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Abstract

Research has indicated that individuals of Asian descent, relative to other racial groups,

demonstrate reduced emotional responding and lower prevalence rates of several anxiety

disorders. It is unclear though whether these group differences extend to biomarkers of anxiety

disorders and whether genetic differences play a role. The present study compared self-identified

Caucasians, Latinos, and Asians (total N = 174) on startle response during a baseline period and

while anticipating unpredictable threat–a putative biomarker for certain anxiety disorders–as well

as predictable threat. In addition, the association between genetic ancestry and startle response was

examined within each racial group to determine potential genetic influences on responding. For

the baseline period, Asian participants exhibited a smaller startle response relative to Caucasian

and Latino participants, who did not differ. Within each racial group, genetic ancestry was

associated with baseline startle. Furthermore, genetic ancestry mediated racial group differences in

baseline startle. For the threat conditions, a Race × Condition interaction indicated that Asian

participants exhibited reduced startle potentiation to unpredictable, but not predicable, threat

relative to Caucasian and Latino participants, who did not differ. However, genetic ancestry was

not associated with threat-potentiated startle in any racial group. The present study adds to the

growing literature on racial differences in emotional responding and provides preliminary

evidence suggesting that genetic ancestry may play an important role. Moreover, reduced

sensitivity to unpredictable threat may reflect a mechanism for why individuals of Asian descent

are at less risk for particular anxiety disorders relative to other racial groups.
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Introduction

Fear and anxiety are often used interchangeably to indicate emotional responses to threat.

However, one feature that has been proposed to differentiate fear and anxiety in animal and

human studies is the predictability of threat (Davis, 2006; Grillon, 2008; Nelson &
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Shankman, 2011). Specifically, fear is associated with predictable threat and helps prepare

an organism for immediate fight, flight, or immobilization. Anxiety is associated with less

certain (or present) threat and is associated with sustained vigilance and defensive

preparedness.

One of the ways that fear and anxiety have been differentiated physiologically is by

measuring startle response while individuals anticipate a predictable or unpredictable

aversive stimulus (Grillon & Schmitz, 2012). Interestingly, individuals with particular

anxiety disorders, such as panic disorder, exhibit heightened responding to unpredictable

aversiveness, while the findings for predictable aversiveness are more mixed (Grillon et al.,

2008; 2009; Shankman et al., 2013). These and other findings (Nelson et al., 2013) suggest

that heightened startle to unpredictable threat may be a biomarker for anxiety disorders.

Biomarkers are often assumed to be universal, but it is critical to determine whether they are

similar across different racial/ethnic groups. This is particularly important for biomarkers of

emotional constructs, as prior research has identified important racial/ethnic group

differences in emotional responding. For example, individuals of Asian descent have been

shown to be less emotionally expressive (Soto, Levenson, & Ebling, 2005) and have reduced

startle relative to Caucasians during a baseline period (Swerdlow, Talledo, & Braff, 2005).

Furthermore, epidemiological studies have indicated that Asians have lower prevalence rates

of certain anxiety disorders (Grant et al., 2006; Smith et al., 2006).1 To date, several cultural

explanations for these differences have been proposed (e.g., Asian cultures place greater

value on emotional control, Tsai & Levenson, 1997).2 However, no study has examined

whether Asians show differences in startle to unpredictable vs. predictable threat,

specifically.

The present study compared self-identified Caucasian, Latino, and Asian participants on

their startle response during baseline and predictable vs. unpredictable threat-of-shock

conditions. We hypothesized that, similar to previous research (Swerdlow et al., 2005),

Asians would demonstrated reduced baseline startle relative to Caucasians. In addition,

given that heightened startle to unpredictable threat may be a putative biomarker for

particular anxiety disorders (Grillon et al., 2008; Nelson et al., 2013) and Asian individuals

meet criteria for certain anxiety disorders at lower rates relative to other racial groups (Grant

et al., 2006; Smith et al., 2006), we also hypothesized that Asians would demonstrate

reduced startle potentiation to unpredictable (but not predictable) threat compared to

Caucasian individuals. The inclusion of Latino participants was an exploratory aim and we

1While there is lower prevalence of certain anxiety disorders in Asian individuals relative to other groups, paradoxically, Asian
individuals actually report greater levels of anxiety on some self-report measures (e.g., Norasakkunkit & Kalick, 2002; Okazaki,
1997). However, this discrepancy appears to be only (or largely) for social phobia and not for other anxiety disorders, such as panic
disorder and PTSD (Asnaani, Gutner, Hinton, & Hofmann, 2009; Roberts, Gilman, Breslau, Breslau, & Koenen, 2011). For example,
Macdonald and colleagues (2013) reported significant concordance rates between clinician-rated and self-reported symptoms of PTSD
for Asian individuals and comparable concordance rates between Asian and Caucasian individuals. The findings for panic disorder
and PTSD are particularly noteworthy given that they are the two disorders that have been associated with heightened startle to
unpredictable threat (Grillon et al., 2008; 2009; Shankman et al., 2013), while, to our knowledge, no study has examined this question
in social phobia.
2Much of this research was limited to individuals of East Asian descent and results may not necessarily apply to other ethnic groups
from Asia (e.g., Filipino, South Asians).
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did not have any a priori hypotheses regarding whether they would be more similar to

Asians or Caucasians.

There is also a genetic component to race that may play an important role in emotional

responding. Recently, geneticists have identified ancestry-informative markers (AIMs),

which are sets of genetic polymorphisms that exhibit substantially different frequencies

between populations from various geographical regions (Enoch, Shen, Xu, Hodgkinson, &

Goldman, 2006; Kittles & Weiss, 2003). AIMs are useful to estimate what proportion of an

individual's genetic ancestry is derived from certain geographical regions and can help

address many of the challenges associated with examining racial group differences (e.g.,

heterogeneity). Thus, as a secondary aim, the present study conducted a preliminary

examination of the role of genetic ancestry in population differences in startle. Specifically,

we examined whether individual differences in genetic ancestry were associated with startle

response within each racial group. If so, results would suggest that genetic background at

least partially contributes to group differences in startle. These were also exploratory aims

and we did not have any a priori hypotheses regarding the contribution of genetic ancestry

to racial differences in startle.

Method

Participants

The sample included 242 introductory psychology students from the University of Illinois -

Chicago who could read and write English and participated for course credit. Participants

completed one of two larger studies – one examining biomarkers of depression, anxiety, and

personality traits (N = 131) and another examining the association between biomarkers of

anxiety and attentional threat biases (N = 111). Both studies used identical startle and

ancestry marker procedures (described below) and none of the subsequent results differed as

a function of study.

Participants self-identified their race by choosing from as many of the following categories

as desired: Caucasian, not Latino (n = 83); Latino (n = 58); Asian or Pacific Islander (n =

77); African American, not Latino (n = 23); or Other (n = 17).3 Other participants were able

to be re-coded as Caucasian, Latino, or Asian for the purposes of this study (e.g., Arab or

Middle Eastern = Caucasian [given their genealogical connection to the South Caucasus

3The total number of participants who self-identified as Caucasian, not Latino; Latino; Asian or Pacific Islander; African American,
not Latino; or Other (N = 258) was greater than the total sample size (N = 242) because participants were allowed to choose more than
one racial group. Thus, these numbers represent the total number of times a given racial group was chosen, not the absolute number of
participants in the study.
Participants were asked to self-identify their race but not ethnicity. This likely produced significant ethnic and cultural heterogeneity
within each racial group, and limited our ability to compare the role of culture vs. biology to startle response. Despite this limitation,
participants in the study on biomarkers of anxiety and attentional threat biases sample (N = 111) were asked to report whether English
was their first language and any other language they spoke beyond English. While not an immediate proxy for ethnic background,
additional languages spoken may provide some information regarding the ethnic composition within each racial group. Within this
sample, 18.5% (n = 5) of Caucasian, 61.1% (n = 11) of Latino, and 59.3% (n = 16) of Asian participants reported that English was not
their first language. Furthermore, Caucasian participants reported also speaking Arabic (n = 1), Farsi (n = 2), Greek (n = 1), Polish (n
= 5), and Romanian (n = 2); Latino participants also reported speaking Spanish (n = 14); and Asian participants also reported also
speaking Burmese (n = 1), Cantonese (n = 2), Chinese (n = 5), Filipino (n = 1), Gujarati (n = 1), Konkani (n = 1), Korean (n = 5),
Tagalog (n = 1), Telugu (n = 1), Urdu (n = 3), and Vietnamese (n = 1). We further compared Asian participants for which English was
(n = 11) and was not (n = 16) their first language on baseline and threat-potentiated startle. Results indicated that there were no
differences in startle between these two groups (p's > .11), although the size of these group likely preclude broader interpretation.
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region]; Mexican = Latino). Participants who chose more than one race (n = 8) were

excluded from the present study to minimize overlap in racial identification. African

American participants were excluded from the present study due to the small sample size. Of

the remaining participants, participants were excluded from the present study if they were

currently taking psychotropic medication (n = 3), missing genetic ancestry data or

experienced equipment failure (n = 14), or had more than 50% of startle trials excluded due

to blink artifacts (n = 23). Thus, the final sample consisted of 174 participants who self-

identified as only Caucasian (n = 69), Latino (n = 51), or Asian (n = 54).

Demographics and Anxiety Symptomatology

Demographics for self-identified racial groups are presented in Table 1. A one-way

between-subjects analysis of variance (ANOVA) indicated that racial groups were

comparable on age (p = .34) and a chi-square analysis indicated groups were also matched

on gender (p = .48).

Prior to the experimental task, participants completed self-report measures of anxiety

symptomatology. In the first larger study sample (N = 131), participants completed the

Anxiety Sensitivity Index-3 (ASI-3; Taylor et al., 2007), which is an 18-item self-report

measure of unpleasant sensations experienced in anxiety-related situations. ASI-3 scores for

Caucasians (M = 16.36, SD = 9.03), Latinos (M = 19.76, SD = 13.79), and Asians (M =

19.82, SD = 9.63) were comparable to those found in college students and below the mean

for various anxiety disorders (Wheaton, Deacon, McGrath, Berman, & Abramowitz, 2012).

In the second larger study sample (N = 111), participants completed the Inventory of

Depression and Anxiety Symptoms (IDAS; Watson, O'Hara, Simms, Kotov, &

Chmielewski, 2007), which is a 64-item self-report measure designed to assess specific

symptom dimensions related to major depression and anxiety disorders. The present study

examined the three anxiety subscales – social anxiety, panic, and traumatic intrusions. IDAS

scores for Caucasians (social anxiety M = 8.85, SD = 4.47; panic M = 12.11, SD = 4.31;

traumatic intrusions = 6.52, SD = 3.19), Latinos (social anxiety M = 10.00, SD = 4.79, panic

M = 13.28, SD = 5.13, traumatic intrusions M = 8.06, SD = 4.77), and Asians (social anxiety

M = 9.63, SD = 3.69, panic M = 11.63, SD = 4.31, traumatic intrusions M = 6.41, SD = 2.58)

were comparable to those found in college students and below the means for psychiatric

patients (Watson et al., 2007). Importantly, racial groups did not differ on ASI-3 or IDAS

measures (all p's > .24).

Genotyping and Ancestry Estimation

Genomic DNA collected with Oragene kits (DNA Genotek, Ontario, Canada) was extracted

using standard protocols. A total of 105 ancestry informative markers (AIMs) were

genotyped using the Sequenom MassARRAY platform (Giri et al., 2009; Tian et al., 2006).

The AIMs used have been published previously (Giri et al., 2009; Hooker et al., 2010;

Kupfer et al., 2009, 2010). iPLEX assays were designed using the Sequenom Assay Design

software. Primer sequences for polymerase chain reaction (PCR) and single-base extension

are available on request. Multiplex PCR was performed to amplify 5–10 ng of genomic

DNA. PCR reactions were treated with shrimp alkaline phosphatase to neutralize

unincorporated deoxynucleotide triphosphates. A post-PCR single-base extension reaction
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was performed for each multiplex reaction using concentrations of 0.625 μM for low-mass

primers and 1.25 μM for high-mass primers. Reactions were diluted with 16 μL of H2O, and

the oligonucleotides were purified with resin, spotted onto Sequenom SpectroCHIP

microarrays and separated by MALDI-TOF mass spectrometry. Individual single-nucleotide

polymorphism (SNP) genotype calls were generated using Sequenom TYPE software which

automatically calls allele-specific peaks according to their expected masses.

Global individual ancestry was determined for each individual using AIMs for European,

West African, and Asian/Native American genetic ancestry. Individual ancestry estimates

were obtained from the genotype results using the Bayesian Markov Chain Monte Carlo

(MCMC) method implemented in the program STRUCTURE 2.1 (Falush, Stephens, &

Pritchard, 2003). STRUCTURE 2.1 assumes an admixture model using prior population

information and independent allele frequencies. The MCMC model was run using K = 3

populations (60 Europeans, 60 Asians/Native Americans and 131 West Africans) and a

burn-in length of 30,000 iterations followed by 70,000 replications.

For each participant, their percentage of individual ancestry for European, West African, and

Asian genetic ancestry was determined ranging from 0–100%, with the combination of the

three markers totaling 100% (see Table 1 for averages within self-identified racial groups).

As expected, Caucasian's genetic ancestry was predominately European (range 72.3% –

98.1%), Asian's genetic ancestry was predominately Asian (although with a bigger range

than that of Caucasians; range 10.6% – 91.5%), and Latino's genetic ancestry was nearly

evenly split between European (range 5.2% – 82.4%) and Asian (6.4% – 94.1%).

Stimuli Presentation and Physiological Responses

Stimuli were administered using PSYLAB (Contact Precision Instruments, London, UK),

and electromyography activity was recorded using Neuroscan 4.4 (Compumedics, Charlotte,

NC, USA). Acoustic startle probes were 40-ms duration, 103-dB bursts of white noise with

near-instantaneous rise time presented binaurally through headphones. Startle eye blink

reflex was measured from two 4-mm Ag/AgCl electrodes placed over the orbicularis oculi

muscle below the right eye. Data were collected using a bandpass filter of DC-200-Hz at a

sampling rate of 1000-Hz. Electric shocks were 400-ms long and were administered to the

wrist of the participant's left (non-dominant) hand. Shock intensity was determined

ideographically using a work-up procedure for each subject (see below).

Procedure

After electrode placement, participants were seated in an electrically shielded, sound-

attenuated booth approximately 3.5-ft from a 19-in computer monitor. Participants first

completed a 2.5-minute baseline task during which nine acoustic startle probes were

administered. Previous research within our laboratory has indicated that participants

habituate to the startle probe after the third blink (Campbell et al., in press). Therefore, the

present study focused on initial baseline startle responding (i.e., average of the first three

blinks), which was likely to be more sensitive to group and/or genetic differences than all

nine blinks. Next, shock intensity was determined using a work-up procedure where

participants received increasing levels of shock, until they reached a level they described as
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“highly annoying but not painful” (maximum shock level was 5-mA). Racial groups did not

differ in mean shock level (p = .72).

The threat-of-shock task was a variant of that used by Grillon and colleagues (Schmitz &

Grillon, 2012) and included three within-subjects conditions: no shock (N), predictable

shock (P), and unpredictable shock (U). Text at the bottom of the screen informed

participants of the current threat condition by displaying the following information: “no

shock” (N), “shock at 1” (P), or “shock at any time” (U). Each condition lasted 90-s, during

which a 6-s visual countdown (CD) was presented five times. The interstimulus intervals

(ISIs) ranged from 7 to 17-s during which only the text describing the condition was on the

screen. In the N condition, no shocks were delivered. In the P condition, participants

received a shock every time the countdown reached 1. In the U condition, shocks were

administered at any time. Startle probes were presented both during the CD (1-5-s following

CD onset) and ISI (5-14-s following ISI onset). The time intervals between shocks and

subsequent startle probes were always greater than 10-s to ensure that subsequent startle

responses were not affected by prior shocks.

The NPU-threat task consisted of two presentations of each 90-s condition (N, P, U), during

which the CD appeared five times. Participants received startle probes during four out of the

five CD and ISI presentations. Conditions were presented in one of the following orders

(counterbalanced): PNUPNU or UNPUNP. All participants received 20 electric shocks (10

during P, 10 during U), and 48 startle probes (16 during N, 16 during P, and 16 during U)

during the CD and ISI (with an equal number of startle probes occurring during the CD and

ISI).

Data Processing

Electromyography data were first rectified and then smoothed using a finite impulse

response filter with a band-pass of 28-40-Hz. Peak amplitude of the blink reflex was

determined in the 20-150-ms time frame following the startle probe onset relative to baseline

(average baseline electromyography level for the 50-ms preceding the startle probe onset).

Blinks were scored as non-responses if electromyography activity during the 20-150-ms

post-stimulus time frame did not produce a blink peak that was visually differentiated from

baseline activity. Blinks were scored as missing if the baseline period was contaminated

with noise, movement artifact, or if a spontaneous or voluntary blink began before minimal

onset latency and thus interfered with the startle probe-elicited blink response. Analyses

were conducted using blink magnitude (i.e., averages include values of 0 for non-response

trials) as this is a more conservative estimate of blink response (Blumenthal et al., 2005).

Startle data were skewed and kurtotic and were therefore square root transformed to achieve

normality.

Results

Self-Identified Race

Baseline task—A one-way analysis of variance (ANOVA) indicated that racial groups

differed in baseline startle (see top of Figure 1), F(2, 171) = 4.98, p < .01, ηp
2= .06, such
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that Asians (M = 6.62, SD = 3.00) had a smaller startle response relative to Caucasians (M =

8.47, SD = 3.31), F(1, 121) = 10.20, p < .01, ηp
2 = .08, and Latinos (M = 8.02, SD = 3.55),

F(1, 103) = 4.79, p < .05, ηp
2 = .04, who did not differ, F(1, 120) = 0.50, ns.

NPU-threat task—A three-way Condition (N, P, U) X Cue (ISI vs. CD) X Race

(Caucasian, Latino, Asian) mixed-effects ANOVA was conducted with Condition and Cue

as within-subjects factors and Race as the between-subjects factor. Results indicated a main

effect for Race, F(2, 171) = 8.25, p < .001, ηp
2 = .09, and a Race X Condition interaction,

F(4, 342) = 4.28, p < .01, ηp
2 = .05. Examination of the Race main effect indicated that,

across the entire task, Asians had a smaller startle response relative to Caucasians, F(1, 121)

= 17.77, p < .001, ηp
2 = .13, and Latinos, F(1, 103) = 8.53, p < .01, ηp

2 = .08, who did not

differ, F(1, 118) = 0.43, ns.

To follow-up the Race X Condition interaction, potentiation scores from the N condition

(i.e., P–N, U–N) were calculated to directly compare whether groups differed in their startle

potentiation to P vs. U threat (see bottom of Figure 1). A Race X Condition (with P vs. U

potentiation scores as the two levels) ANOVA again indicated a main effect for Race, F(2,

171) = 4.05, p < .05, ηp
2 = .05, and a Race X Condition interaction, F(2, 171) = 4.42, p < .

05, ηp
2 = .05. For the P threat condition, there was no main effect of Race, F(2, 171) = 0.72,

ns. In contrast, for potentiation to the U threat condition, there was a main effect of Race,

F(2, 171) = 5.98, p < .01, ηp
2 = .07, such that Asians had less startle potentiation relative to

Caucasians, F(1, 121) = 7.69, p < .01, ηp
2 = .06, and Latinos, F(1, 103) = 10.63, p < .01, ηp

2

= .09, who did not differ, F(1, 118) = 0.43, ns.

Genetic Ancestry

Baseline task—To examine genetic effects, separate linear regressions were conducted

within each racial group with baseline startle regressed onto genetic ancestry (see Figure 2).

Results indicated that European genetic ancestry was positively associated with baseline

startle in Caucasians, β = .32, t(68) = 2.75, p < .01, Latinos, β = .28, t(50) = 2.02, p < .05,

and Asians, β = .33, t(53) = 2.52, p < .05. Conversely, Asian genetic ancestry was negatively

associated with baseline startle in Latinos, β = −.29, t(50) = −2.08, p < .05 and Asians, β = −.

31, t(53) = −2.31, p < .05, and in Caucasians at a trend level, β = −.23, t(68) = −1.97, p < .

06.

NPU-threat task—Separate general linear models were conducted within each racial

group with Condition (N, P, U) and Cue (CD vs. ISI) entered as within-subjects factors and

genetic ancestry entered as a continuous between-subjects variable. Results indicated no

main effects or interactions involving genetic ancestry during the NPU-threat task.

Mediational Analyses

Finally, we examined whether genetic ancestry mediated the difference between self-

identified race and baseline startle. To test for mediation, we followed MacKinnon,

Lockwood, and Williams's (2004) recommendations and used a nonparametric

bootstrapping method. This approach has been shown to be statistically more powerful than

other tests of mediation (MacKinnon, Lockwood, Hoffman, West, & Sheets, 2002).
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Mediational models were tested using the SPSS macro MEDIATE provided by Hayes and

Preacher (2013), which provides a bootstrap estimate of the indirect effect between the

independent variable and dependent variable and 95% confidence intervals for the

population value of the indirect effect. Confidence intervals that do not include zero indicate

a significant indirect effect at the p < .05 significance level.

Analysis of 5,000 bootstrap samples indicated that European genetic ancestry mediated the

difference between Asians and Caucasians, B = 3.38, 95% CI [1.59, 5.35], and Asians and

Latinos, B = 1.05, 95% CI [0.45, 1.95]. Similarly, Asian genetic ancestry mediated the

difference between Asians and Caucasians, B = 2.66, 95% CI [1.25, 4.43], and Asians and

Latinos, B = 0.88, 95% CI [0.39, 1.75].

Discussion

The present study examined baseline and threat-potentiation startle of three racial groups

(Caucasian, Latino, and Asian) and explored whether genetic markers of ancestry were

related to group differences. There were several noteworthy findings. Asian participants

exhibited smaller baseline startle relative to Caucasians and Latinos, who did not differ.

Within each racial group, European and Asian genetic ancestry was associated positively

and negatively, respectively, with baseline startle, strongly suggesting genetic influences on

baseline startle. Furthermore, genetic ancestry mediated the difference between racial groups

on baseline startle. Asian participants also exhibited reduced startle potentiation to

unpredictable, but not predicable, threat relative to Caucasians and Latinos (and a direct

comparison indicated this effect was larger for unpredictable vs. predictable threat), but

there was no association between genetic ancestry and threat-potentiated startle. Results

from the present study add to the growing literature on racial differences in emotional

responding and provide preliminary evidence suggesting that genetic differences at least

partially contribute to these findings.

There are several potential interpretations of these results. First, consistent with prominent

cultural theories, individuals of Asian descent may demonstrate greater emotional control,

particularly during aversive contexts (Tsai & Levenson, 1997). Prior research has supported

this theory using self-report and behavioral measures of emotion (Soto et al., 2005; Tsai,

Chentsova-Dutton, Freire-Bebeau, & Przymus, 2002); however, studies have rarely reported

group differences in physiological responding. Levenson and colleagues (2007) suggested

that physiological measures of emotion may be minimally susceptible to cultural influences

– thus, culture may not (exclusively) account for the present findings. One limitation of prior

psychophysiological studies is the use of measures that confound valence and arousal (e.g.,

cardiac, electrodermal responses). In contrast, startle has been shown to be sensitive to

valence (Lang, 1995) and can be modulated when engaging in emotion regulation (Jackson,

Malmstadt, Larson, & Davidson, 2000). Thus, startle may be an ideal measure to use when

examining racial differences in emotional responding.

Second, these findings may reflect a mechanism for why individuals of Asian descent are at

less risk for certain anxiety disorders (e.g., panic disorder). Heightened sensitivity to

unpredictable threat is a putative mechanism and risk marker for several anxiety disorders
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(Grillon et al., 2008; Nelson et al., 2013; Shankman et al., 2013), and epidemiological

studies have found lower prevalence rates of anxiety disorders among Asians relative to

other racial groups (Grant et al., 2006; Smith et al., 2006). Our finding of smaller startle

potentiation to unpredictable threat in Asians may reflect a mechanism for these

epidemiological findings.

There may be other factors though that could account for these lower prevalence rates, such

as differences in symptom presentation or coping abilities (Lewis-Fernández et al., 2009).

Heightened sensitivity to unpredictable threat may simply play a smaller etiological role in

the development of certain anxiety disorders within Asians. Indeed, Asian individuals

exhibited lower startle potentiation to unpredictable threat than the other groups, but

comparable levels on anxiety symptomatology. Future studies on risk factors and etiology of

anxiety disorders should examine whether Asians have different causal pathways to the

illnesses.

Results also provide evidence for genetic influences on startle. Specifically, baseline startle

was positively and negatively associated with European and Asian genetic ancestry,

respectively, within all three racial groups. In other words, across all racial (and

consequently ethnic) identifications, European and Asian genetic ancestry was associated

with individual differences in baseline startle. Previous research has indicated that startle

magnitude is highly heritable (Anokhin, Heath, Myers, Ralano, & Wood, 2003; Hasenkamp

et al., 2010), and results from the present study support the notion that racial differences

may be at least partially genetically influenced. Interestingly, neither European nor Asian

genetic ancestry was associated with startle potentiation during the NPU-threat task. These

results are consistent with a twin study which found that overall startle, but not emotion-

modulated startle, was mediated by genetic variance (Anokhin, Golosheykin, & Heath,

2007). Taken together, one interpretation of these findings is that genetic factors (such as

genetic ancestry) influences one's basal level of defensive sensitivity, but one's reactivity to

threatening stimuli (as indicated by emotion-modulated startle) is mediated more by

environmental influences. This hypothesis, however, is quite speculative and further

research is needed to determine the mediating factors of emotion-modulated startle.

Another explanation for the genetic ancestry result is that reduced startle in Asians may be

due to differences in ocular muscle morphology that are genetically determined. However,

this is unlikely as the primary difference between Asian and Caucasian ocular muscle

morphology is in the levator aponeurosis that innervates the upper eyelid and not the lower

orbicularis oculi muscle from which startle response was measured (Jeong, Lemke,

Dortzbach, Park, & Kang, 1999).

The present study provides preliminary evidence that genetic ancestry plays at least a partial

role in determining startle response. However, it is important to highlight that this study was

not intended to be a definitive comparison of the effects of culture vs. genetics on emotional

responding. Race is a construct that confounds social, cultural, and biological factors (Kittles

& Weiss, 2003), and the present study was not designed to tease apart the relative

contribution of these (and other) factors. Additionally, as genetic ancestry covaries with

other biological (e.g., skin pigmentation) and sociocultural variables that play a role in racial
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identification (Klimentidis, Miller, & Shriver, 2009; Nagel, 1994), it is possible that genetics

may not be separable from key cultural variables (Miller, 2010). Therefore, one contribution

of this study is that it provides a relatively new `level of analysis' in which cultural

differences in emotion (and other aspects of psychology) can be examined. This study also

adds to the small, but growing, number of studies combining genetic and cultural

psychology research (e.g., Kim et al., 2010; 2011) and more broadly, illustrates the utility of

using AIMs in psychology research.

Latino participants responded more similarly to Caucasian than Asian participants. Cultural

theories have posited that Latinos often demonstrate enhanced emotional responding (Soto

et al., 2005). However, as previously mentioned, most of the supporting literature has

utilized self-report and behavioral indices of emotional responding. To our knowledge, the

present study is one of the first to examine startle in Latinos, and suggests that the response

`channel' (i.e., verbal, behavior, or physiological) is important to consider when examining

emotional responding across different racial groups.

The present study had several strengths, including examination of both self-identified race

and genetic ancestry, and matching of racial groups on demographics and anxiety

symptomatology. There were also several limitations. First, participants were all college

students and results may not generalize to all individuals. Second, only self-identified

Caucasian, Latino, and Asian participants were examined and more research is needed

examining other racial groups as well as subgroups within these populations. Finally,

participants were asked to identify as Caucasian, Latino, and/or Asian and racial categories

are known to be problematic in psychology research (Helms, Jernigan, & Mascher, 2005).

Future research examining racial differences in sensitivity to threat should consider

alternative approaches toward quantifying human variation.

In summary, we found that Asian individuals exhibited smaller baseline startle relative to

Caucasians and Latinos, who did not differ. Within each racial group, European and Asian

genetic ancestry was associated positively and negatively, respectively, with baseline startle,

and genetic ancestry mediated the difference between racial groups on baseline startle.

Lastly, a Race X Condition interaction indicated that Asian participants also exhibited

reduced startle potentiation to unpredictable (but not predicable) threat relative to

Caucasians and Latinos, but there was no association between genetic ancestry and threat-

potentiated startle. These novel results highlight the importance of examining racial

differences in psychiatric biomarkers and suggest that genetic background may play an

important role.
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Figure 1.
Racial group differences in baseline startle (top) and startle potentiation to predictable and

unpredictable threat (bottom). Startle potentiation was the difference in startle between the

no threat and threat conditions (i.e., P–N, U–N). Error bars represent standard error. N = No

Shock; P = Predictable Shock; U = Unpredictable Shock.

* p < .05, ** p < .01
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Figure 2.
Scatterplots of baseline startle and % European (left) and Asian (right) genetic ancestry in

Caucasians (top), Latinos (middle), and Asians (bottom).
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Table 1

Demographics and Genetic Ancestry Estimates Across Different Self-Identified Racial Groups

Caucasians (n = 69) Latinos (n = 51) Asians (n = 54)

Age (SD) 19.4 (1.6) 19.0 (1.6) 19.1 (1.9)

Gender (% Female) 65.2% 74.5% 64.8%

AIMS

 % European (SD) 90.5 (5.8) 46.9 (17.1) 27.2 (23.8)

 % West African (SD) 3.8 (3.2) 8.0 (8.2) 8.2 (10.2)

 % Asian (SD) 5.7 (4.5) 45.1 (18.8) 64.6 (25.5)

Note. The combination of European, West African, and Asian AIMS totaled 100% for each participant. AIMS = Ancestry Informative Markers; SD
= Standard Deviation.
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