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Wehave previously shown that personswith lowHRV showedpotentiated startle responses to neutral stimuli. In
the present studywe replicated our priorfindings and extended them to examine the effects of HRV on the startle
magnitude to pictures that were presented outside of conscious awareness. A total of 85 male and female
students were stratified via median split on their resting HRV. They were presented pictures for 6 s or for
30 ms. Results indicated that the high HRV group showed the context appropriate startle magnitude increase
to unpleasant foreground. The low HRV group showed startle magnitude increase from pleasant to neutral
pictures but no difference between the neutral and unpleasant pictures. This pattern of results was similar for
the 30 ms and the 6 s conditions. These results suggest that having high HRV may allow persons to more
efficiently process emotional stimuli and to better recognize threat and safety signals.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

Individual differences in physiology have been associated with a
range of cognitive, affective and behavioral processes including psycho-
pathology. Such individual differences may help to better characterize
persons with various disorders and thus provide important insights
into their etiology and treatment. Two physiological variables that
have been investigated in this context are the emotion modulated
startle response (SR) and heart rate variability (HRV).

The emotion modulated SR has proven to be a reliable and robust
indicator of affective responding. Importantly, individual differences
exist in the SR (Vaidyanathan et al., 2009). In persons without obvious
pathology startle responses in the presence of unpleasant foregrounds
are potentiated and responses in the presence of pleasant foregrounds
attenuated relative to neutral foregrounds. However in persons with
various pathologies this normal pattern may be altered. For example,
in persons with simple phobias or high trait negative affect, SR in the
presence of phobic specific or unpleasant foregrounds may be exagger-
ated (Hamm et al., 1997). Similarly Patrick and others have shown that
persons scoring high on psychopathic traits may show attenuated SR in
the presence of unpleasant foregrounds (e.g.,Vaidyanathan et al., 2009).
Recently, a growing body of literature suggests that persons that show
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potentiated SR in the presence of neutral foregrounds or during the
inter-trial intervals may have or be at risk for the development of at
least certain anxiety disorders (Craske et al., 2012). Thus the pattern
of SR responses to various foregrounds may provide useful information
about the types of deficits or disorders the individual may manifest.

Similarly individual differences in resting HRV have been used to
characterize persons with or at risk for the development of various
disorders. Low restingHRV has been related to a range of psychopathol-
ogies including depression, anxiety, and schizophrenia as well as
various pathophysiologies such as cardiovascular disease and diabetes
(Clamor et al., 2014; Thayer et al., 2010). Recently it has been shown
that low resting HRV was characteristic of a range of anxiety disorders
including generalized anxiety disorder, panic disorder, social anxiety
disorder, and obsessive–compulsive disorder (Pittig et al., 2013). In ad-
dition we have recently shown that low resting HRV was prospectively
related to elevated anxiety symptom scores in a college sample (Gillie
et al., 2012). Interestingly, to date, few studies have examined resting
HRV and emotion modulated SR in the same study.

In one study that examined the relationship between resting HRV
and SR we showed that individual differences in resting HRV were
associated with differences in the pattern of emotion modulated startle
responses (Ruiz-Padial et al., 2003). Specifically, those individuals in the
highest quartile of HRV showed the expected startle potentiation to
unpleasant pictures and the expected startle attenuation to the pleasant
pictureswhereas those in the lowest quartile failed to show this expect-
ed pattern. Importantly, the persons in the lowest quartile showed sim-
ilarly large startle responses to the neutral as well as the unpleasant
pictures. These results suggested that those persons with low HRV
showed undifferentiated responses to neutral and unpleasant pictures
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Table 1
Mean age (and standard deviation) of each group of participants.

High HRV Low HRV TOTAL

Female Male Combined Female Male Combined

Conscious (N = 44) 21.09 (2.58)
(N = 11)

20.92 (2.19)
(N = 12)

21 (2.33)
(N = 23)

20.27 (1.90)
(N = 11)

19.9 (1.10) (N = 10) 20.09 (1.55)
(N = 21)

20.57
(2.03)

Non Conscious
(N = 41)

21.91 (1.30)
(N = 11)

19.75 (1.49) (N = 8) 21 (1.73)
(N = 19)

21 (1.41) (N = 8) 22.07 (3.65)
(N = 14)

21.68 (3.03)
(N = 22)

21.36
(2.51)

TOTAL 21 (2.06) 20.91 (2.52) 20.95
(2.29)

1 The IAPS pictures used in this study were: Pleasant: 4607, 4608, 4631, 4652, 4653,
4658, 4659, 4660, 4664, 4670, 4672, 4680, 4690, 4800, 4810; Neutral: 7000, 7002, 7010,
7025, 7030, 7035, 7040, 7050, 7060, 7170, 7205, 7207, 7217, 7224, 7820; and Unpleasant:
3010, 3030, 3053, 3060, 3110, 3140, 3160, 3190, 3210, 3230, 3250, 3300, 3350, 3400, 9400.
Based on the Spanish norms the Pleasant [mean (sd) = 6.9 (0.56)], Neutral [mean
(sd) =5.14 (0.30)], andUnpleasant [mean (sd) 2.2 (.91)] slides differed significantly from
each other on valence, Pleasant versusNeutral, F (1,42) = 56.8, p b 0.001, Pleasant versus
Unpleasant, F (1,42) = 401.0, p b 0.001, Neutral versus Unpleasant, F (1,42) = 155.9,
p b 0.001. Both the Pleasant [mean (sd) = 6.7 (0.40)], and Unpleasant [mean
(sd) = 6.9 (0.68)] slides differed significantly on arousal from the Neutral [mean
(sd) =3.2 (0.48)] slides, F (1,42) = 324.3, p b 0.001, and F (1,42) = 364.9, p b 0.001, re-
spectively, but did not differ from each other, F (1,42) = 1.2, p = 0.28.
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and may have difficulty recognizing “safety” signals. The notion that
persons with, or at risk for, various psychopathological conditions
have an impaired ability to recognize “safety” signals is gaining support
in the literature (Bishop et al., 2004; Craske et al., 2012; Lissek et al.,
2005; Melzig et al., 2009; Maier et al., 2006; Thayer et al., 2012).
Specifically, numerous researchers have reported that these at-risk indi-
viduals may be over generalizing the threat they perceive in the
environment leading to less context appropriate responses. That those
persons show threat responses to neutral stimuli is in accordance with
our notion that the default response to uncertainty is the so-called
“default stress response” (Thayer et al., 2012; Verkuil et al., 2010).

We have previously shown that persons with low resting HRV lack
the necessary restraint to produce a context appropriate response and
instead emit the default stress response in the presence of non-
threatening or “safe” contexts (Thayer et al., 2000; Melzig et al., 2009;
Park et al., 2013). Thus in the present experimental setting we hypoth-
esized that such persons would show exaggerated startle responses not
so much to aversive contexts but to neutral contexts. In our prior study
this was found in response to foreground stimuli that were presented
over a wide range of picture viewing durations including some that
we thought to be outside of conscious awareness. However if our hy-
pothesis about the default stress response is correct, we should see
this also when stimuli are clearly outside of conscious awareness as
this would be evidence of the early, initial “default” response.

The further investigation of the effects of resting HRV on startle re-
sponses to emotional stimuli is called for in order to clarify the nature
of the modulatory effects of HRV on startle responses under a range of
conditions not previously investigated in the same study. As we have
described in detail previously (Ruiz-Padial et al., 2003), the neural cir-
cuitry of the startle reflex suggests that the affective modulation is
achieved via a pathway involving the central nucleus of the amygdala
(CNA). The CNA is furthermodulated by inhibitory inputs from the pre-
frontal cortex (see Thayer & Lane, 2009 for a detailed description of this
circuitry). Importantly, we have shown repeatedly thatHRV is related to
activity in the prefrontal cortex and to emotion regulation (e.g., Thayer
et al., 2012; Lane et al., 2013; Allen et al., in press). Thus, we expect, and
have previously shown, that individual differences in HRV should be re-
lated to the emotional modulation of the SR (Ruiz-Padial et al., 2003;
Melzig et al., 2009).

In our prior study we included a range of picture viewing durations
some of which we thought to be outside of conscious awareness. In the
present study we chose one subliminal picture viewing duration and
hypothesized that personswith low restingHRVwould respond to neu-
tral as well as aversive foregrounds with similar startle responses even
when those stimuli are presented very briefly and with a backward
mask so that participants can not consciously report the nature of the
foreground stimulus.

In addition, there were several other limitations to our prior study of
HRV and startle which we hoped to rectify as well. First, in the prior
study all participants were female. Thus one could not ascertain that
the findings would generalize to males. Therefore in the present study
approximately equal numbers of females and males served as partici-
pants. Furthermore, in the prior study no measures of psychological in-
dividual differences such as measures of personality were included.
Recent research suggests that the nature of the SR response in the
presence of an unpleasant foreground varies as a function of a bipolar
dimension of trait fear with fearful individuals showing potentiated SR
to unpleasant pictures whereas fearless/psychopathic individuals
showing attenuated SR to unpleasant pictures (Vaidyanathan et al.,
2009). However those studies have not included measures of resting
HRV. Importantly, numerous studies have shown that psychopathic
traits may be identified using the five-factor model of personality
(see Lynam and Derefinko, 2006 for a comprehensive review). Thus it
is possible that the combination of measures of personality and resting
HRV might help to clarify the nature of the SR response of low HRV
persons to unpleasant and neutral pictures. Therefore in the present
study all participants completed the NEO-FFI (Costa and McCrae,
1992) and at least we could examine themajor dimensions of personal-
ity as a possible explanation for our prior findings.
2. Method

2.1. Participants

Participants were 85 students of the University of Jaén (41 female)
with a mean age of 20.95 (sd = 2.29). They were distributed into two
groups (conscious and non conscious) according to the duration of the
picture that produced an ineffective and effective masking effect, re-
spectively.Moreover, theywere classified into high and lowHRVgroups
using a median split on their baseline HRV (see Table 1 for details on
each group). However HRV was also analyzed as a continuous variable.
They were given course credit for their participation. None was under-
going psychiatric or pharmacological treatment. All participants had
normal or corrected to normal vision and hearing. This study was
reviewed by the local institutional review board and all participants
gave their written informed consent.
2.2. Materials and design

Forty-five pictures (15 pleasant, 15 neutral and 15 unpleasant) were
selected from the International Affective Picture System slides on the
basis of their valence and arousal ratings from the Spanish norms
(Moltó et al., 1999).1 Each picturewas presented for 6 s in the Conscious
group and for 30 ms in the Non-conscious group (Ruiz-Padial et al.,
2011). The pictures were followed by a 100 ms mask consisting of an
image that did not contain a recognizable object (see Fig. 1). This
mask had a backward masking effect only in the Non-conscious group.



Fig. 1. Diagram representing the picture–mask sequence in the conscious and Non-conscious group in a probe trial (P: picture; M: mask).
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There were 54 trials distributed as follows: 33 pictures (11 of each
valence) with an acoustic startle probe (occurring between 3 and 4 s
after the onset of the picture in the Conscious group and randomly
between 870 ms and 1870 ms after the end of the mask in the Non-
conscious group), 12 picture only (buffer trials) and 9 startle only
(base startle) trials presented in one of three orders. The interval
between trials was between 19 and 26 s (a graphical illustration of the
sequence of a probe trial can be seen in Fig. 1). Two Kodak Ektapro
9000 projectors were used to display the slides and the mask. The use
of projectors is the favored method to present brief stimuli as they
allow for the exact control of exposure times (Wiens et al., 2004). The
images were displayed on thewall 2.5 meters in front of the participant
with viewing dimensions of 100 × 70 centimeters.

The acoustic startle probe stimulus was a white noise burst (105 dB,
50ms duration with a virtually instantaneous rise-time) delivered via a
Letica LE150 audio stimulator. The soundswere presented through high
quality headphones (Vivanco SR 160) that were calibrated with a Bruel
& Kjaer sonometer (model 2235) using an artificial ear (model 4153).

Every participant completed the Spanish version of the NEO-five
factor inventory (NEO-FFI, Costa and McCrae, 1992, adapted to Spanish
by Sanz et al., 1999, obtaining a Cronbach's α between 0.89 and 0.91).
This questionnaire is composedof 60 items on a 5-point scale that assess
five factors of personality (Neuroticism, Extraversion, Openness, Agree-
ableness and Conscientiousness).
2.3. Physiological recording and data reduction

Data acquisition and recording of both ECG and EMG were carried
out using a Biopac MP100 system using standard filter settings (Biopac
System Inc., Goleta, CA). Data acquisition and stimulus control were
monitored by VPM 10 (Cook, 1994).
Facial EMG was recorded from two Ag–AgCl electrodes placed over
the orbicularis oculi muscle of the left eye. The raw EMG signal was re-
corded at 1000 Hz and was rectified and integrated by using a 75-
millisecond time constant using VPM (Cook, 1994) and startle-blink
amplitudes were defined as the difference in microvolts between peak
and onset of the integrated response. ECG data were recorded using
three Ag–AgCl electrodes placed following lead II and sampled at
1000 Hz. Beat-to-beat heart rate data were extracted, and a semi-
automated process was used to correct these data for artifacts within
VPM. This process yielded baseline time series of 5 min duration.

Time and frequency domain analyses were performed on these data
using a custom HRV package. Time domain analysis provided estimates
of rootmean square successive difference inms (RMSSD) and heart rate
in beats per minute (HR). Spectral analyses using an autoregressive al-
gorithm following the Task Force of the European Society of Cardiology
and the North American Society of Pacing Electrophysiology, 1996
were performed. The frequency domain measure of high frequency
(HF: 0.15-0.4) power that has been associated with respiratory-
modulated parasympathetic outflowwas used to index vagally mediat-
ed HRV. RMSSD and HF power were highly correlated in the present
study, r= 0.86, p b 0.0001. The central frequency of the high frequency
component (HFF) has been shown to correlate with strain gauge mea-
sures of respiration frequency and was used to derive respiration fre-
quency in the present study (Thayer et al., 1996; Thayer et al., 2002).
Spectral estimates of power (ms2/Hz) were transformed logarithmical-
ly (base 10) to normalize the distribution of scores.
2.4. Procedure

Prior to the experimental session, an interview was conducted in
order to ascertain age, visual or auditory deficits, health, and



Table 2
Results of the recognition test showing the percentage of correct responses (with confi-
dence ratings in parentheses), false negatives, false positives (with confidence ratings in
parentheses), and correct rejections.

Targets Distractors

Correct
answer

False
negative

False
positive

Correct
rejection

Conscious group 90.25% (9.75) 9.75% 3.79% (7.63) 96.21%
Non-conscious group 4.79% (5.88) 95.20% 2.63% (5.18) 97.37%
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pharmacological or psychiatric treatment. After receiving instructions,
completing theNEO, and having the electrodes and earphones attached,
participants were left alone in a darkened room. After a 10-minute rest-
period, a five-minute recording was taken as baseline preceding the
experimental phase duringwhich the stimuli were presented according
to the sequence described above (see “Materials and design” section).

Once the experimental phase was over, participants completed a
subjective reaction questionnaire that included ratings of intensity and
unpleasantness of the auditory stimuli and a recognition questionnaire
with questions about the pictures. There were no differences in ratings
of intensity or unpleasantness as a function of group and these results
will not be considered further (data not shown). The recognition ques-
tionnaire included 90 pictures (45 targets that had been shown in the
experimental phase, and 45distracters belonging to the same categories
as the target, that is, erotic couples, household objects, and mutilations,
but that were not shown during the experimental phase) and consisted
of a forced-choice test where ratings of the confidence of the choice on a
0 (no confidence) to 10 (complete confidence) scale was asked to every
participant.
2.5. Design and statistical analysis

For the emotion-modulated startle responses we examined the
average of all eleven startle trials, the first six trials, and the last 5 trials
separately. The analyses of the early and late trials are in Supplementary
data. In addition, independent groups of participants were formed on
the basis of their baseline logHF using a median split. To investigate
the effect of HRV on emotion-modulated startle magnitude we used a
three between group (sex, HRV median, and viewing time) and two
within group (valence and trial) analysis of variance (ANOVA) design.
The Greenhouse–Geisser correction was used to control for violations
of sphericity (Vasey and Thayer, 1987). However to test our hypotheses
pre-planned single degree of freedom one-tailed simple effects tests
were used (Rosnow and Rosenthal, 2009). η and r were used as mea-
sures of effect size and the counternull effect size reported for omnibus
F tests (Rosnow and Rosenthal, 2009).

In addition, HRV was used as a continuous variable in regression
analyses2.
3. Results

3.1. Recognition questionnaire results

As can be seen in Table 2, the conscious group recognized correctly
most of the targets with a high confidence (90.2%, 9.75 mean value
confidence rating) while the Non-conscious group recognized very
few (4.8 %, 5.88 confidence). Moreover, the Non-conscious group
“recognized” a similar number of distracters as targets (2.6%, 5.18 confi-
dence), whichmeans that they really could not distinguish any pictures.
2 Ordinary least squares regressionwith repeatedmeasures is not recommended due to
problems estimating the appropriate error term (Cohen et al., 2003, pp. 573–576). Thus to
examine the association between HRV as a continuous variable and SRmagnitude during
the neutral and unpleasant foregrounds, change scores were calculated in which the SR
magnitude during the neutral trials was subtracted from the SRmagnitude during the un-
pleasant trials (SR unpleasantminus SR neutral). Larger values of this change score are as-
sociated with the expected startle potentiation during unpleasant foregrounds whereas
smaller values indicate smaller differences between the SR magnitude during the neutral
and unpleasant foregrounds. This change score was then regressed with HRV as a contin-
uous variable. The association was positive and significant (β = 0.217, t(84) = 2.02,
p= 0.046) and indicated that those with higher HRV had a larger SR during the unpleas-
ant foreground compared to the neutral foreground. Moreover, the addition of viewing
time to the model was not significant (β = −0.056, t(84) = −0.517, p = 0.61) and
the effect for HRV remained significant (β = 0.212, t(84) = 1.97, p = 0.05). Sex was
not significantly related in these models similar to the ANOVA results (data not shown).
3.2. Analysis of HRV groups

Table 3 presents themeans and standard deviations for the HRV and
startlemeasures by group and picture type. As expected theHRV groups
differed significantly on HR, RMSSD, and logHF. Importantly the groups
did not differ on respiration frequency.

3.3. Results for all 11 trials

The expected significant main effects were found for valence
[F(2,154) = 15.18, p b 0.001, ε = 0.99] and for trials [F(10,770) =
16.74, p b 0.001, ε = 0.42]. In addition there was a significant
valence × viewing time interaction [F(2,154) = 8.51, p b 0.001,
ε =0.99]. Trials did not interact with any factor. These results are
consistent with the well-replicated finding that, whereas the magnitude
of the startle responses decreases over time, the emotion-modulated star-
tle effect to supraliminally presented pictures is resistant to habituation
(Bradley and Lang, 2000). The valence × viewing time interaction
showed that the effects were attenuated for the 30 ms viewing time
relative to the 6 s viewing time.

To test our hypotheses pre-planned contrasts for the average of the
11 trials for the low and highHRV groups separatelywere used to ascer-
tain if the present results replicated our prior findings (see Table 3
and Fig. 2). For the high HRV group the expected linear trend and
non-significant quadratic trend were found [linear: t(77) = 4.43,
p b 0.001, r = 0.45; quadratic: t(77) = 0.01, p = 0.50, r = 0.001]. In
addition the expected pattern of potentiated startle for the unpleasant
foregrounds [t(77) = 2.44, p = 0.01, r = 0.07] and attenuated startle
for the pleasant foregrounds [t(77) = 2.34, p = 0.01, r = 0.066]
(both relative to the neutral foregrounds) was replicated. For the low
HRV group the expected significant quadratic trend was found [qua-
dratic: t(77) = 2.08, p= 0.02, r= 0.23]. In addition the expected pat-
tern of potentiated startle for the unpleasant [t(77) = 2.75, p = 0.003,
r= 0.089] and the neutral [t(77) = 3.18, p= 0.001, r= 0.12] relative
to the pleasant foregroundswas again found (see Table 3). Therewas no
difference between the neutral and unpleasant foregrounds [t(77) =
0.28, p = 0.39, r = 0.001]. Importantly, the HRV groups × viewing
time × valence interaction was not significant [F(2,154) = 0.56, p =
0.57, ε = 0.99, η = 0.007, η (counternull) = 0.014].

Thus the present results replicate our prior findings, including the
non-significant three-way interaction, and more clearly suggest that
the effects of resting HRV on emotion-modulated startle responses
were similar for those foregrounds forwhich the participants could con-
sciously report their content as well as for those for which they could
not accurately report their content (see Fig. 3). The counternull effect
size of r = 0.014 (r2 = 0.0002) for the triple interaction further sup-
ports the notion that the pattern was similar for the 6 s and the 30 ms
viewing durations. That is, themaximum amount of variance accounted
for by this interaction and supported at the same level of significance is
less than 0.0002% variance. Thus it is highly unlikely that the pattern for
the 6 s and the 30ms viewing durations differed in anymeaningful way
as the amount of variance accounted by this effect is zero to the third
decimal place. Thereforewhereas the overall amplitude of the startle re-
sponses was smaller in the 30 ms condition compared to the 6 s condi-
tion the pattern was similar.



Table 3
Means and standard deviations for cardiovascular and emotion-modulated startle variables by heart rate variability groups.

Group HR RMSSD LogHF Respiration Pleasant Neutral Unpleasant

Low HRV 79.24 (10.08) 34.99 (12.86) 4.84 (.66) 0.24 (.06) 52.16 (30.39) 64.28 (32.35) 63.26 (33.04)
High HRV 72.15 (10.56) 78.00 (34.74) 6.54 (.63) 0.23 (.05) 68.69 (30.50) 77.64 (32.47) 86.66 (33.16)
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In summary, the interaction of HRV groups × viewing time × valence
was not significant suggesting that the effects of HRV on SR modulation
were the same for both the 6 s and 30ms viewing durations. This finding
was corroborated by the regression analyses showing that viewing time
was not related to the relationship between HRV and SR during the
pleasant and unpleasant foregrounds. Despite this lack of effect for view-
ing duration, whenwe specifically tested the effects for the 6 s and 30ms
viewing durations separately we found that HRV significantlymodulated
the SR responses such that persons with high resting HRV showed the
context appropriate SR effects whereas those with low resting HRV
showed a lack of differentiation between the neutral andunpleasant fore-
grounds for both viewing durations (see Supplementary data).

3.4. Sex effects

There were no significant main effects or interactions involving sex
in any of the analyses. Therefore the present results extend our prior
findings by showing that the effects of HRV on startle responses held
for both women and men.

3.5. HRV groups and the NEO-FFI

The HRV groups did not differ significantly on any dimension of the
NEO-FFI (see Table 4 for descriptive results) and there were no signifi-
cant correlations between HRV and any NEO-FFI dimension. Therefore
it is unlikely that any personality dimension interactedwithHRV to pro-
duce the pattern of SR reported here and that our HRV results were
merely a proxy for at least these psychological individual difference
variables.

4. Discussion

The results of the present study replicate and extend our prior find-
ings and showed that those individualswith higher restingHRV showed
the expected context appropriate pattern of startle modulation as a
function of affective foreground. Furthermore, similar to our prior find-
ings, for those with lower resting HRV startle responses to the unpleas-
ant and the neutral foregrounds did not differ. Thus persons with low
resting HRV produced less differentiated and context appropriate re-
sponses. There were no significant three way interactions involving
viewing duration for any combination of trials suggesting that the
Fig. 2. Startle magnitude for the three categories of pictures as a function of heart rate
variability.
effects were similar for both the 6 s and the 30 ms viewing durations
replicating exactly our prior study. Importantly by including measures
of personality aswell as restingHRVwemay be better able to character-
ize this altered pattern of responding found in the low HRV group. We
will elaborate on this point later.

In the present study we extended our prior findings in several
important ways. First, whereas our prior study had a range of picture
viewing durations including some that were assumed to be outside of
conscious awareness, in the present study we more systematically ex-
amined the effects of picture viewing duration by probing the recogni-
tion of the foreground pictures used in both the 6 s and the 30 ms
conditions. The present findings showed that whereas the effects for
the 30ms viewing duration were somewhat attenuated and habituated
after 6 trials, they did not differ significantly from the results obtained
for the 6 s viewing duration even though the participants could not con-
sciously recognize the foreground pictures. Second, in our prior study
we had only female participants. This left open the question as to
whether our results would extend to men. In the present study approx-
imately equal numbers of women andmen were examined. The results
found no significant main effects or interactions with sex. Finally, our
prior study did not include measures of psychological individual differ-
ences such as personality that could help to characterize the nature of
the SR to unpleasant pictures. In the present study the NEO-FFI was
Fig. 3. a. Startle magnitude for the three categories of pictures in the Conscious group as a
function of heart rate variability. 3b. Startle magnitude for the three categories of pictures
in the Non-conscious group as a function of heart rate variability.

image of Fig.�2
image of Fig.�3


Table 4
Mean (and standard deviation) for each dimension of the NEO-FFI by HRV group.

Neuroticism Extraversion Openness Agreeableness Conscient.

High HRV 22.55 (6.98) 31.93 (4.81) 28.55 (6.07) 33.40 (3.70) 29.45 (5.88)
Low HRV 24.12 (9.60) 30.46 (7.12) 30.86 (5.93) 33.56 (5.11) 31.28 (7.09)

334 E. Ruiz-Padial, J.F. Thayer / International Journal of Psychophysiology 94 (2014) 329–335
given to all study participants. TheHRV groups did not differ significant-
ly on any dimension of the NEO-FFI.

Three patterns or phenotypes of altered SR response have been de-
tailed in the literature. Each of these patterns or phenotypes has been
associated with different disorders or risk for disorders. One pattern is
that of exaggerated SR to unpleasant pictures. This pattern has been
most often reported in phobics to phobic foreground stimuli or in
those with high levels of trait fear (Hamm et al., 1997). In the present
study there was no evidence of exaggerated SR to the unpleasant pic-
tures or high levels of trait fear as indexed by Neuroticism scores in
the low HRV group. An opposite pattern of attenuated SR responses to
unpleasant pictures has been found in those high on fearlessness/
psychopathy. Looked at in isolation it is possible that the SR response
in the low HRV group in the present study fits this pattern. Patrick and
colleagues have investigated in detail the factors that appear to be relat-
ed to this phenotype. Specifically, they have found that persons that
score high on the PCL-R Factor 1, the interpersonal/affective dimension,
show a pattern of attenuated SR to unpleasant or aversive pictures
(Vaidyanathan et al., 2009). Moreover, they found that threat scenes
more so than mutilation scenes, such as used in the present study,
were associated with this pattern. Importantly, psychopathic traits as
measured by the Hare Psychopathy Checklist-Revised (PCL-R; Hare,
1991) can be “translated” into the five-factor model (FFM) of personal-
ity that is measured by the NEO-FFI (Lynam and Derefinko, 2006). Spe-
cifically, the PCL-R Factor 1 that Patrick and colleagues have found to be
associated with attenuated SR to unpleasant foregrounds is associated
with low Agreeableness, and to a lesser degree low Conscientiousness,
and low Neuroticism (Lynam and Derefinko, 2006, Table 7.3). In the
present study based on the scores on the NEO-FFI we found little evi-
dence that low HRV persons showed signs of fearlessness as indexed
by low Agreeableness, low Conscientiousness, and low Neuroticism
scores. Importantly, whereas there are few studies that have examined
psychopathy and HRV, we have previously shown that persons scoring
high on this interpersonal/affective dimension actually have higher
resting HRV not lower (Hansen et al., 2007). Other researchers using
phasic HR responses also suggest that persons scoring higher on this di-
mension have greater vagally mediated cardiac activity (Kelsey et al.,
2001). Thus taken together, the use of mutilation pictures, the low rest-
ing HRV, and the lack of evidence of psychopathic traits in the present
study suggest that the SR pattern evident in the low HRV group is not
one of attenuated responses to the unpleasant pictures. However
given that we did not measure the fearlessness dimension of psychopa-
thydirectly, future studies inwhich it ismeasured directly are needed to
further support this conclusion.

The third pattern of SR responding that has been identified is that of
persons with anxiety disorders showing potentiated SR responses to
neutral pictures and thus an over generalization of threat responses.
For example Craske et al. (2012) have recently shown that potentiated
SR during neutral periods prospectively predicted development of anx-
iety. In the present study the absence of NEO-FFI effects combined with
the low resting HRV suggests that the lack of differentiated SR to the
neutral and unpleasant pictures is most likely due to over generalized
threat responses and thus potentiated SR to the neutral pictures. Future
research is needed to more definitively assess the nature of the SR re-
sponse to neutral and unpleasant pictures in persons with low HRV.
However we can say with a certain level of confidence that relative to
persons with high HRV, those with low HRV do not show context
appropriate responses and thus may be more likely to interpret the
ambiguous neutral stimuli as threatening.
Taken together with our prior studies, the present results appear to
contribute to the growing literature that suggests that a failure to distin-
guish between threat and neutral conditions (i.e., a failure to recognize
“safety” signals) characterizes individuals with, or at risk for, at least
certain forms of pathology (Bishop et al., 2004; Craske et al., 2012;
Lissek et al., 2005; Melzig et al., 2009; Maier et al., 2006; Thayer et al.,
2012). Importantly, the response generated in such ambiguous, non-
threat situations appears to be an over-generalized threat response.
We have termed this the “default stress response” and believe that
this represents an otherwise adaptive response gone awry (Thayer
et al., 2012; Verkuil et al., 2010). Consistent with our hypothesis, in
thepresent studywe report that this default response, as indexed bypo-
tentiated startle responses in the neutral condition, was found in low
HRV persons even when the foreground stimuli were not consciously
recognized and therefore even more ambiguous. The neural concomi-
tants of conscious awareness have recently been investigated and
found to consist of a network of neural structures that includes the
amygdala and the ventromedial prefrontal cortex (vmPFC) (Williams
et al., 2006). This same network linksHRVwith the affectivemodulation
of the SR (Ruiz-Padial et al., 2003). Whereas this network appears to be
activated for both consciously perceived and non-consciously perceived
stimuli, it appears that reentrant feedback is necessary for conscious
awareness. Importantly, independent of level of awareness a negative
connectivity between the amygdala and the vmPFC was found. Howev-
er, the connectivity was greater for stimuli that were consciously per-
ceived. Of particular relevance to the present study, the network of
structures identified byWilliams et al. (2006) overlaps nearly identical-
ly with the set of neural structures found in a recentmeta-analysis to be
associated with vagally-mediated HRV (Thayer et al., 2012). It appears
that the neural structures that shape context appropriate responses
across various levels of awareness are also associated with the neural
concomitants of HRV and its affective modulation of the SR. Thus, the
present finding that individuals with higher levels of resting HRV are
more able to emit context appropriate responses even when the fore-
ground stimuli are degraded suggests that such individuals may be bet-
ter able to detect threat and safety signals and may therefore be more
robust against the risk for future psychopathology. Clearly, further re-
search is needed to clarify the conditions under which the default stress
response appears, the individuals that show it, and the implications of
this response for interventions.

Some researchers have found significant sex differences in startle as
well as cardiac responses to affective pictures (Bradley et al., 2001).
However, this effect may vary by picture category. For example,
Bradley et al. (1999) found no differences in the startle responses of
males and females tomutilation or erotic couple pictures. In the present
analysis sex did not significantly influence the effects of HRV on the
emotion-modulated startle responses to the mutilation and erotic cou-
ple pictures used in the present study. However it is possible that sex
differencesmay appear in theHRV-startle effects if other picture catego-
ries are used. Future researchers may therefore want to examine if the
present findings extend to other picture categories.

Whereas we rectified many of the limitations of our previous study
there remain some limitations to the present study. For example, it re-
mains to be seen if our findings might generalize to other categories of
affective foregrounds besides the erotic couples and the mutilations
used in the previous and present study. However our recent findings
with fear and disgust foregrounds suggest that the effects may general-
ize (Ruiz-Padial et al., 2013). Furthermore, it remains possible that other
psychological variables not measured in this study might account for
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our findings. Importantly future studies should specifically examine the
bipolar dimension of trait fear that Patrick and colleagues have found to
be related to the SR to unpleasant pictures.

In summary, the results of the present study replicate and extend the
literature on the effects of resting HRV on emotion-modulated startle
responses. It appears that these effects 1) are presentwhen the affective
foregrounds are presented at picture viewing durations that can not be
consciously recognized, 2) show that persons with low HRV show less
differentiated responses to neutral and unpleasant foregrounds,
3) hold for both women and men, and 4) are independent of at least
some psychological individual difference measures. The examination
of individual differences in resting HRV in relation to emotion modulat-
ed startle effectsmay explain additional variance in these paradigms. As
such researchers might fruitfully investigate in a systematic way how
individual differences in HRVmay influence the findings in this very ac-
tive area of emotion research.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ijpsycho.2014.10.005.
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