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Abstract
The present study examined whether a moderately aversive abdominal threat would lead to greater
enhancement in affect and pain-related defensive responding as indexed by the acoustic startle
(ASR) and nociceptive flexion (NFR) reflex in women compared to men. We also predicted sex
differences in threat-related autonomic arousal measured by skin conductance responses (SCR) to
acoustic startle and noxious sural nerve stimulation. Unpredictable threat was manipulated by
alternating 30 s safe (‘no abdominal stimulation will be given’) and threat (‘abdominal stimulation
may occur at anytime’) periods. The experiment consisted of two blocks, each containing 4 safe
and 4 threat periods in which the ASR or NFR was randomly probed 9-21 s following period
onset. Unpredicatable abdominal threat potentiated both ASR and NFR responses compared to
periods signaling safety. SCRs to acoustic startle probes and noxious sural nerve stimulation were
also significantly elevated during the threat versus safe periods. No sex differences in ASR or
startle-evoked SCRs emerged. However, nociceptive responding was moderated by sex; females
showed significant increases in NFR magnitudes across both safe and threat periods compared to
males. Females also showed greater threat potentiated SCRs to sural nerve stimulation than males.
Our findings indicate that both affect and pain-related defense and arousal systems are strongly
influenced by threat of an aversive, unpredictable event, a situation associated with anticipatory
anxiety. Females compared to males, showed greater nociceptive responding and pain modulation
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when exposed to an unpredictable threatening context, whereas affect-driven ASR responses
showed no such sex differentiation.

1. Introduction
Affective processes can interact with nociception and pain at a variety of levels including
pain generation, pain modulation, and pain response [28]. Several negative affective states
including anxiety have been consistently associated with increased clinical pain and
hyperalgesia in human experimental studies [1,6,13]. However, the relationship between
negative affect and pain is complicated by findings from an extensive animal literature
[4,20,26] and a few human studies demonstrating that high levels of negative affect inhibit
nociceptive and pain-like responses [3,25,34-35]. Rhudy and Meagher have proposed a
model to account for these findings which postulates that high intensity imminent threat
activates acute defensive systems resulting in pain inhibition while more unpredictable
anxiety provoking threats result in pain facilitation [36].

According to the model outlined by Rhudy and Meager, an environment containing an
unpredictable, moderately aversive threat is a potent generator of pain facilitation, yet to
date, this has not been well studied in humans [26,36,48]. Although a variety of techniques
have been employed in animal studies to examine acute and chronic stressors as they relate
to nociception and ‘pain’-like responses, human investigations have mostly relied upon
studying affect by either examining pre-existing individual differences or by viewing or
recalling images with varying levels of emotional content [17,23,45]. More recently, Rhudy
and colleagues have shown that a non-invasive measure of nociceptive signaling in humans,
known as the nociceptive flexion reflex (NFR), is enhanced when viewing unpleasant
emotional pictures, suggesting affect-related pain facilitation [38-39,41,43].

The primary purpose of the present study was therefore to examine the modulation of the
NFR by an unpredictable, moderately aversive threat using a well-established threat of
shock paradigm [29,47]. We have previously shown increases in self-reported negative
affect and the acoustic startle reflex (ASR) during periods in which female subjects were
threatened with a moderately aversive shock to the abdomen compared to periods that
denoted safety, or absence of shock [29,47]. This procedure is considered an unpredictable
threat since periods in which an aversive stimulation may occur are relatively long and the
stimulus may occur at any time. The current study aimed to extend these findings by
examining the effects of unpredictable threat on NFR responding in addition to ASR
reactivity and sympathetic arousal. Specifically, we hypothesized that acute periods of
unpredictable threat would lead to potentiated ASR and NFR responses indicative of
enhanced affective responding and afferent nociceptive signaling, respectively. We also
hypothesized that unpredictable threat would potentiate the sympathetic nervous system
(SNS) response (indexed by Skin Conductance, SC), and that the intensity of the SNS
response would be positively related to ASR and NFR magnitudes. Moreover, in light of
prior clinical and experimental evidence demonstrating significant sex-related differences in
pain sensitivity and the greater prevalence of chronic pain and anxiety disorders in women
compared to men, as well as increased SNS responses in males relative to females
[8,18-19,37], we predicted sex differences in NFR and ASR responses, with women
showing greater magnitude changes in their threat-related NFRs and ASRs, and men
displaying greater SNS responses.
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2. Methods
2.1. Subjects

A sample of 60 healthy male (n = 31) and female (n = 29) adults between the ages of 18 and
42 years (mean = 22.15 years, SD = 3.92) were recruited by advertisement and through
flyers posted on the UCLA campus and in the surrounding Los Angeles community. After
informed consent was obtained, each subject underwent a medical history and physical
screening to exclude for 1) the current use of psychoactive medication; 2) psychotic, major
depressive, or substance abuse disorders; and 3) major medical or neurological conditions
(e.g., epilepsy, diabetes, heart disease, pain disorders). Each subject was administered the
Hospital Anxiety and Depression Scales (HADS) to screen for the presence of anxiety or
depression symptoms [51]. If a subject scored above the standard clinical cutoff on HAD
anxiety or depression measures (> 11), the Mini International Neuropsychiatric Interview
(M.I.N.I.) Plus v. 5 [42] was administered by a trained nurse practitioner. Subjects were
excluded from the study if they were found on the M.I.N.I. to meet criteria for a current
anxiety or depression disorder. Subject’s body mass index (BMI) was also assessed along
with relevant demographic information (age, ethnicity and sex). Out of the 60 subjects
sampled, one subject was dropped from the study prior to the start of the experiment and 11
subjects were discontinued due to reaching pain tolerance prior to evoking a reliable NFR
during threshold assessment. Additionally, data from 3 subjects were excluded due to
technical recording problems. Therefore, a total of 45 (males = 25; females = 20) subjects
completed the entire study protocol (see Table 1). Of these subjects, 45.5% were White non-
Hispanic, 25.0% were Hispanic or Latino, 22.2% were Asian, and 6.7% were African
American. The majority of female subjects (75%) were naturally cycling while the
remaining females (25%) reported current use of an oral contraceptive or some other type of
hormone-based method for contraception (Depo-Provera). All procedures were previously
approved by The UCLA Institutional Review Board and conducted in accordance with NIH
guidelines for research in human subjects.

2.2. Apparatus
Data acquisition, analysis and stimuli presentation were accomplished using LabVIEW 8.6
(National Instruments, Austin, TX) software and A/D multifunction interface board
(National Instruments, PCI-6030E). All psychophysiological raw signals were recorded at a
sampling rate of 1000 Hz, filtered and amplified with Quad AC and Dual DC Grass
Instruments amplifiers (Grass Technologies, 15A54; West Warwick, RI). Skin conductance
was measured using a Grass Instruments SCA1 adaptor. The acoustic startle stimulus was
generated by the digital to analog converter on the multifunction board and consisted of a 50
ms burst of white noise at 105 dB SPL (0 ms rise time) presented binaurally through a pair
of stereophonic headphones (Sony, MDR-V700DJ). For NFR elicitation, transcutaneous
electrical stimulation was delivered to the sural nerve using a Digitimer constant current
stimulator (Digitimer, Ltd., DS7A; Hertfordshire, England). Sural nerve stimulation
consisted of a train of 5 rectangular wave pulses (1 ms width, 3 ms ISI) set to current
intensities determined to reliably evoke an NFR response during NFR threshold assessment
[38-39]. A Physio2go electronic muscle stimulator (Physio2go, EV807; Victoria, BC) was
used to deliver aversive abdominal shocks. The abdominal stimulation site was chosen in
anticipation of future studies with the same methodology to study visceral pain although it
should be noted that in a prior study of ASR to threat no differences were found between
abdominal or arm site threat trials [29]. Each stimulation to the abdomen consisted of a
pulse train (260 μs pulse width) lasting 1 s in duration, with a frequency of 130 Hz, and set
to a fixed current intensity level of 20.4 mA across individuals. This level of stimulation was
chosen to elicit a mild to moderately unpleasant muscle contraction [29,47]. Both stimulator
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devices are approved for human use and have built in protection circuits to prevent giving
subjects unsafe levels of stimulation.

2.3. Skin conductance response (SCR)
Skin conductance was measured using two Ag-AgCl (Grass Technologies, F-E9; 11 mm
diameter) disk electrodes attached to the volar surface of the index and middle finger of the
subject’s non-dominant hand and was collected for a 3 s pre-stimulus and 8 s post-stimulus
window for each of the acoustic startle probes and sural nerve stimuli. Skin conductance
level (SCL) in microsiemens (μS) was derived from the mean values of the pre-stimulus
windows. Skin conductance response (SCR) was operationally defined as the change in skin
conductance from the trough preceding the response to the apex of a response occurring in
the 8 s post-stimulus window. SCRs were expressed in μS and log-transformed to increase
normality.

2.4. Acoustic startle reflex (ASR)
Electromyogram (EMG) activity of the orbicularis oculi associated with the ASR was
recorded from 6 mm electrodes (Gereonics; Mission Viejo, CA) placed beneath the right eye
approximately 10 mm apart edge to edge, and 8 mm below the lower lid margin. In addition,
vertical electrooculograms (vEOG) were recorded from a pair of 11 mm electrodes (Grass
Technologies) placed above and below the left eye to facilitate identification of spontaneous
blinks, saccades, and large gaze shifts during offline scoring of orbicularis oculi EMG
responses. The ground electrode (Grass Technologies; 11 mm diameter) was placed in the
center of the forehead. The impedance level for all electrodes never exceeded 20 kΩ. Raw
orbicularis oculi EMG and vEOG signals were filtered with low and high frequency cut-off
values of 30 Hz and 1000 Hz and 0.01 and 30Hz, respectively, with the former signal
undergoing full-wave rectification and amplified 10,000× and the latter signal amplified
5000×.

Prior to conducting analyses, orbicularis oculi EMG activity was smoothed offline using a 2
ms moving average. Peak startle amplitude was defined as the highest point within a
window from 20 ms to 105 ms following startle onset relative to a 200 ms pre-stimulus
baseline period and was expressed in microvolts (μV). ASR magnitude scores were log
transformed to increase normality. Trials with excessive EMG activity or vEOG responses
during the 200 ms preceding the startle stimulus and during the first 20 ms following the
startle stimulus were rejected since these are often indicative of spontaneous blinks or
saccades. Trials with no discernable EMG response onset evident during the 20 to 80 ms
interval following the onset of the acoustic startle probe were scored as zero. Three subjects
had more than half their trials rejected or designated as zeroes and were excluded from all
subsequent ASR analyses, leaving a total of 42 out of 45 subjects in which ASR analyses
were conducted.

2.5. Nociceptive flexion reflex (NFR)
The procedure for individually determining the current intensity (mA) needed to reliably
evoke an NFR was adapted from Rhudy and France’s previously published protocol
[11,33,38-39]. For NFR elicitation, a bipolar stimulating electrode (Grass Technologies, F-
E10S2) was placed behind subject’s left ankle, directly over the sural nerve. NFR recording
was accomplished via surface EMG activity obtained from a pair of 20 mm diameter
electrodes (Grass Technologies) placed over the biceps femoris muscle of the ipsilateral
limb, approximately 10 cm above the superior popliteal fossa. Impedance levels for all NFR
recording and stimulation electrodes were always below 10 kΩ. Raw EMG data were
bandpass filtered at 10-300 Hz, amplified 20,000× and full-wave rectified. Sural nerve
stimulation was delivered at pseudorandomized intervals of 15-30 s to minimize habituation.
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After each stimulation, subjects were asked to verbally rate their pain using a scale displayed
on the computer screen ranging from 0, representing “no sensation”, to 100, representing
“maximum tolerable” level of stimulation (Fig. 1).

For all subjects, NFR threshold assessment began with a current intensity set to 1.5 mA.
Current intensity was increased in 1.5 mA steps until the NFR was evoked and then
decreased in 0.75 mA steps until the NFR was no longer elicited (Fig. 1). Based on prior
parametric studies [11,33] an NFR was considered present if the interval z score (NFR
interval mean – baseline mean/baseline standard deviation) was equal or greater than 1.38.
The up-down staircase procedure was repeated two additional times using 0.5 mA steps. The
intensity of the last two peaks and troughs were averaged and multiplied by 120% to obtain
the suprathreshold stimulus intensity (mA) level to be used for the remainder of the
experiment. Following NFR threshold assessment, two test electrical stimuli set to subject’s
suprathres hold stimulus intensity were delivered to the sural nerve and subject’s pain
ratings from these test trials were averaged and used as an index of pain at NFR
suprathreshold. In the event that a reliable NFR could not be evoked during threshold
assessment or if subject rated 100 on the intensity scale prior to NFR threshold detection,
subject was given the option of either repeating the threshold work-up procedure or
discontinuing the experiment. If upon repeating the procedure, the NFR threshold was still
not reached, subject was thanked for participating, debriefed and sent home.

Similar procedures for NFR elicitation and recording employed during threshold assessment
were used to probe the NFR during the experiment. Briefly, sural nerve stimulation
consisted of a train of 5 rectangular wave pulses (1 ms pulse width, 3 ms ISI) set at subject’s
suprathreshold stimulus intensity determined during the NFR threshold assessment
procedure. NFR magnitude was calculated by subtracting the mean bicep femoris EMG
activity (in μV) occurring in the pre-stimulus baseline interval window (−65 to −5 ms) from
the mean bicep femoris EMG activity (in μV) in the 90-150 ms post-stimulus interval
window and dividing by the pooled standard deviations to obtain a Cohen’s d value [34].

2.6. Experimental design and procedure
Figure 1 illustrates the experimental design and procedures for the ‘unpredictable threat of
abdominal shock’ paradigm. Upon arrival, each subject was familiarized with the laboratory
environment and given a brief audiometric test wherein a series of pure tones (1 kHz,15 dB)
were delivered randomly to the left and right ear using an audiometer (Ambco; Model
650A). Intensity level was increased in 5 dB steps until subject responded to hearing two
consecutive tones in both ears or a 40 dB intensity level was reached. This procedure was
repeated for frequencies at 2, 3, and 4 kHz. Subjects that failed to respond to two
consecutive tones in the left or right ear at or below 40 dB for any of these frequencies were
excluded from the study. Sites for electrode placement were then prepared by gently
abrading the skin with a mildly abrasive cleansing solution (Nuprep™) and a conductive
water-soluble paste was applied between the skin and each electrode disk to achieve
impedances below 20 kΩ, or in the case of biceps femoris recording and stimulating
electrodes, less than 10 kΩ. Once electrode placement was complete, subject was led to an
adjacent, dimly lit, sound-attenuated room and seated in a recliner positioned in front of a
21” computer display monitor placed approximately 2 m from the subject, at eye-level. The
subject room was equipped with a voice-activated intercom and closed-circuit video camera
allowing for continuous monitoring and communication with subject throughout the
experiment. As described previously, each subject underwent NFR threshold assessment
prior to the start of the experiment to determine the suprathreshold stimulus current intensity
level (mA) that reliably evoked an NFR response. Following NFR threshold assessment, two
surface stimulation pads for delivery of aversive electrical abdominal shocks were placed
over subject’s lower abdomen, in a region directly overlaying the descending sigmoid colon.
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Each subject was then given explicit instructions by the researcher regarding the nature of
the experimental paradigm and fitted with a pair of headphones for delivery of acoustic
startle probes during the experiment.

Prior to the start of the unpredictable threat of shock experiment but after determination of
the NFR threshold, subjects underwent an affective picture viewing task in which ASR and
NFR responses were probed while subjects viewed neutral and negatively-valenced pictures
displayed on the computer monitor. These data were collected to assess picture based affect
modulation of defensive reflexes and autonomic responses. Since they involve a very
different independent variable and hypotheses from the results of the current paper the data
will be presented in a separate report.

After a brief rest period, the unpredictable threat of shock paradigm began. The experiment
consisted of two blocks, each containing 8 separate 30 s periods or trials in which the ASR
or NFR was evoked 9-21 s following period onset (ISI = 25-40 s) (Fig. 1). In the first block
of the experiment (Block 1), the ASR was probed; in the second block (Block 2) the NFR
was probed. As is standard procedure for startle experiments [2], preceding the first block,
subjects were given a series of five startle stimuli every 18-25 s to reduce initial startle
reactivity (data not shown). For both experimental blocks, threat was manipulated by
alternating periods of “safe” and “threat” (Fig. 1). Whether a phase started with a safe or a
threat period was counterbalanced across subjects. Subjects were given explicit instructions
prior to the start of the experiment regarding the conditions under which they may or may
not receive abdominal stimulation. Subjects were instructed that during the ‘safe’ periods the
computer would display the text “SAFE: No abdominal stimulation will be given” and that
no stimulation to their abdomen would occur while this text was displayed. In contrast, for
the ‘threat’ periods subjects were told that when the text “DANGER: abdominal stimulation
may occur at anytime” appeared on the screen, they may or may not receive stimulation to
their abdomen. Although subjects were told they may receive abdominal stimulation at any
time during each threat period, in actuality subjects only received abdominal shocks during
two of the four threat periods (50% of threat trials), once towards the start and middle of
each block. For threat periods that contained abdominal shocks, delivery of electrical
stimulus was randomly varied between 19-21 s following the onset of the threat period (Fig.
1). Upon completion of the experiment, each subject was asked to rate retrospectively their
general level of anxiety during the threat of shock paradigm using a 11-point scale (0 = not
at all anxious; 10 = extremely anxious).

2.7. Statistical analyses
For all dependent measures (SCR, ASR, NFR), analyses were conducted with mixed model
analysis of variance (ANOVA) using the PROC MIXED procedure in SAS 9.2 (SAS
Institute Inc., Carey, NC). Model fitting of covariance structure was accomplished using
standard procedures employed in our laboratory [29,47] and described by others [24,44].
Heterogeneous compound symmetry yielded the best fitting covariance structure as
indicated by Akaike’s Information Criteria. For the primary analyses, a 2 (Condition: Safe;
Threat) by 2 (Sex: Male; Female) mixed model ANOVA was used for each dependent
measure. Planned contrasts were adjusted using Bonferroni correction with alpha levels set
to p < 0.05. In addition, a series of one-way ANOVAs were conducted to test for sex
differences in suprathreshold stimulus intensity, BMI, ratings of pain, anxiety and
depression. Bivariate correlational (Pearson’s r; two-tailed) analyses and analysis of
covariance (ANCOVA) were also conducted to examine the influence of these individual
difference variables on ASR and NFR magnitudes across the experimental conditions (safe;
threat) for both males and females. For the mixed model ANCOVA analyses, each of these
covariates were mean centered before adding to the model.
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3. Results
3.1. Subject characteristics

Table 1 presents the descriptive and inferential statistics for subject characteristics obtained
prior to and following the experiment, as well as during the NFR threshold assessment
procedure. Analyses using a series of one-way ANOVAs revealed no significant sex
differences for any of the dependent variables with the exception of the post-experiment
anxiety measure [F(1, 44) = 5.76 p = 0.03]. Visual inspection of estimated means verified
that females reported significantly higher levels of anxiety during the unpredictable threat of
shock experiment than males.

3.2. Threat modulated SCRs to acoustic startle and noxious sural nerve stimulation
To examine whether baseline SCL differed across the safe and threat conditions, preliminary
analyses using mixed model ANOVAs were conducted on average SCL during the 3 s time
window preceding stimulus probe onsets. Analyses indicated that that the basal SCLs were
not significantly different across conditions for either Block 1 [F(1, 31) = 1.84, p = 0.19] or
Block 2 [F(1, 41) = 0.109, p = 0.74], nor were there any sex differences in this response
[Block 1: F(1, 31) = 1.84, p = 0.19; Block 2: F(1, 41) = 1.23, p = 0.27].

A 2 (Condition: Safe; Threat) by 2 (Sex: Male; Female) mixed model ANOVA
demonstrated that unpredictable threat significantly altered SCRs to the acoustic startle
probe [F(1, 31) = 24.20, p < 0.001] and noxious sural nerve stimulation (‘pain evoked’ SCR)
[F(1, 41) = 11.99, p = 0.001]. Visual inspection of estimated means (least square means)
revealed participants displayed larger startle- and ‘pain-evoked’ SCRs during the threat
compared to the safe periods (Fig. 2A and 2C). No significant main effects of Sex for
startle-evoked SCRs [F(1, 31)= 1.83, p = 0.18] or SCRs evoked by noxious sural nerve
stimulation [F(1, 41) = 0.38, p = 0.54] were found (Figs. 2B and 2D). In addition, no
significant Condition x Sex interaction was observed for SCRs to acoustic startle probes
[F(1, 31) = 0.01, p = 0.91]. However, there was a significant Condition x Sex interaction
[F(1, 41) = 4.66, p = 0.04] for SCRs to noxious sural nerve stimulation (Fig. 2D). A post-
hoc contrast of condition effects (threat – safe) between groups showed that females had
significantly larger SCR magnitude changes (difference scores) in their ‘pain-evoked’ SCRs
compared to their male counterparts, t (41) = 3.71, p < 0.001 (Fig. 2D).

3.3. Threat modulated ASR and NFR responses
Analysis using a 2 (Condition: Threat; Safe) by 2 (Sex: Male; Female) mixed model
ANOVA on ASR magnitudes showed a significant main effect for condition, F(1, 39) =
80.23, p < 0.001. As predicted, participants had larger ASR magnitudes during threat
compared to safe periods (Fig. 3A). No significant main effect for Sex [F(1, 40) = 0.04, p =
0.84] or Condition by Sex interactions were found [F(1, 39) = 0.02, p = 0.88], suggesting
that differences in ASR responding during the unpredictable threat paradigm were
independent of sex (Fig. 3B).

A 2 (Condition: Threat; Safe) by 2 (Sex: Male; Female) mixed model ANOVA conducted
on NFR magnitudes showed significant main effects for both Condition [F(1, 43) = 6.75, p =
0.01] and Sex [F(1, 43) = 8.58, p = 0.005], but no significant Condition x Sex interaction
[F(1, 43) = 0.20, p = 0.65]. NFR magnitudes differed significantly between the safe and
threat conditions, with subjects having overall larger NFR magnitudes during threat
compared to safe periods (Fig. 3C). Moreover, females displayed larger NFR magnitudes
across both conditions compared to males (Fig. 3D), indicating an overall enhancement in
nociceptive signaling in females.

Hubbard et al. Page 7

Pain. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3.4. Relationship between threat modulated arousal, ASR and NFR responses
To test the relationships among SCR, ASR, and NFR responses during the unpredictable
threat of shock paradigm, bivariate correlational analyses were conducted independently on
safe and threat trials averaged within conditions and within subjects. Analyses revealed no
significant correlations between ASR and NFR responses during either the safe (r = 0.06, p
= 0.69) or threat (r = 0.12, p = 0.47) periods. In contrast, acoustic startle-evoked SCRs were
positively correlated with ASR responses during threat (r = 0.51, p = 0.003), but not safe
periods (r = 0.14, p = 0.43), whereas SCRs to noxious sural nerve stimulation were
positively correlated with NFR magnitudes during both safe (r = 0.32, p = 0.04) and threat (r
= 0.43, p = 0.004) periods. Thus, while ASR and NFR responses for individual subjects
were not correlated, the size of the SCR, representing a SNS response to the acoustic startle
probe or to sural nerve stimulation, was positively related to the magnitude of the ASR and
NFR.

3.5. Relationships between NFR magnitude, suprathreshold stimulus intensity, and subject
characteristics

Bivariate correlational analyses were also conducted between NFR magnitude scores and
sural nerve suprathreshold stimulus intensity (120% NFR threshold in mA), pain ratings,
BMI, post-experiment anxiety ratings, and HAD anxiety and depression scores.
Suprathreshold stimulus intensity was positively correlated with NFR magnitude (Cohen’s
d) scores (r = 0.33, p = 0.03); higher stimulus intensities were associated with larger NFR
magnitudes. No other significant correlations were found for NFR magnitude scores and
pain ratings (r = 0.01, p = 0.93), BMI (r = 0.01, p = 0.96), post-experiment anxiety (r = 0.10,
p = 0.51) or HAD anxiety (r = −0.09, p = 0.55) and depression (r = 0.07, p = 0.66).

A mixed model ANCOVA using suprathreshold stimulus intensity as the covariate was
performed to examine the impact of the sural nerve suprathreshold stimulus intensity used
during the experiment on NFR magnitude responses across conditions and between groups.
Significant main effects for Condition [F(1, 266) = 4.42, p = 0.04], Sex [F(1, 266) = 5.63, p
= 0.02], and the covariate [F(1, 266) = 7.30, p = 0.007] were found. Similar to the primary
analysis of NFR magnitude, mean comparisons suggested that NFR magnitude was larger
during the threat compared to the safe periods, with females showing greater NFR
magnitude scores than males. Therefore, the significant main effect for Sex endured even
after inclusion of the covariate suggesting that the primary group differences in NFR
magnitude responses were not due to variations in suprathreshold stimulus intensity between
males and females. The ANCOVA analysis did not yield any significant Condition x Sex
interactions [F(1, 266) = 0.21, p = 0.65] when the suprathreshold stimulus intensity
covariate was added to the model.

A second mixed model ANCOVA specifying post-experiment anxiety as the covariate was
performed to examine whether anxiety ratings covaried with NFR magnitude responses
differentially in males compared to females for the safe and threat conditions. Analysis
revealed that the significant main effect for Condition [F(1, 266) = 4.44, p = 0.04] endured
even after including anxiety in the model, whereas the main effect for Sex [F(1, 266) = 1.92,
p = 0.17] no longer reached significance. No significant interaction for Sex x Condition was
found [F(1, 266) = 0.43, p = 0.51], nor were there any significant interactions with the
covariate for Sex [F(1, 266) = 0.44, p = 0.51], Condition[F(1, 266) = 0.63, p = 0.43], or Sex
x Condition [F(1, 266) = 0.10, p = 0.75].
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4. Discussion
4.1. Affective modulation of acoustic startle

The present findings are consistent with previous reports demonstrating threat-induced
potentiation of acoustic startle, with heightened startle reactivity observed during
anticipatory threat of an aversive stimulus compared to periods signifying safety or the
absence of threat [5,15-16]. Grillon and colleagues showed facilitation of acoustic startle
during periods signaling the possibility of a mild, but sufficiently aversive electric shock to
the wrist compared to periods that denoted safety and thus, no possibility of shock [15].
Bradley et al. also found enhanced acoustic startle and heightened autonomic arousal,
indexed by skin conductance and heart rate deceleration, for periods signaling threat
compared to safe periods [5]. These findings parallel our current results demonstrating
heightened startle reactivity and startle-evoked SCRs during threat of an abdominal shock
relative to safe periods and provide further empirical support for the premise that the
defensive system is upregulated during anticipation of a moderately aversive, unpredicatable
threat.

Based on a prior study showing greater ASR during an unpredictable threat of shock
paradigm in women compared to men [14], we also predicted sex differences in ASR
reactivity during anticipatory threat with women showing greater potentiated ASRs than
men. However, we found no sex differences in ASR during the threat or safe periods.
Differences in experimental design may underlie the discrepancy in findings observed across
the two studies. Grillion and colleagues found sex differences when a relatively long 150 s
threat period was used, but no sex difference when comparing brief, 8 s threat and safe
periods [14]. The added length of the threat period employed by Grillon may have
contributed to a greater degree of uncertainty and perhaps greater sex differentiation than
seen in the current study which used relatively brief, 30 s threat periods. Alternative
explanations for the lack of sex differences in ASR could be attributed to variations in
sample characteristics and/or menstrual cycle effects in females which were not controlled
for in either study.

4.2. Threat modulation of the nociceptive flexion reflex
The current study demonstrated that anticipation of an aversive, unpredictable threat
significantly enhanced the nociceptive reflex, with subjects showing greater NFR responses
during threat compared to periods signaling safety. This suggests anticipatory anxiety
enhanced nociception presumably via withdrawal of descending inhibition and/or an
increase in descending facilitation, by supraspinal centers involved in threat detection,
arousal, and affect-driven responses. Willer et al. in an early NFR study also reported
potentiated NFRs during anticipation of high intensity sural nerve stimulations, but specific
procedures in terms of predictability of the stimulus were omitted [50]. Moreover, our
findings are also consistent with motivational priming theory which postulates that
activation of the defensive motivational system primes defensive responses such as escape
or attack and leads to increased vigilance and pain sensitivity [22]. Rhudy and Meagher have
refined some aspects of this theory by hypothesizing that pain facilitation is maximum at
moderate levels of threat intensity, whereas at higher and more imminent degrees of danger,
pain may in fact be inhibited [28,36]. The threat of shock procedure in the current study
represents a moderate and somewhat unpredictable danger, thus the increase in pain
sensitivity fits these predictions.

4.3. Sex differences in NFR responses
Although there were no sex differences in ASR response we did find a sex difference in
nociceptive responding, with females showing larger NFRs during both safe and threat
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periods compared to males. We hypothesize that the larger NFR responses in females may
reflect sex-related differences to the overall experimental context as opposed to the threat
versus safe periods per se. Under conditions associated with an unpredictable, moderately
aversive threat, females may show greater engagement of emotional-arousal circuits [21],
resulting in facilitation of endogenous pain modulatory systems. This interpretation is
supported by several findings: a) no sex-related differences in NFR suprathreshold stimulus
intensity were observed when assessed prior to the threat of shock paradigm; b) females
reported higher levels of anxiety following the threat of shock paradigm than males; and c)
the sex difference in NFR was abolished when differences in anxiety were controlled
statistically. Additionally, the experiment included repeated unpredictable noxious
stimulations both to the abdomen and to the sural nerve which may have differentially
impacted males and females through a process of sensitization [32].

There is a large body of evidence demonstrating greater clinical pain reports in women
compared to men, and a parallel, but less extensive experimental literature showing
increased pain sensitivity (lower thresholds and tolerance) in women for pressure and
electrical stimuli [8,37,49]. A few studies conducted in healthy volunteers have shown
significant sex differences in NFR threshold characteristics, with females generally
displaying lower NFR thresholds than males [12,27,30]. However, an absence of significant
sex differences in NFR thresholds has also been reported [9,10]. Studies examining pain
modulation using diffuse noxious inhibitory control (DNIC) or temporal summation
procedures have also shown decreased pain inhibition and increased pain facilitation in
women, respectively, although the results are not entirely consistent [8]. Sex-related
differences in pain perception are multi-determined, and may include hormonal effects,
differences in structure and function of the peripheral and central nervous systems, and
differences in psychological and cultural variables related to gender [28]. Interestingly, the
most robust sex differences in experimental pain are seen when the stimulus and/or the
experimental procedure involves strong negative affect [8,37,40]. Rhudy and Williams have
suggested that the increased responsiveness of women to affective stimuli may be a
significant contributor to endogenous pain modulation, especially under conditions of mild
to moderate stress [37]. However, while SNS activity as measured by SCRs to the sural
nerve stimulus was positively associated with NFR magnitude, it did not follow the pattern
of overall increased responsiveness in females during both the safe and threat periods.
Females appeared to have lower SCRs during the safe condition compared to males but
significantly greater SCR increases under conditions of threat, whereas males failed to show
any threat-induced augmentation of their SCRs. Thus, these data suggest there are sex-
related differences in nociceptive signaling and pain-evoked arousal responses under
conditions associated with anticipation of a moderately aversive threat. This is seen in the
potentiated NFR response across both safe and threat conditions in females and the
concomitant threat-induced increase in SCRs to noxious sural nerve stimulation.

4.4. Limitations
It should be noted that since we did not control for women’s menstrual phase it is possible
that differences in circulating hormones may have influenced our findings. By self-report,
the majority of female subjects were naturally cycling in various phases of their menstrual
cycle, whereas a small percentage was on birth control. Few studies have investigated
menstrual cycle effects on NFR and of these studies, results are mixed. For example, one
study found NFR threshold was lower during the luteal compared to the follicular phase in
14 healthy women [46], whereas another found no effect of menstrual cycle on NFR in a
sample of 41 healthy women [31]. Another limitation is that the post-experiment anxiety
ratings were retrospective and therefore may include memory bias. Furthermore, these
ratings were derived from a single subjective average across conditions which may further
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limit their validity. It should also be noted that a significant number of subjects (18.6%; 4
males, 7 females) were excluded from the analysis due to reaching pain tolerance prior to
showing an NFR. This percentage is similar to that of other NFR studies [7,30,39] but
nevertheless may have resulted in some selection bias towards subjects with lower pain
tolerance.

5. Conclusion
The present study investigated sex differences in the modulation of two defensive reflexes
by an unpredictable, aversive threat. Two new findings extend the current literature on pain
processing. First, we show that anticipatory anxiety induced by threat of shock leads to an
upregulation of the NFR. This was accompanied by a potentiation in the ASR and increased
sympathetic nervous system responses. Secondly, females showed greater NFRs across safe
and threat conditions compared to males. This may reflect greater responding to the
experimental context associated with anticipation of a pain threat in women and suggests
that context-related pain facilitation may be an important mechanism underlying the greater
pain reports in females.

SUMMARY
Unpredictable threat enhanced arousal and affect-related defensive responses across
males and females, whereas nociceptive and sympathetic responses to noxious sural
nerve stimulation showed sex-dependent effects.
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Fig. 1.
Schematic depicting experimental design and procedures. Left panel shows (A) the NFR
threshold detection procedure and (B) an example trace of an evoked NFR response. Right
panel shows the “threat of abdominal shock” paradigm.
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Fig. 2.
Top panel illustrates the means and standard errors (±1 SE) for skin conductance responses
(log μS) to acoustic startle probe during the safe and threat periods for all subjects combined
(A) and by sex (B). Bottom panel illustrates the means and standard errors (±1 SE) for skin
conductance responses to noxious sural nerve stimulation during the safe and threat periods
for all subjects combined (C) and by sex (D). *p < 0.05, ** p < 0.01, ***p < 0.001
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Fig. 3.
Top panel displays the means and standard errors (±1 SE) for ASR magnitudes (log uS)
during the safe and threat periods for all subjects combined (A) and by sex (B). Bottom
panel shows the means and standard errors (±1 SE) for NFR magnitudes (Cohen’s d) during
the safe and threat periods for all subjects combined (C) and by sex (D). *p < 0.05, ** p <
0.01, ***p < 0.001
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Table 1

Means, standard errors, and significance levels for subject characteristics prior to and following threat of
shock paradigm and during NFR threshold work-up procedure

Dependent measure All Subjects
(N = 45)

Males
(n = 25)

Females
(n = 20) p-value

Age 22.18 ± 0.60 22.96 ± 1.01 21.2 ± 0.37 .144

BMI 23.89 ± 0.60 24.50 ± 0.49 23.14 ± 1.20 .264

Anxiety 4.08 ± 0.38 4.28 ± 0.57 4.00 ± 0.47 .718

Depression 1.49 ± 0.24 1.84 ± 0.35 1.10 ± 0.33 .142

Post-Experiment Anxiety 5.54 ± 0.46 4.60 ± 0.61 6.72 ± 0.63 .021

Pain Ratings 60.63 ± 3.74 61.12 ± 5.17 60.03 ± 5.85 .889

Suprathreshold Stimulus
Intensity (mA) 17.30 ± 1.27 17.69 ± 8.41 17.18 ± 8.96 .853

*
p < .05

Pain. Author manuscript; available in PMC 2012 July 1.


