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Abstract

This study investigated twin similarity in general startle reflex reactivity and emotional
modulation. Seventeen monozygotic (MZ) and 12 dizygotic (DZ) male twin pairs received
startling acoustic stimuli while viewing emotionally positive, negative and neutral slides.
Electromyographic {(EMG) responses were recorded from the orbicularis oculi. Members of
MZ twin pairs had similar response amplitudes under all three valence conditions. In
addition, modulation scores for the positive and negative conditions, representing the percent
change in response amplitude between the affective and the neutral conditions, also showed
significant similarity within MZ twin pairs. Overall, members of DZ twin pairs were not
found to be significantly similar on any of the measures. These preliminary findings suggest
that emotional modulation of the startle reflex shows familial resemblance within MZ pairs.
Given the lack of resemblance between DZ twins, it is tentatively suggested that affective
modulation may be under partial genetic control. © 1997 Elsevier Science B.V.
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1. Introduction

Numerous studies have demonstrated that the amplitude of the startle blink
reflex to a noxious stimulus is potentiated during unpleasant and attenuvated during
pleasant emotional states (for an overview, see Lang, 1995). The present study
investigated the heritability of the emotional modulation of the startle reflex by
comparing the electromyographic (EMG) eye blink amplitudes of monozygotic
(MZ) and dizygotic (DZ) twins during exposure to photographic slides of varying
emotional content. Because MZ twins are genetically identical and on average, DZ
twins share only 50% of their genes, heritable characteristics should show greater
similarity in MZ than in DZ twin pairs. Thus, if emotional modulation is heritable,
the degree of change in amplitude between responses during affective and emotion-
ally neutral conditions should be more alike for MZ than for DZ twins.

The emotional modulation of startle responses appears to be related to enduring
individual difference characteristics such as personality (Cook et al., 1991, 1992)
and psychopathology (Patrick, 1994). Cook and his colleagues have shown that
individuals predisposed to experiencing fear, depression or anger exhibit greater
startle amplitudes during negative affective states than those who are not (Cook et
al.,, 1991). Patrick (1994) has demonstrated deficient modulation in emotionally
detached psychopaths, such that startle reflex amplitude is not augmented during
viewing of unpleasant slides for this group. The personality traits underlying these
findings may themselves be genetically mediated (Tellegen et al., 1988; Cloninger
and Gottesman, 1987). Hence, it is of interest to determine if the emotional
modulation of startle is a trait mediated in part by genes. To the best of the
authors’ knowledge, this study is the first to investigate this possibility.

2. Method
2.1. Subjects

Seventy six young men (38 twin pairs) served as subjects. These individuals,
participants in the Minnesota Twin Family Study (a longitudinal study of adoles-
cent twins), represented the entire sample of twin pairs who were assessed with the
startle paradigm described in this report. Participants, identified from birth certifi-
cates, were initially recruited when they were 17-18 years old. The data reported
here were from the first follow-up assessment, when the subjects were 20-21 years
old. Nine subjects (12%) lacked EMG responses to the startle stimulus (i.e. their
EMG response amplitudes were less than 125 arbitrary units on a third or more of
the trials). These nine non-responding subjects plus their co-twins were excluded
from the analysis which was based on 17 MZ and 12 DZ twin pairs.

Zygosity was determined by the method outlined in Katsanis et al. (1997). In
brief, comparisons were made among three methods for determining zygosity: (1) a
questionnaire completed by parents on the physical similarity of the twins, (2) a
project staff member’s rating of the degree of physical resemblance based on
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similarity in eye color, ear shape, etc., and (3) an algorithm based on ponderal
index, cephalic index and fingerprint ridge count. If any one of these methods
disagreed with another, a blood sample was acquired for serological examination.
This procedure results in a zygosity misclassification rate less than 0.001 (Lykken,
1978).

2.2. Procedure

The startle paradigm was the first of several tasks in a 3 h laboratory protocol.
Members of each twin pair were assessed simultaneously in identically configured
laboratories. All subjects gave written informed consent prior to their participation.

2.2.1. Psychophysiologcal assessment

EMG activity was recorded from the orbicularis oculi muscle of the right eye,
using Ag-AgCl electrodes filled with Hewlett Packard Redux Paste. Two sensors
were placed approximately 0.5 cm below the rim of the lower eyelid. One was
centered directly under the pupil, and the other was placed 0.5 cm from this center
towards the outer canthus. The right shin was used as ground. Electrode impedance
for the EMG sensors and ground was kept below 20 kQ.

EMG was recorded with a Grass Model 12A Neurodata acquisition system. Data
were filtered with 1/2 amplitude low and high frequency settings at 100 and 1000 Hz
respectively. Signals were amplified 30000 x . EMG was rectified on line using a
Coulbourn Contour Following Integrator (§79-01) with a nominal time constant
setting of 100 ms. Both raw and integrated EMG were digitized at a rate of 1024
samples per s.

2.2.2. The startle task

The startle paradigm used was similar to that of Bradley et al. (1990). Subjects
sat in comfortable, high-backed chairs and were presented with a sequence of 27
photographic slides'. Nine slides were selected for each of three emotional valence
categories: positive, neutral and negative. The assignment of slides to valence
groups was based on ratings provided by The International Affective Picture
System (Lang et al., 1988). Positive slides were mostly erotic pictures of opposite
sex nudes, neutral slides were pictures of everyday items, and negative slides
typically depicted mutilations, or symptoms of severe disease. A single slide order
for all subjects was created with three slides from each valence category presented
during each third of the task. The initial assignment of valence condition to serial

' The International Affective Picture System numbers for the slides used were 4180, 4680*, 4220%,
4660%, 8080%, 4310, 4210*, 4290, and 8510* for the positive ( + )} condition; 5500%, 1390, 9070*, 7060*,
2230, 7050*, 6150*, 1640, and 7130* for the neutral (0) condition; and 3000%*, 2800, 3140*, 3010*, 3120,
9140*, 3170*, 3220*, and 3180 for the negative ( — ) condition. An asterisk (*) denotes slides that were
probed with a startle stimulus. Slides were presented within each category in the order given. The overall
order of presentation across categories was: 0, +,0, —. +, —, +, 0, —, +,0.0, —, 0. +. —, —,
+, =0+, +.0, -, =, +.0
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position in the slide show was made randomly within these constraints. The slides
were presented in a darkened room with a Kodak Ektagraphic III AMT projector
on a screen 205 cm from the subject. The projections varied in size from slide to
slide; the maximum visual arc subtended by the slides was 28 degrees. A Vincent
Uniblitz model D122 shutter driver and shutter ensured an exposure time of 6 s for
each slide presentation. The inter-trial interval between slides varied randomly
between 10 and 20 s, with a mean of 15 s.

A 50 ms burst of 90 dB noise produced by a Coulbourn white noise generator
(S81-02) was presented on six of the nine trials in each affective valence category.
These startle stimuli were presented binaurally over Sennheiser HD 540 reference 11
headphones, with instantaneous rise and fall times. To ensure that the subjects were
able to process the slides prior to being startled, the white noise bursts were limited
to an interval between 2 and 5 s after slide onset. Also, in order to increase the
unpredictability of the startle stimuli, a noise burst was presented in each of six
randomly selected inter-trial intervals. Subjects were instructed to ignore the sounds
and focus their attention on the projection screen at all times.

2.2.3. Slide ratings

After completing the task, subjects were required to view the slides again and rate
them on the affective dimensions of valence and arousal by completing a paper-
and-pencil version ofthe Self-Assessment Manikin scale (Lang, 1980). The scales,
and the instructions concerning them, were adapted from those used with The
International Affective Picture System’s normative sample (Lang et al., 1988).
During the rating period, subjects were allowed to spend as much time on each slide
as they wished. Slide ratings were not available for one of the MZ twins.

2.3. Data reduction

The integrated EMG responses to the startle stimuli were scored by a computer
algorithm. Responses were quantified by computing the difference, in arbitrary
digital units, between the integrated EMG at startle stimulus onset and the
maximum amplitude attained during the following 150 ms.

It is possible that MZ twins generate more similar startle reflex amplitudes than
DZ twins due to heritable factors affecting EMG response amplitude in general,
rather than to genetic factors influencing the underlying psychological mechanism.
For example, the processing of sensory input, muscle enervation, the density of
striate muscle fibers in the orbicularis oculi, and general anatomical structures in
the relevant musculature and autonomic nervous system, may be more similar for
MZ than for DZ twins, thus causing greater similarity in EMG response that would
have little psychological significance for the MZ twin pairs. An example of how
such physiological individual differences can, if not controlled, affect the interpreta-
tion of psychophysiological data in twin studies is illustrated by Lykken et al.
(1988) use of range correction in an investigation of electrodermal reactivity.
Lykken and his colleagues examined habituation of the skin conductance response
in MZ and DZ twin pairs. Correcting for individual differences in range, which
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removed the influence of anatomical and physiological similarity peripheral to the
psychological constructs of interest, served to increase the DZ correlations relative
to the MZ correlations. Without such range correction, the estimate of genetic
influence on the habituation variables would have been overestimated. To eliminate
a similar contribution to the measurement of startle reactivity, each subject’'s EMG
response was rescaled as a percentage of his maximum response amplitude. This
method of range correction, suggested by Fridlund and Cacioppo (1986), is
analogous to that used in skin conductance research (Lykken and Venables, 1971;
Lykken, 1972), including the twin study of skin conductance by Lykken et al.
(1988). Each subject’s mean EMG response was calculated for each of the three
emotional valence categories, separately for both the scaled and unscaled data.

Bradley et al. (1993) provided evidence that the startle blink reflex in humans is
governed by the activity of two systems: a modulatory system sensitive to affective
states, and a primary system involved in producing the obligatory blink reflex.
Stritzke et al. (1995) demonstrated that the two systems are affected differently by
alcohol, which suggested they operate through separate mechanisms. These systems
may be differentially influenced by genetic variation.

As the neutral slides were explicitly selected for their negligible affective content,
the influence of the modulatory system in this condition is likely to be minimal. The
scaled neutral response mean may therefore be interpreted as reflecting the psycho-
logical contribution to the primary startle system. The mean EMG response
amplitude across all conditions was also calculated in order to quantify the
influence of the primary system. This index, however, relies heavily on the assump-
tion that the effects of the modulatory system are relatively balanced by the positive
and negative valence conditions.

In order to index the emotional modulation of the startle response, scores were
calculated for each subject expressing the percent increase or decrease in response
amplitude in the affective conditions relative to the neutral condition. As the
neutral condition is influenced mainly by the primary system, the difference
between amplitude means for the other valence conditions and neutral should
reflect the activity of the emotional modulation system. These difference scores were
divided by the mean neutral response so that they would be in comparable units
across subjects. This differs subtly from merely calculating the difference scores of
the scaled data, in that these modulation scores eliminate not only the less
psychologically relevant physiological variance described previously, but also the
psychological variance affecting the primary system. The following formulae were
employed:

Positive Modulation = 100 x (Mean Positive =~ Amplitude — Mean
Neutral Amplitude)/Mean Neutral Amplitude.

Negative Modulation = 100 x (Mean Negative Amplitude — Mean
NeutralAmplitude)/Mean Neutral Amplitude.
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3. Results

Valence ratings confirmed the pre-task assignment of slides to valence conditions.
A repeated measures MANOVA with the pre-task emotional valence assignments
as a single within-subjects factor with three levels (positive, neutral, and negative)
and zygosity as a single between-subjects factor with two levels (MZ, DZ) yielded
a significant result for valence, F(2,110)=197.09, P <0.001, and no effects for
zygosity. Paired ¢-tests comparing the mean slide valence ratings for each condition
revealed that all three valence groups were significantly different from one another
(P <0.001). Negative slides were rated as more unpleasant than neutrals and
positives. Conversely, positive slides were rated as more pleasant than the neutral or
negative slides. A similar repeated measures MANOVA was also computed with
slide arousal ratings as the dependent variable, and indicated a significant affect for
slide valence [F(2,110)=48.17, P <0.001]. Again, there was no main effect or
interaction for zygosity. Paired 7-tests comparing the mean arousal rating for each
valence condition revealed that the neutral slides were significantly less arousing
than either the positive or negative slides (P < 0.001). The positive slides were also
rated as more arousing than the negative slides (P =0.003). Table 1 depicts the
means and standard deviations for the slide ratings.

Due to the skewed distributions of the EMG responses across subjects, startle
response variables were normalized using the van der Waerden transformation
(Gilford and Fruchter, 1979) prior to the analysis of any group differences. This
method of normalization equates each subject’s value with a corresponding position
on a normal distribution. It preserves the relative ordering of responses across
subjects while correcting the sample distribution for deviations from normality.
Preliminary examination of the EMG data suggested that the mean amplitude of
the response to the first noise burst, which occurs on a neutral trial, was larger than

Table 1
Means and standard deviations for slide ratings of emotional valence and arousal

Variable All slides Extreme valence slides only
Mean S.D. Mean S.D.
Valence
Negative 7.58 1.14 7.89 1.24
Neutral 5.15 0.55 5.13 0.57
Positive 3.35 1.10 3.01 1.20
Arousal
Negative 4.50 2.07 5.02 243
Neutral 2.52 1.43 2.29 1.52
Positive 5.63 1.73 5.81 1.91

Valence ratings range from 1 (extremely pleasant) to 9 (extremely unpleasant).
Arousal ratings range from | (extremely unarousing) to 9 (extremely arousing).
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any of the other responses. Paired ¢-tests indicated that the scaled response
amplitude on this first trial was significantly larger than the mean amplitude of the
succeeding trials [r (57)=7.19, P <0.001]. The same relationship held for the
unscaled data (P < 0.001). This was interpreted as being due to an orientation effect
caused by the initial novelty of the stimulus; therefore, the first trial was eliminated
from further analysis. A repeated-measures MANOVA was performed on the
scaled mean EMG response amplitudes for the total sample (n = 58), with the
pre-task emotional valence assignments as a single within-subjects factor with three
levels (positive, neutral, and negative) and zygosity as a single between subjects
factor with two levels (MZ, DZ). As anticipated, there was a significant effect for
valence, F(2,112) =14.30, P <0.001 (Table 2). Also, as expected, there were no
significant main or interaction effects involving zygosity. Paired 7-tests were used to
compare differences in reflex magnitude among the valence categories. Examination
of the scaled data indicated significant differences between the mean EMG re-
sponses for all three valence conditions (P < 0.05). Responses were largest for the
negative, intermediate for the neutral, and smallest for the positive condition. An
identical pattern of significant results was obtained when the unscaled data were
examined.

Table 2 displays the intraclass correlations for the mean EMG startle responses
in each emotional valence condition for the MZ and DZ twin pairs. Since it was
anticipated that members of twin pairs would be alike on the dependent measures
and that the MZ twins would be more alike than the DZ twins, one-tailed tests of
significance were used to evaluate all correlations in this study. The intraclass
correlations for the MZ twins were significant for all three slide valence categories,
as-well as the mean response amplitude across all slides, using both scaled and
unscaled data. In contrast, none of the intraclass correlations for the DZ twins
attained significance. Although the MZ correlations were consistently more than
twice the DZ values, with these small samples, these differences were not statisti-
cally significant.

Intraclass correlations for the mean modulation scores reflecting the percent
change in EMG response amplitude between affective and neutral slides are
presented in Table 3. Scores for both positive and negative modulation showed a
significant correlation for MZ twins. As with the responses during each of the
valence conditions, the correlations for modulation scores of the DZ twins were not
significantly different from zero.

It is possible that slides associated with the extremes of emotional valence,
because they can be expected to elicit stronger modulatory reactions, would elicit
responses that are less sensitive to measurement error and more sensitive to possible
genetic effects. To evaluate this possibility, startle responses to the three slides in
the positive and negative conditions rated by subjects as being the most emotionally
positive or negative, respectively, were examined. For comparison purposes, a
neutral slide group was created by averaging responses for the three slides with
valence ratings closest to the mean neutral rating. The mean valence and arousal
ratings for these extreme slides are given in Table 1. Slides were selected based on
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Table 3

Mean EMG modulation scores, S.D.s and intraclass correlations for the positive and negative slide
categories

Variable Mean S.D. Pay oz z
All scored trials
Negative modulation 15.08 41.50 0.52% 0.08 1.16
Positive modulation ~7.19 28.41 0.64%** 0.16 1.40
Extreme valence trials only
Negative modulation 42.99 114.20 0.56** 0.23 0.93
Positive modulation —6.47 42.18 0.63%** 0.26 1.11

rmz intraclass correlation for 17 pairs of MZ twin; rp,, intraclass correlation for 12 pairs of DZ twins.
A z-statistic was used to test the hypothesis that r,,>rp,; z>1.65 are significant at P<0.05. P-values
are one-tailed.

* P<0.05, ** P<0.01, *** P<0.005.

the mean valence ratings across all subjects, and were the same for everyone.
Table 2 displays the intraclass correlations for the EMG blink amplitude of the
MZ and DZ twin pairs for each of these extreme valence conditions. As with the
correlations based on all trials, the intraclass correlations for the MZ twin pairs
were significant in all three extreme valence conditions, while the correlations for
the DZ twins were not. However, unlike the situation with all trials, the MZ
twins were more similar than the DZ pairs in their responses during the extreme
positive and neutral conditions with the scaled data (P <0.05). The correlations
based on the modulation scores for the extreme positive and negative slides
(Table 3) were also significant for the MZ twin pairs and non-significant for DZ
twins.

4. Discussion

The MZ twin pairs were found to have similar EMG response amplitudes to
all three categories of slides. The MZ intraclass correlations were consistently at
least double those of the DZ pairs. On the other hand, DZ twins showed no
significant similarity for any of these variables. In addition to the mean response
amplitude to the affectively neutral slides, the other measure indexing the reactiv-
ity of the primary startle system, the mean EMG response amplitude across all
trials, was also significantly similar for the MZ pairs. DZ pairs were, again, not
significantly similar. The MZ correlation was at least double those of DZ pairs.
Modulation scores indexing the percent increase or decrease in EMG amplitude
for the negative and positive conditions relative to the neutral, also followed this
pattern. In addition, the slides with the most emotionally extreme valence ratings
were examined in hopes of assessing emotional modulation with greater sensitiv-
ity. The results differed little from those based on the entire slide set.






