBP levels
with increasing BMI, all p < .03), and task order (higher SBP levels with MA first, p < .01).
During stress, males showed larger overall increases in TPR, SBP, and DBP, and smaller
overall increases in HR, as compared to females, all p < .008. Significant covariate effects
on reactivity occurred for age (greater increases in HR and SBP, and smaller increases in
TPR with increasing age, all p < .05) and task order (greater increases in HR and SBP with
VG first, both p < .03). Similar analyses of stress appraisals showed higher overall ratings
by females than males, p < .02. The only significant covariate effect for stress appraisals
involved task order (higher stress appraisals with either MA or VG first, both p < .008).

Genetic Association Analyses
The genotype counts and minor allele frequencies of the three α-AR polymorphisms are
shown in Table 2. All of the polymorphisms were in Hardy-Weinberg equilibrium, p = .29
to .77. Given the genotype frequency distributions, association analyses for the insertion/
deletion polymorphism in ADRA2B compared homozygotes for the major allele to carriers
of the minor allele, whereas analyses for the Arg492Cys SNP in ADRA1A and the promoter
SNP in ADRA2A compared all three genotypes. There were no significant associations
between any of the α-AR polymorphisms and cardiovascular baseline levels, or between the
α2B-AR polymorphism and cardiovascular reactivity to stress. However, there were
significant associations between the α1A-AR and α2A-AR SNPs and specific measures of
cardiovascular reactivity to stress (Table 3).1
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The Arg492Cys SNP in the α1A-AR was associated with overall HR reactivity, although the
association depended on sex, as indicated by a significant sex x genotype interaction effect,
F(2, 488) = 6.46, MSE = 44.52, p < .002, η2 = .026 (Table 3). Figure 1 depicts the means
and standard errors (SEM) pertaining to this effect. Simple effects analyses revealed a
significant effect of genotype on HR reactivity for males, F(2, 488) = 5.43, p < .005, η2 = .
022, but not for females, F(2, 488) = 2.07, p > .12, η2 = .008. Subsequent pairwise
comparisons indicated that the effect for males was limited to a significant difference in HR
reactivity between those who were homozygous for the Arg492 allele and those who were
heterozygous, p < .002. However, as indicated in the figure, the sex x genotype interaction
effect was primarily attributable to a significant difference in HR reactivity between males
and females who were homozygous for the Arg492 allele, F(1, 488) = 31.17, p < .0005, η2

= .060; the overall increase in HR during stress was significantly greater for Arg492/Arg492
females than for males of the same genotype. There were no significant differences in HR
reactivity between males and females who carried the other two genotypes (both p > .20).
The Arg492Cys SNP also tended to be associated with TPR reactivity, as indicated by a
marginally significant sex x genotype x stressor interaction effect, Wilks’ Λ = .971,
multivariate F(6, 972) = 2.38, p < .028, η2 = .014 (Table 3). This effect arose primarily from
a sex x genotype interaction for vasoconstrictive reactivity during CP, F(2, 488) = 3.71, p < .
025, η2 = .015; the increase in TPR during CP tended to be relatively diminished in Cys492/
Cys492 males (Mean ± SEM = 14.5 ± 39.4 dyne-s/cm5) but relatively enhanced in Cys492/
Cys492 females (Mean ± SEM = 103.0 ± 34.6 dyne-s/cm5).

The −1291C/G promoter SNP in the α2A-AR was associated with overall TPR reactivity, as
indicated by a significant genotype main effect, F(2, 490) = 6.30, MSE = 34494.9, p < .002,
η2 = .025 (Table3). Vasoconstrictive reactivity during stress increased as a linear function of
the number of copies of the G allele (Table 4), F(1, 490) = 12.58, p < .001, η2 = .025. A
marginally significant sex x genotype x stressor interaction effect suggested that this linear
allelic association tended to be stronger during MA for males and during CP for females,
Wilks’ Λ = .974, multivariate F(6, 976) = 2.14, p < .047, η2 = .013 (Table 3; data not
shown). Finally, there was a marginally significant main effect of this promoter SNP on
overall DBP reactivity, F(2, 490) = 3.40, MSE = 45.83, p < .034, η2 = .014 (Table 3).
Echoing the effect for TPR reactivity, DBP reactivity tended to increase as a linear function
of the number of copies of the G allele (Table 4), F(1, 490) = 6.73, p < .01, η2 = .014.

Secondary Analyses
We conducted secondary analyses of potential confounding factors that might have
contributed to the observed genetic associations with cardiovascular reactivity to stress.

Hormonal Status—We collected self-reported information from our female participants
about the date of the last menses and the use of oral contraceptives (Slauterbeck et al., 2002;
Wegienka & Baird, 2005), so we were able to evaluate whether menstrual cycle phase or
birth control medication contributed to sex differences in genetic associations with
cardiovascular reactivity. Information on the date of the last menses was missing for 32
females, while information on the use of oral contraceptives was missing for one female.
Analyses comparing males to females in the follicular phase (cycle days 1 – 14, n = 113)
versus luteal phase (cycle days 15 – 28, n = 109), or comparing males to females not using
(n = 189) versus using oral contraceptives (n = 64), yielded results that were comparable to
those of the principal association analyses. Exclusion of all females who were using oral
contraceptives yielded a similar pattern of results for the menstrual cycle phase analyses,

1Multivariate analysis of variance for repeated measures (MANOVA) without adjustment for the covariates yielded similar results and
identical decisions regarding statistical significance.
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albeit with reduced statistical power. Thus, it seems unlikely that hormonal status
contributed appreciably to the observed sex differences in genetic associations with
cardiovascular reactivity.

Stress appraisals—There was a significant sex difference in post-task appraisals of
stress, so we evaluated whether this difference contributed to sex differences in the genetic
associations with cardiovascular reactivity. A series of mixed factorial MANCOVAs
paralleling the principal association analyses showed no significant associations between
any of the α-AR SNPs and stress appraisals. Furthermore, the results of association analyses
for the α-AR SNPs and cardiovascular reactivity with stress appraisals as covariates were
virtually identical to those of our principal association analyses. Thus, the sex difference in
stress appraisals was unrelated to the associations between the α-AR SNPs and
cardiovascular reactivity.

Compliance with Pre-testing Instructions—Most of the participants reported that
they complied with the pre-testing instructions to refrain from eating (88.0%), drinking
beverages containing caffeine (84.3%) or alcohol (99.6%), smoking (96.4%), or taking
medications or drugs (95.4%) within the specified time before the testing session.
Nevertheless, we evaluated whether noncompliance with pre-testing instructions influenced
the observed genetic associations with cardiovascular reactivity. First, we used χ2 tests to
evaluate associations between the α-AR SNPs and compliance with pre-testing instructions.
These analyses revealed no significant genetic associations. Second, we evaluated the
associations between the α-AR SNPs and cardiovascular reactivity after controlling for
compliance with each pre-testing instruction. These analyses yielded results that were
essentially the same as those in our principal association analyses, implying that
noncompliance with pre-testing instructions was not responsible for the observed genetic
associations with cardiovascular reactivity.

Discussion
We evaluated the effects of common genetic variations in the α1A-AR, the α2A-AR, and the
α2B-AR on cardiovascular reactivity to cold and psychological stress in healthy,
normotensive Black adolescents and young adults, a population at increased risk for
hypertension. Significant associations emerged between a coding SNP (rs1048101) in the
α1A-AR and HR reactivity and between a promoter SNP (rs1800544) in the α2A-AR and
TPR reactivity.

The association between the Arg492Cys SNP in the α1A-AR and HR reactivity differed
between males and females, with a significant association appearing only in males. More
importantly, the overall increase in HR during stress was larger for females who were
homozygous for the Arg492 allele but smaller for males who were homozygous for that
allele. Carriers of the variant Cys492 allele tended to show intermediate increases in HR that
were equivalent for both sexes. There also was a marginal association between the
Arg492Cys SNP and TPR reactivity that depended on sex and type of stressor. Specifically,
the increase in TPR during CP tended to be enhanced in females but diminished in males
who were homozygous for the Cys492 allele.

Early studies found no association between the Arg492Cys SNP and hypertension (Xie et
al., 1999). More recently, one study reported that the Arg492 allele was associated with
hypertension in a Han Chinese population (Gu et al., 2006), whereas other studies reported
that the Cys492 allele was associated with DBP and hypertension in a Brazilian cohort
(Freitas et al., 2008) and with the therapeutic BP response to irbesartan (an angiotensin II
Type 1 receptor antagonist) in Chinese hypertensive patients (Jiang et al., 2005). It should be
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noted that the participants in these studies were considerably older (age Mean ± SD = 44.8 ±
10.8 yr to 54.1 ± 7.2 yr) than those in our study. A recent meta-analysis based on four
studies of the Arg492Cys SNP and hypertension “detected a significant protective effect”
for the Cys492 allele (Kitsios & Zintzaras, 2010, p. 309).

The mechanism linking the Arg492Cys SNP to HR reactivity is unclear. Although this
substitution occurs in a potential palmitoylation site which could alter subcellular
localization, analysis in cells transfected with the Arg492 or Cys492 variant have shown
similar levels of expression, binding affinity, receptor-mediated calcium signaling, and
receptor desensitization (Shibata et al., 1996; Dorn, 2010). However, transfected systems
may not accurately reflect what occurs with endogenous receptors. Our findings suggest that
the Arg492Cys SNP may have some as yet undetected effect on endogenous receptor level
or function, or may be in linkage disequilibrium with an as yet unidentified functionally
important SNP in the α1A-AR gene. Alternatively, the Arg492Cys SNP may interact with a
SNP in another gene for a protein involved in AR signaling or regulation of cardiovascular
reactivity. Interestingly, with regard to the latter possibility, Rana et al. (2007) found that the
Arg492Cys SNP interacted with a SNP in a gene involved in AR signaling (the Gsα subunit
gene, GNAS1) to affect DBP levels in White women but not men.

It may seem somewhat surprising that the effect of the α1A-AR SNP was stronger for HR
reactivity than for vascular or BP reactivity, but the α1A-AR plays a role in cardiac control in
addition to its role in the regulation of peripheral vasoconstriction (Kirstein & Insel, 2004).
A genome-wide association study of electrocardiographic and heart rate variability measures
from middle-aged men and women in the Framingham Heart Study identified multiple SNPs
in ADRA1A that were associated with resting measures of HR and the electrocardiographic
P-R interval, and with ambulatory measures of HR variability (Newton-Cheh et al., 2007).
Consistent with the Framingham study, two small studies of young European adults have
reported associations between the Arg492Cys SNP and electrocardiographic measures. One
study found an association between the Arg492Cys SNP and the electrocardiographic P-R
interval during EPI infusion; P-R intervals were longer in those who were homozygous for
the Cys492 allele than in those who carried the Arg492 allele (Snapir et al., 2003). Another
study found an association between the Arg492Cys SNP and 24-hr ambulatory
electrocardiographic measures of HR and HR variability; those who were homozygous for
the Arg492 allele showed lower HR and higher HR variability than those who carried the
Cys492 allele (Iacoviello et al., 2006). Although the nature of the relationship between
genetic variation in the α1A-AR and electrocardiographic measures is far from clear, these
findings together with our current findings suggest that the α1A-AR plays a role in
electrocardiographic regulation.

Sex differences in genetic associations with cardiovascular reactivity are interesting in light
of well-known sex differences in the prevalence and age of onset of hypertension and related
cardiovascular diseases (Mendelsohn & Karas, 2005; Padmanabhan et al., 2010; Rana et al.,
2007; Seda et al., 2008; Weiss et al., 2006). Sex-specific genetic effects may explain some
of the past failures to replicate genetic associations with cardiovascular phenotypes,
especially since prior studies have typically focused on only one sex or evaluated sex as a
covariate rather than as a moderator of genetic associations (Kelsey, Alpert, Dahmer,
Krushkal, & Quasney, 2010; Padmanabhan et al., 2010; Rana et al., 2007). Nevertheless, the
reasons for the sex differences that we observed in the associations between the Arg492Cys
SNP and cardiovascular reactivity are not readily apparent. Previous studies have found sex
differences in HR reactivity similar to those that we observed in this sample (see Table 1),
with significantly greater stress-related increases in HR occurring in females than in males
(Allen, Stoney, Owens, & Matthews, 1993; Girdler, Turner, Sherwood, & Light, 1990; Saab
et al., 1997; Sherwood, May, et al., 1995; Suarez, Saab, Llabre, Kuhn, & Zimmerman,
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2004). Evidence indicates that this sex difference in HR reactivity is especially pronounced
in Blacks (Saab et al., 1997; Suarez et al., 2004). Our findings suggest that sex differences in
HR reactivity in the Black population may be associated with the Arg492Cys SNP (or a
closely related, functional genetic variant) in the α1A-AR, and thus may be more likely to
emerge in studies that include sufficient numbers of males and females who are homozygous
for the common Arg492 variant. In contrast, the marginal association between the
Arg492Cys SNP and vascular reactivity, which was limited primarily to CP stress, was
largely attributable to a difference in TPR reactivity between males and females who were
homozygous for the minor Cys492 allele. Given the small number of participants who
carried the Cys492/Cys492 genotype, this trend should be interpreted with caution.

The extent to which variations over the menstrual cycle contribute to sex differences in
adrenergic and cardiovascular function remains unclear, but differences in adrenergic and
cardiovascular reactivity between men and women have been found regardless of female
menstrual cycle phase or oral contraceptive use (Bowyer et al., 2001; Freedman et al., 1987;
Kneale et al., 2003; Schmitt et al., 2010). Our secondary analyses suggest that neither of
these factors contributed appreciably to the sex differences that we observed. Nevertheless,
an independent replication of these findings with improved assessment of menstrual cycle
phase, either through improved self-report assessment (e.g., information on both the first day
of last menses and the cycle length; cf. Bouma, Riese, Ormel, Verhulst, & Oldehinkel, 2009)
or through objective measurement of hormonal status, is necessary before drawing firm
conclusions. Our additional secondary analyses of post-task appraisals of stress indicated
that the sex differences in genetic associations with cardiovascular reactivity were not
attributable to the observed sex difference in stress appraisals.

As expected, the −1291C/G promoter SNP in the α2A-AR was associated with vascular
reactivity to stress. The overall increase in TPR during stress was linearly related to the
number of copies of the G allele. A similar but weaker linear association occurred for DBP
reactivity. Thus, the primary impact of the −1291C/G promoter SNP was apparently
vascular in nature. There was some indication that the association between the promoter
SNP and TPR reactivity tended to be stronger during MA for males and during CP for
females, thus underscoring the value of using multiple stressors to assess cardiovascular
reactivity.

Although vascular postsynaptic α2A-ARs mediate peripheral vasoconstriction in certain
vascular beds, the primary role of the α2A-AR involves presynaptic feedback inhibition of
NE release from central and peripheral adrenergic neurons (Flordellis et al., 2004; Kirstein
& Insel, 2004). This sympatho-inhibition by presynaptic α2A-ARs results in reductions in
both BP and peripheral vasoconstriction, and is more effective at higher concentrations of
NE, such as those that occur during stress (Hein et al., 1999). Thus, our novel finding of a
positive linear relationship between vascular reactivity and the number of copies of the
−1291G allele may reflect diminished presynaptic α2A-AR function with the G allele,
resulting in decreased inhibition of NE release and increased peripheral vasoconstriction.
Although the −1291G allele is the minor allele in Whites, it is the more common allele in
Blacks (Flordellis et al., 2004; Kirstein & Insel, 2004). Therefore, the effect of the G allele
at the −1291C/G SNP on vascular reactivity may be especially important for hypertensive
risk in African Americans.

The −1291C/G promoter SNP in the α2A-AR has been associated with aspects of attention
deficit/hyperactivity disorder (Polanczyk et al., 2007; Schmitz et al., 2006), body fat
accumulation (Garenc et al., 2002), and cortisol response and serum glucose concentrations
(Rosmond et al., 2002). Moreover, Rosmond et al. (2002) reported that DBP was marginally
elevated in White men who carried the C allele, whereas Rana et al. (2007) reported that
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DBP was elevated in White men who were homozygous for the C allele and in White
women who were homozygous for the G allele. Although McCaffery et al. (2002) found no
significant associations between the −1291C/G promoter SNP and BP or HR reactivity
during psychological stress (math and Stroop tests), their study differed from ours in several
important ways: they evaluated a sample of young White adults (−1291G allele frequency =
29%) that was smaller than our sample of Black youth (−1291G allele frequency = 66%);
they did not include any form of cold exposure as a stressor; they did not evaluate a specific
measure of vascular reactivity. The latter point is particularly important because our findings
were considerably stronger for TPR reactivity than for DBP reactivity. Thus, the statistical
power to detect an association between the −1291C/G SNP and cardiovascular reactivity
was likely lower in their study than in the present study.

The Ins/Del301-303 polymorphism in the α2B-AR is located in the region which is
important for G protein-coupled receptor kinase (GRK)-mediated phosphorylation and
receptor desensitization; accordingly, the presence of the deletion variant is associated with
reduced agonist-promoted phosphorylation and a complete loss of receptor desensitization
(Flordellis et al., 2004; Kirstein & Insel, 2004; Rosskopf & Michel, 2008; Small et al., 2001;
Small et al., 2003). Consequently, we expected to find an association between the deletion
variant and increased vascular reactivity to stress. However, there were no significant
associations between the Ins/Del301-303 polymorphism and cardiovascular reactivity in our
group of young Blacks. Previous studies have reported associations of this polymorphism
with BP (Ohlin et al., 2007), and cardiovascular reactivity during physical or
pharmacological manipulations (Heinonen et al., 2002; Snapir et al., 2003; Talke et al.,
2005; Ueno et al., 2006). However, those studies used cohorts that were predominantly or
exclusively White and experimental methods that were markedly different from our
approach. In addition, the power to detect an association between the Ins/Del301-303
polymorphism and cardiovascular function in our study might have been lower than it would
be in a comparable study with Whites because the frequency of the deletion variant is much
lower in Black Americans (reported to be approximately 12% to 21%, which is similar to
the 15% found in our sample) than in Whites (approximately 31% to 37%; see Flordellis et
al., 2004; Kirstein & Insel, 2004; Rosskopf & Michel, 2008; Small et al., 2003). Muszkat et
al. (2005) suggested that other SNPs in ADRA2B cause in vivo vasoconstriction in response
to an α2-AR agonist, but many of those SNPs represent rare alleles and their role at the
population level remains to be investigated.

None of the α-AR gene polymorphisms was associated with resting cardiovascular baseline
levels in our sample of young Blacks. Previous studies examining α-AR SNPs and
cardiovascular baseline measures have yielded conflicting results (Fava et al., 2009; Freitas
et al., 2008; Kirstein & Insel, 2004; Kurnik et al., 2006; Newton-Cheh et al., 2007; Rana et
al., 2007; Rosmond et al., 2002; Suzuki et al., 2003; Zhang et al., 2005). Some of these
studies failed to control adequately for Type I error, and nearly all included participants who
were older and from different racial/ethnic groups than those in our study. It is possible that
different genetic factors influence resting cardiovascular function over the lifespan, or that
environmental factors affecting resting cardiovascular function vary among different racial/
ethnic groups. Finally, it should be noted that the timing of the cardiovascular baseline
assessments in our study precluded an adequate evaluation of genetic associations with
cardiovascular recovery from stress.

Conclusions
The genetic associations with cardiovascular reactivity to stress that emerged in our study
highlight the impact of gene-environment interaction effects on cardiovascular function. The
associations that we observed were relatively small, but such modest associations are typical
for complex, heterogeneous, polygenic traits and disorders (Shih & O’Connor, 2008). It is
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generally assumed that such traits and disorders involve additive and interactive effects of
genetic contributions from multiple biological pathways. Indeed, we recently reported
significant associations between common β-AR gene polymorphisms and cardiovascular
reactivity to stress in this same cohort (Kelsey et al., 2010). Although our findings should be
viewed with caution pending replication in independent cohorts, the NCI-NHGRI Working
Group on Replication in Association Studies (Chanock et al., 2007) has stated that initial
findings from carefully designed studies still provide valuable information. Future studies
will be required to determine whether similar effects are observable in other samples of
Blacks and in other racial/ethnic populations. Studies of these genetic associations in other
racial/ethnic groups may require different sample sizes to ensure adequate statistical power,
as there are substantial racial/ethnic differences in the published allele frequencies for α-AR
gene polymorphisms (Belfer et al., 2005; Dorn, 2010; Flordellis et al., 2004; Kirstein &
Insel, 2004; Rosskopf & Michel, 2008; Small et al., 2003). Further investigation of the
associations between variations in the α-AR genes and cardiovascular reactivity will benefit
from a detailed analysis of genetic variations in coding and noncoding regions of the α-AR
genes, including both common and rare alleles.

Our findings indicate that specific α-AR gene polymorphisms are associated with
cardiovascular reactivity to stress in Black adolescents and young adults. Taken together
with our recent findings of associations between β-AR gene polymorphisms and
cardiovascular reactivity in this sample (Kelsey et al., 2010), it appears that for young
Blacks cardiac responses to stress are primarily associated with β1-AR and α1A-AR gene
polymorphisms, whereas vascular and BP responses are primarily associated with β2-AR
and α2A-AR gene polymorphisms. These associations are complex, however, as they differ
between males and females in many cases and depend on specific types of stressors in some
cases. Given that measures of cardiovascular reactivity qualify as intermediate phenotypes
for hypertensive risk, the identification of genetic variations associated with increased
cardiovascular reactivity to stress in young Blacks may provide valuable insights into the
pathophysiological processes involved in the development of hypertension, and may lead to
new and improved methods for early detection and intervention to reduce the risk of
hypertension in this vulnerable population.
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Figure 1.
Arg492Cys polymorphism in the α1A-adrenergic receptor and overall heart rate reactivity
(HRΔ, mean ± SEM) in healthy, young Black males and females (N = 498).
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Table 1

Sample Characteristics

Male (n = 246) Female (n = 254)

Age (yr) 17.7 ± 1.9 17.9 ± 1.9

BMI (kg/m2) 25.4 ± 5.5 26.4 ± 6.5

Overall Baseline Levels

 HR (bpm)* 62.6 ± 8.8 70.8 ± 8.6

 PEP (ms)* 73.2 ± 9.4 69.3 ± 9.3

 TPR (dyne-s/cm5) 1023.7 ± 233.6 1025.4 ± 260.3

 SBP (mmHg)* 116.0 ± 9.0 109.0 ± 7.5

 DBP (mmHg) 68.5 ± 7.4 68.4 ± 6.6

Overall Reactivity (Δ)

 HR Δ (bpm)† 3.2 ± 3.2 4.5 ± 3.6

 PEP Δ (ms) −3.0 ± 3.4 −2.6 ± 2.9

 TPR Δ (dyne-s/cm5)† 118.6 ± 93.1 87.7 ± 94.5

 SBP Δ (mmHg)† 7.0 ± 4.1 6.2 ± 3.3

 DBP Δ (mmHg)† 6.5 ± 3.6 5.2 ± 3.1

Stress Appraisals# 15.4 ± 4.0 16.2 ± 4.1

Note. Data are shown as mean ± SD. BMI, Body Mass Index; HR, Heart Rate; PEP, Preejection Period; TPR, Total Peripheral Resistance; SBP,
Systolic Blood Pressure; DBP, Diastolic Blood Pressure.

*
Sex difference, p < .0005.

†
 Sex difference, p < .008.

#
 Sex difference, p < 0.02.
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Table 2

Genotype Counts and Minor Allele Frequencies of α-Adrenergic Receptor (α-AR) Gene Polymorphisms in
Black Youth

Gene Polymorphism Genotype Count Minor Allele Frequency (%)

α1A-AR Arg492Cys (rs1048101) Arg492Arg Arg492Cys Cys492Cys Cys

N = 498 294 181 23 23

 Male (n = 244) 148 86 10

 Female (n = 254) 146 95 13

α2A-AR −1291C/G (rs1800544) C/C C/G G/G C

N = 500 57 230 213 34

 Male (n = 246) 32 108 106

 Female (n = 254) 25 122 107

α2B-AR Ins/Del301-303 (rs29000568) Ins/Ins Ins/Del Del/Del Del

N = 495 363 119 13 15

 Male (n = 243) 179 55 9

 Female (n = 252) 184 64 4
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