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Abstract

The threat of predictable and unpredictable aversive events was developed to assess short-duration
(fear) and long-duration (anxiety) aversive states in humans. A typical experiment consists of
three conditions: a safe condition (neutral (N)), during which participants are safe from aversive
stimuli, and two threat conditions—one in which aversive events are administered predictably (P)
(i.e., signaled by a threat cue), and one in which aversive stimuli are administered unpredictably
(U). During the so-called NPU -threat test, ongoing change in aversive states is measured with the
startle reflex. The NPU -threat test has been validated in pharmacological and clinical studies and
can be implemented in children and adults. Similar procedures have been applied in animal
models, making the NPU -threat test an ideal tool for translational research. The procedure is
relatively short (35 min), simple to implement and generates consistent results with large effect
sizes.

INTRODUCTION

This paper describes a protocol in humans for investigating fear and anxiety with the goals
of developing a more operational way to study these aversive states and of promoting their
investigation in the laboratory under controlled conditions. Distinguishing and defining fear
and anxiety have been difficult and controversial because of their overlapping naturel-2.
However, several lines of research support the notion that fear and anxiety differ in a
number of key dimensions. Clinicians in general accept the distinction between fear, a
phasic response to an imminent and identifiable danger, and anxiety, a sustained state of
apprehension about future threat leading to tension, worry and a feeling of insecurity34. This
view is supported by psychometric analyses of anxious symptomatology that distinguish
symptoms of anxiety (e.g., anxious apprehension and general distress) from those of fear
(e.g., fight/flight and arousal)>8. Also, on the basis of the structure of internalizing
disorders, two broad factors have been described: a fear factor which includes phobias and
panic; and an anxious misery factor including generalized anxiety disorder, post-traumatic
stress disorder, dysphoria and depression?:8.
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More generally and from an evolutionary perspective, fear and anxiety can be viewed as
basic defensive responses that motivate organisms to detect, react and cope with threat and
danger. These defensive responses vary greatly with the nature of the danger; they depend
on whether the threat is present and requires immediate action or is temporally uncertain or
distant, prompting sustained vigilance®. These responses to threats are well conserved across
species and are precursors to human fear and anxiety910,

There is now substantial evidence to suggest that fear and anxiety can also be differentiated
at the neural level. Specifically, studies based on the startle reflex show that lesions of the
central nucleus of the amygdala (CeA) block phasic, cued-induced fear responses without
affecting more sustained anxiety states associated with uncertain danger, whereas lesions of
the bed nucleus of the stria terminalis (BNST) have the opposite effects!!. Recent studies
have confirmed these results by using measures of defensive states other than startle12-14,
and a similar differentiation between phasic fear and sustained anxiety has been made on the
basis of psychopharmacological modulations of the startle reflex10,

In these preclinical studies, fear and anxiety differ in at least two dimensions: their duration
(phasic versus sustained) and the nature of the threat (predictable versus unpredictable). We
used the balance between these dimensions as an operational definition of fear and anxiety,
and this distinction is the logic behind the threat of the predictable and unpredictable
aversive events test (NPU-threat test). This procedure has been used in several studies by
our group, as well as by other investigatorsl>-22,

NPU-threat test

The NPU-threat test consists of three conditions: (i) no aversive event (N condition); (ii)
predictable aversive events (P condition); and (iii) unpredictable aversive events (U
condition). In the N condition, subjects are safe from aversive events. By contrast, aversive
events are administered predictably in the P condition (i.e., signaled by a short-duration
threat cue) and unpredictably in the U condition (i.e., not signaled). The aversive events can
be unpleasant shocks® or developmentally and ethically appropriate stimuli (e.g., screams,
blast of air to the neck) to study special populations or children20. Subjects’ fear and anxiety
are assessed using the startle reflex, a cross-species measure of aversive state23. In humans,
the startle reflex is measured most reliably by an electromyogram (EMG) of the orbicularis
oculi, which captures the blink component of the reflex24. Before the beginning of the NPU-
threat test, participants are informed about the details of the contingency between the
different conditions and the aversive events.

The NPU-threat test evokes a short-duration (fear-potentiated) and a long-duration (anxiety-
potentiated) startle potentiation in the P and U conditions, respectively. People with panic
disorder or PTSD are selectively more sensitive to anxiety- than to fear-potentiated
startle}”.19, In addition, anxiolytic drugs decrease anxiety-potentiated startle at doses that do
not affect fear-potentiated startle1®:18, A key advantage of the NPU-threat test is that very
similar procedures have been implemented in animal models, making the NPU-threat test
ideal for translational research?3. This allows for greater generalizability of results and
implications for the underlying neurophysiological processes. The NPU-threat test has also
been successfully adapted for use in children and adolescents20, thereby providing a link to
developmental research on anxiety, which is key for uncovering risk factors for anxiety
disorders as well as pathological mechanisms and potential targets for prevention.

Several other laboratories have adapted the NPU-threat test with minor changes to the
original procedure (i.e., counting down to the shock?®), or alternative manipulations of
predictability (i.e., using only short-duration cues with 100, 60 or 20% shock probability2®;
manipulation of the predictability of the shock intensity2’). Although these adaptations offer
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interesting additional information, they have not been validated in anxious subjects or with
anxiolytics. Another useful modification is the adaptation of the NPU-threat test to examine
aversive conditioning. The NPU-threat test uses an instructed threat procedure to inform
participants of the association between a cue and the shock. In the conditioning version of
the task, participants learn via Pavlovian conditioning to associate the shock with the
different contexts and cues?829, Whereas the former procedure provides a tool for studying
the expression of fear and anxiety responses without the confound of learning and memory,
the latter can be used to study associative processes involved in fear and anxiety learning.

The following protocol describes the basic NPU-threat test, applying electric shocks as the
aversive stimulus, as it has been implemented in studies of healthy and psychiatrically ill
adult populations in our laboratory.

MATERIALS
REAGENTS
« Human subjects: participants need to be literate and have normal or corrected to
normal vision and hearing ¥ CAUTION Informed consent should be obtained from all
subjects and the study protocol must be approved by the appropriate institutional
review board or human subjects committee.
EQUIPMENT

» Basic psychophysiological laboratory equipment (a detailed description of the basic
setup of a psychophysiological laboratory and a list of vendors for
psychophysiological equipment can be found elsewhere30)

Subject’s room

*  Human EMG acquisition system (e.g., Psychlab, Contact Precision Instruments)
and consumable supplies

»  White noise sound generator for eliciting startle responses (e.g., Psychlab, Contact
Precision Instruments)

»  Constant current stimulator for electric shock application (e.g., Psychlab, Contact
Precision Instruments). Additional equipment is required if other types of aversive
stimuli are applied (e.g., compressed tank of air, regulator and solenoid for
delivering air blasts)

»  Monitor for stimulus presentation
»  Headphones
» Video camera/webcam for monitoring the subject during the recording

»  Visual aids (printed copies of the six types of stimuli that are presented on the
monitor; these stimuli serve as visual aids to explain the contingency between the
various conditions and the administration of the aversive event)

»  Questionnaires: retrospective anxiety- and pain-rating form (see Supplementary
Methods 1)
Investigator’'s room

»  Computer hardware for presentation of stimuli and recording of physiological
parameters (e.g., Dell desktop), which is connected to the subject’s monitor and a
second monitor for the investigator to control stimulus presentation and observe
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physiological measurements during the recording. Specific hardware requirements
depend on the acquisition system used (parallel ports, etc.)

»  Stimulus presentation software (e.g., Psychlab, Contact Precision Instruments;
Presentation, Neurobehavioral Systems) A CRITICAL The stimulus presentation
software must insert triggers or event codes into the physiological recording in
order to relate physiological measures to the stimulus presentation. Without event
triggers, data analysis will be impossible.

« Hardware and software to display the video feed (optional; dependent on the
camera used to monitor the subject)

EQUIPMENT SETUP

Aversive stimulus selection—Aversive stimuli should be carefully selected depending
on the population tested. Robust results have been obtained with 100-ms-duration electric
shocks (1-5 mA) as aversive stimuli for adult populations and milder aversive stimuli (blast
of air to the neck, picture of a scared woman accompanied by a scream) for youth.

Visual stimuli generation—Visual stimuli (e.g., geometric shapes, indication of present
condition; Fig. 1) can be generated with any appropriate graphic software. Text should be
readable from a 2-m distance without difficulties.

Stimulus presentation—The NPU-threat test consists of two recording blocks, which are
separated by a 5-min break and preceded by a startle habituation phase. The habituation
phase consists of nine startle probes (103 dB white noise, 40 ms duration, instantaneous rise
time). The startle blink reflex shows a relatively strong habituation especially within the first
few trials. This procedure ensures that the initial, very strong habituation does not
disproportionally influence the results.

The testing phase consists of two P, two U and three N conditions each, which are presented
in one of following orders: PN UN U NP or UN P N P N U. The two orders are used for
each subject with half the subjects starting with the P condition first and the other half with
the U condition first. Both orders begin with four additional startle probes to further
habituate startle. Care should be taken to balance the order of the two blocks within
experimental groups when appropriate. Each condition (i.e., N, P, U) lasts ~120 s and
includes three short presentations (8 s) of a colored geometric cue (e.g., red square, blue
triangle, green circle). The same cue is used consistently within each condition. Startle
probes (103 dB white noise, 40 ms duration, instantaneous rise time) are administered once
during each cue presentation and once during each interval between cues. Startle probes are
separated by a minimum interval of 20 s. See Figure 2 for a schematic representation of the
sequence of stimuli.

Each ongoing condition is indicated on the screen at all times (e.g., “shock only during red
square’, ‘shock at anytime’, ‘no shock’; see Fig. 1). Shocks are applied once or twice per P
(0.5 s before the end of the cue) or U condition (randomized during absence of the cue),
resulting in 6 shocks per block and 12 shocks overall during the experiment. Note that the
reason why shocks are not administered during the cue in the U condition is to prevent the
subject from believing that shocks have a higher probability of being administered during
the cue compared with the no cue period. Our results show that the absence of shock during
the cue in the U condition does not lead to conditioned inhibition (safety learning) to the
cue, probably because subjects are exposed to too few shocks. An example of the timing of
all stimuli in the first block can be found in the supplementary material (Supplementary
Table 1).

Nat Protoc. Author manuscript; available in PMC 2012 September 19.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Schmitz and Grillon

PROCEDURE

Page 5

Prerecording ® TIMING 15 min

1
2

Obtain informed consent from the subject.

Give detailed instructions to the subject including a description of the
experiment and all conditions using the visual aids depicting the stimuli that will
be presented on the monitor during the experiment (for example, see
Supplementary Methods 2): Instruct the subject that there are three different
conditions, one in which no shock is administered and two during which shocks
are administered either predictably or unpredictably. Next, instruct the subject
that in the P condition, shocks can be administered only in the presence of a cue;
shocks cannot be administered in the absence of a cue, and that in the U
condition shocks can be administered at any time (i.e., in the presence or
absence of a cue). The subject will also be informed that each condition is
signaled by a short note at the top of the computer screen. ‘No shock’ indicates
that no shock can be administered. ‘Shock only during red square’ signals that
the subject might receive a shock, but only if the red square is actually on the
screen. The subject will never receive a shock during this condition when the red
square is absent. ‘Shock at any time’ signifies that the subject can receive a
shock when the blue triangle is present or absent. The individual providing the
instruction needs to convey a sense of trust. He/she must add that all the
instructions are true and that there is no attempt at deception. Add that
occasional loud startling sounds will be administered from time to time. Make
clear that the subject’s only task is to stay focused on the screen and try to avoid
voluntary movements as these can affect the physiological measurement.
Explain that the subject will hear several loud, startling sounds before the actual
test starts.

Ask if the subject needs clarification and answer any questions.

Conduct shock workup: the shock workup procedure consists of the
administration of a total of four sample shocks. The procedure entails delivery
of a graded series of shocks starting at 2 mA and up to a maximum of 5 mA.
Each shock is rated by the subject and shock intensity is subsequently adjusted
in order to achieve the desired rating of 4 (quite unpleasant/uncomfortable) on a
scale ranging from 1 (barely felt) to 5 (very unpleasant/uncomfortable). The
shock intensity is increased in steps of 1 mA until the rating of 4 is reached. If
the rating of 4 is reached before the fourth shock, additional shocks of the
current intensity are given to reach a total of four shocks. If the rating of 4 is not
reached after four shocks, the maximum intensity of 5 mA is used.

Present the startle probe to the subject and confirm that the subject can hear the
white noise (if auditory stimuli are applied as aversive stimuli, make sure the
subject can hear these as well).

Prepare the subject for EMG recording of the orbicularis oculi according to
general guidelines (e.g., see ref. 31). In brief, clean the skin underneath the left
eye of makeup and dead skin cells (e.g., with soap or alcohol). Attach two Ag/
AgCI miniature electrodes filled with high-conductivity electrode gel under the
left eyelid; one in line with the pupil at forward gaze and the other electrode 1-2
cm lateral to the first one. An isolated ground electrode should be attached at an
electrically inactive site (e.g., the forehead).

Remind the subject of the opportunity to stop the experiment at any time.
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8 Test the electrode readings: ask the participant to blink to check the settings of

EMG recording (e.g., recording range).
Recording ® TIMING 35 min

9 Start physiological recording and presentation of the first block.

10 Monitor the subject during the procedure and document any violation of
instructions (e.g., voluntary movements, closing eyes).

11 After the first block of the experiment is completed, give a short break of 5-10
min. During this period, ask the subject to rate his/her anxiety/fear level
retrospectively during each of the conditions with the retrospective anxiety-
rating form (see Supplementary Methods 1). Give the subject the opportunity to
drink some water, to stretch his or her legs, and so on. Briefly reiterate the
instructions and remind the subject to refrain from excessive movements.

12 Start physiological recording and presentation of the second stimulus set.

13 Monitor the subject during the procedure and document any violation of
instructions (e.g., voluntary movements, closing eyes).

14 After the second block, ask the subject for a second retrospective rating of fear/
anxiety. Finally, ask the subject to rate the level of pain evoked by the shocks by
using the pain-rating form (see Supplementary Methods 1).

Postrecording @ TIMING 20 min

15 Clean and disinfect the electrodes according to standard procedures.

16 Exclude data sets with invalid data on the basis of monitoring protocols (e.g., if
subjects fell asleep during the procedure or did not pay attention to the screen).

17 Prepare physiological data for analysis with appropriate software (e.g.,
Psychlab). First rectify and smooth EMG (see Fig. 3a—c for examples of raw,
rectified and smoothed EMG). Next, identify relevant time blocks for analysis
(150-ms block after onset of startle probe).

18 Reject trials with excessive baseline activity or other contaminations (Fig. 3d).
This includes all trials with excessive noise during the baseline period before
blink onset, movement artifacts or spontaneous blinks that begin earlier than 21
ms after the startle probe onset (minimal onset latency), which render accurate
quantification of the blink magnitude impossible.

19 Identify the blink onset and peak, and measure the blink magnitude.

20 Calculate the mean magnitude for each trial type (e.g., habituation, no cue N,

cue N, no cue P, cue P, no cue U, cue U). Transform the raw magnitude data
into #scores and calculate the mean #scores for each trial type. An alternative to
using £scores in order to control for differences in baseline startle reactivity is to
include the mean baseline startle (e.g., mean startle response during a baseline
startle procedure similar to the described habituation phase) as a predictor into
the analysis of group differences in fear- and anxiety-potentiated startle (e.g.,
ref. 32).

® TIMING
Steps 1-8, prerecording: 15 min
Steps 9-14, recording: 35 min

Nat Protoc. Author manuscript; available in PMC 2012 September 19.
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Steps 15-20, postrecording: 20 min

ANTICIPATED RESULTS

When the aversive event is a shock, the NPU-threat test yields robust fear- and anxiety-
potentiated startle in adults in our laboratory15-17:19.22.33  Accordingly, mean startle
magnitude during the P condition should be higher during the cue as compared with during
the absence of the cue (P cue—no cue P; fear-potentiated startle), and mean startle magnitude
during the absence of the cue in the U condition should be higher than during the N
condition (no cue U-no cue N; anxiety-potentiated startle). In addition, mean startle
magnitude during the P condition in the absence of the cue should be intermediate between
no cue N and no cue N. This is because, consistent with findings in rodents34:35, a
predictable context is more anxiogenic than a N context, but is less anxiogenic than an
unpredictable context. An example of anticipated startle data is displayed in Figure 4. Our
previous studies have shown that anxiety-potentiated startle is (i) sensitive to anxiolytic
drugs1618, (ii) a psychophysiological marker for anxiety disorders such as PTSD and panic
disorder’:19 and (iii) differs between women and men as well as girls and boys2036,

Fear and anxiety are ubiquitous. They are generally adaptive responses, but can also be
maladaptive in psychiatric and medical disorders. The NPU-test procedure can be used to
identify the nature of underlying abnormalities in fear and anxiety. Future applications of the
NPU-threat test include a wide range of possibilities, which might help to elucidate the
differentiation between fear and anxiety as well as mechanisms underlying these states.
Some possible applications are, for example, screening of candidate anxiolytics,
discriminating among individuals with mood and anxiety disorders, examining risk factors
for these conditions, conducting developmental studies in children and adolescents—
including studies during puberty—and neuroimaging studies (e.g.,
magnetoencephalography) to elucidate the mechanisms underlying fear and anxiety.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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No cue Cue
No shock No shock
N condition
Shock only during Shock only during
red square red square
P condition
Shock at any time Shock at any time
U condition .
Figure 1.

Visual material presented during the experiment by cue/no cue status and condition. For a
given condition, subjects see one of the ‘No cue’ signs (e.g., “No shock’ in the N condition).
Occasionally, a cue (e.g., a green circle in the N condition) is presented for 8 s.
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Figure 2.

Schematic representation of sequences of stimulus presentation during each condition
block of the NPU-threat test. The upper part of the figure represents a complete block

in one

including two P (predictable), two U (unpredictable) and three N (no shock) conditions. The

lower part shows examples of each condition, including startle probes, cues (8 s durat
and shocks. Adapted from reference 20.
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Figure 3.
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Blue line represents EMG of the orbicularis oculi. (a—d) Raw EMG (a), rectified EMG (b),

smoothed EMG (c), trial with excessive baseline activity (d).
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Figure4.

Mean EMG magnitude during the cue and in the absence of the cue in the no shock,
predictable and unpredictable conditions. Fear-potentiated startle is the difference score
between startle magnitude during the cue, minus startle magnitude in the absence of the cue
in the predictable condition. Anxiety-potentiated startle is the difference score between
startle magnitude in the absence of the cue in the unpredictable condition minus startle
magnitude in the absence of the cue in the no shock condition. Fear- and anxiety-potentiated
startle are operational definitions of fear and anxiety, respectively. The error bars represent
s.e.m.
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