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Abstract – Cardiac activity provides possible markers for the identification of those at risk for the development of anxiety disorders. Cardiac deceleration has been linked to impaired fear conditioning while low heart rate variability (HRV) has been associated with elevated contextual anxiety and enhanced startle potentiation to affective stimuli. In the current study we examined individual differences in conditioned responses as a function of cardiac activity. In addition to classifying participants as decelerators and accelerators, we examined baseline fear responding and conditioned responses in participants with low and high resting state heart rate variability. We complemented well-established physiological measures (startle response and skin conductance) and online distress and retrospective expectancy ratings of fear conditioning with measures of heart rate (HR). In contrast to accelerators, decelerators did not show any sign of startle fear conditioning, but demonstrated increased differential conditioning of online distress. Only marginal differences in contextual anxiety and conditioned fear responding were observed for low and high HRV individuals. These results may contribute to the identification of individuals who are at risk for the development of anxiety disorders. 






1. Introduction
Fear conditioning provides an excellent tool to study general principles of fear learning and enables the investigation of individual differences involved in the transition from adaptive to pathological fear. During Pavlovian fear conditioning a biologically neutral conditioned stimulus (CS+) is paired with an aversive consequence, the often noxious unconditioned stimulus (US). As a result of these associations the CS alone comes to elicit a fear response (e.g. potentiation of protective reflexes like the startle response). In a differential fear conditioning paradigm a second cue is introduced that is explicitly not paired with the US (CS-). Patients as well as high anxious individuals demonstrate reduced discrimination between the reinforced threat stimulus and the safety cue. Both groups do not show exaggerated startle fear responding to an explicit threat cue, but elevated startle responding to the safety cue, which may reflect deficient safety learning (Gazendam et al., 2013; Grillon and Morgan, 1999; Grillon, 2002; Lissek et al., 2009; Orr et al., 2000; Peri et al., 2000; Grillon and Ameli, 1998, 1998; Morgan et al., 1995; but see Kindt and Soeter, 2014).
Cued fear conditioning effectively models how an individual learns to fear a threat cue that reliably predicts danger. It does, however, not capture the hypervigilance that is typical for anxiety. Since anxiety is future-oriented and not restricted to an explicit cue, it may best be investigated by learned adjustments to the conditioning environment. For example, startle response magnitudes are substantially augmented during baseline prior to a conditioning experiment in which electrical stimulation is used, compared to no aversive stimulus (Böcker et al., 2001). This context-specific elevation of baseline startle responding preceding aversive conditioning is more pronounced in patients suffering from anxiety disorders (Grillon et al., 1994; Grillon and Ameli, 1998; Morgan et al., 1995). 
	Individual differences in physiological measures of conditioning might serve as markers for maladaptive fear learning and contribute to the identification of individuals prone to the development of anxiety. Beyond trait measures based on verbal report questionnaire data, the use of heart rate (HR) derivatives might be another fruitful variable to test individual differences in fear leaning. First, individuals who showed strong heart deceleration in response to the CS+ did not exhibit the same amount of differential startle conditioning as those individuals who responded with an acceleration of their heart rate during late acquisition (Hamm and Vaitl, 1996). Thus, cardiac deceleration might indicate a different behavioural adjustment to the threat. Interestingly, while the defensive startle reflex differed between accelerators and decelerators, conditioning of the skin conductance response (SCR) was observed in both groups. SCR conditioning has been shown to occur irrespective of the valence of the US (e.g. unpleasant electrical stimulation or a reaction time task) (Hamm and Vaitl, 1996; Lipp et al., 1994) and cannot be observed in the absence of US-expectancy (Dawson and Biferno, 1973; Dawson and Furedy, 1976; Hamm and Vaitl, 1996; Hamm and Weike, 2005; Lovibond and Shanks, 2002; Purkis and Lipp, 2001; Sevenster et al., 2014; Weike et al., 2007; but see Bechara et al., 1995; Esteves et al., 1994; Knight et al., 2003, 2006; Schultz and Helmstetter, 2010). SCR conditioning is therefore considered a non-specific measure of arousal/anticipation. Thus, the data by Hamm and Vaitl (1996) suggest that the defensive response was activated in accelerators during cued fear conditioning, while decelerators only learned to associate the CS with the US without a concomitant defensive response. If cardiac deceleration is specifically related to difficulties in activation of the fear network, these individuals might demonstrate elevated baseline startle responding and conditioning of online distress but not US-expectancy.
	Second, classifying participants according to their resting state heart rate variability (HRV) is a relatively new method to reveal individual differences in emotional responding. Heart rate variability reflects the heart’s beat-to-beat variation as a result of the interplay of sympathetic and parasympathetic activity. In this interaction vagal input from the brainstem to the heart as part of the parasympathetic branch is considered a vital feedback mechanism. Thus, HRV may index the ability to regulate emotion, with higher HRV reflecting greater flexibility and the ability to adapt to environmental changes (Thayer et al., 2012; Thayer and Lane, 2000). In contrast, low HRV is associated with impaired recovery of cardiovascular, endocrine, and immune markers after stress (Weber et al., 2010). Indeed, a role for HRV in modulation of startle potentiation has been demonstrated with different paradigms. In picture- and film clip viewing tasks, participants with high HRV showed startle potentiation in response to negative stimuli relative to neutral (Bos et al., 2013; Ruiz-Padial et al., 2003). This emotion-modulated startle effect was not observed in participants with low HRV. In the study by Ruiz-Padial et al. (2003) this effect was ascribed to enhanced startle potentiation to the neutral stimuli in the low HRV group, while in the study by Bos et al. (2013) HRV correlated with startle potentiation to the negative stimuli. A second paradigm investigated resting HRV as a source of variation in startle potentiation under threat of shock (Melzig et al., 2009). Low HRV individuals showed potentiated startle, irrespective of whether threat of shock was implicit (no cues were given that could indicate US occurrence) or explicit. In sum, low resting HRV is related to impaired emotion modulation of the startle response and increased startle potentiation under conditions in which shock can occur. While these studies convincingly show that low resting HRV is related to emotional dysregulation, the role of resting HRV in differential conditioning, in which cues are explicitly paired (CS+) or not paired with the shock (CS-), remains to be investigated. Normal potentiation to negative stimuli but increased potentiation to neutral stimuli in low HRV participants (Ruiz-Padial et al., 2003) suggests that differential conditioning will be reduced due to increased startle responding to the safe stimulus (CS-) in these participants. However, another study showed decreased startle responding to negative stimuli but no effect on neutral stimuli in low HRV individuals (Bos et al., 2013), suggesting decreased responding to the CS+ in a differential conditioning paradigm. Also, startle responses were potentiated under threat of shock conditions but not under safe conditions (no threat of shock) (Melzig et al., 2009).  This would suggest elevated startle responses to the feared stimulus (CS+) but not the safe stimulus (CS-). Therefore, while we would hypothesize that low baseline HRV is related to impaired fear conditioning, it is difficult to predict how these impairments will be manifested. Given that we cannot formulate strong a priori hypotheses, analyses are exploratory. Finally, since HRV is associated with adaptive emotion regulation we hypothesize that the beneficial effects of high resting HRV will be reflected across measures of both defensive reflexes and non-specific arousal. 
Previous findings on the relation between resting HRV and contextual anxiety were inconclusive. Baseline startle responding was inversely related to resting HRV in one study (Ruiz-Padial et al., 2003), but was not related to resting HRV in another study (Melzig et al., 2009). It is worth noting that in the former study (Ruiz-Padial et al., 2003) only women participated, while in the latter both men and women participated even though sex differences were not explored (Melzig et al., 2009). Although it has been shown that women have higher resting HRV (Evans et al., 2001; Koskinen et al., 2009; Snieder et al., 2007; but see Bonnemeier et al., 2003; Li et al., 2009; Umetani et al., 1998), little is known about sex differences in HRV in the modulation of emotional learning. This study will include exploratory analyses of the interaction between gender and resting HRV in the modulation of fear learning.
	The current study aimed to investigate heart rate derivatives as a source of individual differences in cued fear conditioning and contextual anxiety. First, we aimed to replicate and extend the finding that defensive responses but not non-specific anticipatory arousal are impaired in individuals showing cardiac deceleration (Hamm and Vaitl, 1996). Additionally, we investigated whether defensive responding during baseline is elevated in decelerators. Second, participants were classified as having low and high resting-state heart rate variability (HRV). We aimed to investigate whether low resting HRV is related to difficulties in contextual anxiety and cued fear learning. Finally, we performed explorative analyses to investigate sex differences.

2. Materials and Methods
2.1. Participants
Thirty-nine (25 female; 14 male) healthy undergraduate students were included in the current study, ranging in age between 18 and 30 years, with a mean age of 20.54 years (SD = 2.23). All participants were screened for good hearing, and absence of psychological and physical disorders.  Participants received either partial course credit or a small amount of money (€ 35,-) for their participation. All participants gave informed consent and were notified that they could withdraw from participation at any time. The study had full ethical approval of the Ethics Review Board of the University of Amsterdam.

2.2. Apparatus
2.2.1. Stimuli. The testing session started with ten startle habituation trials to stabilize baseline startle reactivity. Conditioned stimuli consisted of different images depicting a spider (IAPS, 1200; 1201). One of the spider pictures (CS+) was paired with a mild shock to the wrist (US, determined individually to be ‘uncomfortable though not painful’) on 75% of the trials, whereas the other spider picture was never paired with a shock (CS-). Assignment of the pictures as CS+ or CS- was counterbalanced across participants. Both CSs were presented 8 times for 8 s. Startle probe was delivered 7 s after CS onset, followed by the US 500 ms later. The US consisted of an electrical stimulus (2 ms). In addition to the CS presentations 8 startle probes alone (Noise Alone; NA) were presented during the experimental phase. Intertrial intervals (ITI) varied from 15 s to 25 s with an average of 20 s.
2.2.2. Fear potentiated startle. Startle response was measured through electromyography (EMG) of the right orbicularis oculi muscle. Two 5-mm Ag/AgCl electrodes filled with a conductive gel (Signa, Parker) were positioned approximately 1 cm under the pupil and 1 cm below the lateral canthus, respectively; a ground electrode was placed on the forehead, 1 cm below hairline (Blumenthal et al., 2005). Acoustic stimuli were presented binaurally through headphones (Sennheiser, model HD 25-1 II). The EMG signal was sampled at 1000 Hz and amplified in two stages. The input stage has an input resistance of 10 MOhm, a frequency response of DC-1500Hz and an amplification factor of 200. A 50Hz notch filter is used to reduce interference of the mains noise. The second stage amplifies the signal with a variable amplification factor of 0 – 100 x and integrates the signal. The raw EMG data were band-pass filtered (28 – 500Hz, Butterworth, 4th order (Blumenthal et al., 2005)) to obtain the cleanest possible data without affecting response amplitude. Peak blink amplitude was determined in a 30 – 150 ms interval following probe onset.
2.2.3. Skin conductance response (SCR). Electrodermal activity was measured using an input device with a sine-shaped excitation voltage (7.5 V) of 50 Hz, which was derived from the mains frequency. Two Ag/AgCl electrodes of 20 by 16 mm were attached with adhesive tape to the medial phalanges of the first and third fingers of the non-preferred hand. The signal from the input device was led through a signal-conditioning amplifier and the analogue output was digitized at 100 Hz by a 16-bit AD-converter (National Instruments, NI-6224). Startle response and electrodermal activity were recorded with the software program VSSRP98 v6.0. Electrodermal responding to the CS was calculated by subtracting the baseline (2 s before stimulus onset) from the maximum score during the 1 to 7 s window after CS onset. This is a well-established approach of examining electrodermal reactivity and has been used extensively in human psychophysiological research (Milad et al., 2005; Orr et al., 2000; Pineles et al., 2009).
2.2.4. Online distress ratings. Distress was measured online during each image presentation, on an 11-point scale ranging from ‘not distressed at all’ (0) to ‘very distressed’ (10). The scale was placed at the bottom of the screen below the CS picture. Participants rated distress levels by shifting the cursor on the scale with use of the mouse and confirmed their ratings by pushing the left mouse button within 5 s following stimulus onset.
2.2.5. US-expectancy ratings. Participants were asked to complete a graph representing the evolution of their US-expectancies during the experiment. US expectancy was depicted on the Y-axis ranging from 5 (‘at that moment, I very strongly expected a shock’), through 0 (‘I didn’t know what to expect’) to -5 (‘at that moment, I very strongly expected no shock’). On the X-axis the different experimental phases were depicted (Vervliet et al., 2005). Subjects rated their US-expectancies at the end of testing day 3 (see Sevenster et al. (2012) for the procedure). Hence, note that between the conditioning session (the focus of the current study) and rating of the retrospective US-expectancies, sessions of memory retrieval (day 2), extinction and reinstatement (day 3) took place. 
2.2.6. Subjective assessments. The Spider Phobia Questionnaire (SPQ; Klorman et al., 1974) was used to assess the degree of spider fear. In addition, the Anxiety Sensitivity Index (ASI; Peterson and Reiss, 1992) was taken to assess a subject’s tendency to respond anxiously to the temporary symptoms of the use of propranolol on day 2 (Sevenster et al., 2012). Trait anxiety was measured with the Trait Anxiety Inventory (STAI-T; Spielberger et al., 1970) to assess general level of anxiety. Evaluation of the US was assessed on an 11-point scale ranging from -5 (unpleasant) to 5 (pleasant).
2.2.7. Heart rate. A heart rate transmitter belt (Suunto t6, Suunto Oy, Vantaa, Finland) was attached to the chest. Heart rate was recorded as beat-to-beat intervals (the interval between two successive R-spikes), sampled at a rate of 1000 Hz. Conductive gel (Signa, Parker) was applied to the heart rate belt. Estimates of HRV were based on baseline beat-to-beat interval data recorded while participants watched a 5min underwater world video clip at the end of the last testing session (day 3). 

2.3. Procedure
The present data were part of a larger, three-day protocol study investigating the reconsolidation of fear memory (Sevenster et al., 2012). Habituation and conditioning data were collected on the first testing day. Day 2 involved a pill administration (40 mg propranolol vs. placebo) and memory retrieval procedure. On day 3 extinction training and reinstatement test took place. Given that the pharmacological agent was administered in order to manipulate conditioned responding on day 3, extinction and reinstatement test data are not reported here. The original study consisted of three conditions. In two conditions participants received 40 mg propranolol and participants in the third condition received placebo. Due to technical difficulties in HR registration only 2 participants of the placebo group were included in the current study. Thus, most participants received propranolol on day 2. Although propranolol is no longer effective 24h after administration (Gilman and Goodman, 1996), we cannot exclude that propranolol administration affected HRV measurements on day 3. Note that the participants from the two groups who received propranolol did not differ in resting HRV (F(1,31) < 1.05).
	Participants were medically screened before testing. Blood pressure was measured with a cuff attached to the right upper arm, using an electronic sphygmomanometer (Omron, model HEM-780-D). Participants filled in the SPQ and STAI-T to assess spider fear and general level of anxiety. US-intensity was determined by administering electrical stimulation of gradually increasing intensity. The work-up procedure was ended when participants indicated the electrical stimulation to be ‘uncomfortable though not painful’. The experiment started with ten startle habituation trials to stabilize baseline startle reactivity. In the conditioning phase one of the spider pictures (CS+) was paired with a mild shock to the wrist on 75% of the trials, whereas the other spider picture was never paired with a shock (CS-). Assignment of the pictures as CS+ or CS- was counterbalanced across participants. Both CSs were presented 8 times for 8 s. To assess baseline startle responding during fear conditioning, startle probes (Noise Alone; NA) were presented in addition to the CS presentations. All participants were instructed that one of the pictures was followed by a shock on most trials, while the other picture was never followed by a shock. Throughout the experiment participants rated their online distress during each CS presentation. At the end of the testing session participants evaluated the US. Testing procedures were adapted from Kindt et al. (2009). At the end of the experiment (day 3) subjects viewed a 5min underwater world video clip while resting state HRV was assessed and retrospectively rated their US-expectancies. 

2.4. Data Analyses
Outliers were defined (Z > 3) and replaced by linear trend at point for startle, SCR and HR data. A square-root transformation was used to normalize the raw SCR data.
R-R intervals were transformed off-line with VSRRP98 to average beats/min for each 0.5 s of the 7 s window following CS onset. Heart rate change was determined by subtracting the baseline (1 s before CS onset) from the average heart rate of every 0.5 s in the 7 s window following CS onset (Hamm & Vaitl, 1996). 
Peaks corresponding to initial and secondary deceleration (D1 and D2) and mid-interval acceleration (A) were identified according to Hodes, Cook, and Lang (1985). D1 = slowest second in 0-2 s window after CS onset. A = fastest second after D1 within 0-5 s window after CS onset. D2 = slowest second after A before CS offset. To classify subjects as decelerators and accelerators, a k-means cluster analysis was performed on the first deceleratory  (D1), the acceleratory (A), and the second deceleratory (D2) heart rate components on the last two acquisition trials of the CS+ (trials 7-8) (Hodes et al., 1985). 
	Beat-to-beat interval data were imported in Kubios for the HRV analysis (Biomedical Signal Analysis Group, Department of Applied Physics University of Kuopio, Finland; Tarvainen et al., 2014). Time domain analysis was performed to quantify the amount of variance in the beat-to-beat interval. The root mean square of successive beat-to-beat interval differences was calculated (RMSSD) as an estimate of vagally-mediated HRV and reported in time units (ms). RMSSD is a frequently used, relatively simple estimation of HRV that is less susceptible to respiration than other markers of HRV (Koenig et al., 2015; Penttila et al., 2001; Sinnreich et al., 1998) To classify subjects as low vs. high resting HRV a median split on RMSSD (median = 44.48) was performed.
Startle responses, US-expectancy ratings, electrodermal activity and distress ratings were subjected to a mixed analysis of variance for repeated measures (ANOVA) with group (Decelerators vs. Accelerators; Low HRV vs. High HRV) as between-subjects factor and stimulus (CS+ vs. CS-) and trial (stimulus presentation) as within-subjects factors. To investigate interactions between sex, post-hoc explorative repeated measures (ANOVA) with group (Decelerators vs. Accelerators; Low HRV vs. High HRV) and sex (male vs. female) as between-subjects factors and stimulus (CS+ vs. CS-) and trial (stimulus presentation) as within-subjects factors were performed. A Greenhouse-Geisser procedure was used in case of violation of the sphericity assumption in ANOVAs. The alpha level was set at .05 for all statistical analyses.

3. Results
3.1. Overall 
Two subjects were excluded from the analysis of retrospective US-expectancy ratings, since they did not complete the 3-day testing protocol. One participant was excluded from analysis of distress ratings due to technical failure. There was decrease in startle responding from the beginning (trials 1-2) to the end (trials 9-10) of habituation (main effect trial; F(1, 38) = 13.40, p = .001, η² = .26). We observed acquisition, indicated by a differential increase of startle potentiation (stimulus x trial; F(7, 266) = 2.64, p = .012, η² = .07), distress (stimulus x trial; F(7, 259) = 34.05, p < .001, η² = .48) and retrospective US-expectancy (stimulus x trial; F(1, 36) = 354.70, p < .001, η² = .91). We observed a trend for acquisition of SCR (stimulus x trial; F(7, 266) = 2.23, p = .057, η² = .06). Cardiac acceleration did not emerge during acquisition (stimulus x trial; main effect stimulus: Fs < 1). 

3.2. Decelerators vs. Accelerators
Decelerators (6 male; 12 female) and accelerators (8 male; 13 female) did not differ in age, resting HRV (RMSSD), reported trait anxiety (STAI-T), anxiety sensitivity (ASI), US-intensity, US-evaluation, systolic blood pressure and diastolic blood pressure (Fs < 1). Decelerators showed a trend for higher fear of spiders (SPQ) compared to accelerators (F(1, 37) = 3.06, p = .09) (Table 1). 
3.2.1. Heart rate. Cardiac waveforms were based on the heart rate change for every 0.5 s during the 0-7 sec window following CS onset. Since subjects were classified according to the heart rate acquisition data (CS+ trials 7-8), the groups differed in the cardiac waveforms during the last four trials of acquisition (stimulus x group; F(1, 37) = 7.36, p = .01, η² = .17). While cardiac waveforms to the CS- did not differ significantly between decelerators and accelerators (trial x group; F(13, 481) < 1), there was a trend for stronger cardiac acceleration to the CS+ in accelerators than in decelerators (trial x group; F(13, 481) = 2.66, p = .058 , η² = .07). Cardiac acceleration to the threat stimulus was observed in accelerators, with significantly more cardiac activity to the threat stimulus (CS+) compared to the safety stimulus (CS-) (main effect stimulus; F(1, 20) = 5.72, p = .027 , η² = .22). In contrast, cardiac waveforms did not differ between CS+ and CS- in decelerators (stimulus x trial; F(13, 221) < 1; main effect stimulus; F(1, 17) = 2.14, p = .16 , η² = .11) (Fig. 1A). 
3.2.2. Baseline startle response. Both decelerators and accelerators showed a decrease in startle potentiation from the first block of habituation (trials 1-2) to the last block of habituation (trials 9-10) (trial x group, F < 1; main effect trial, F(1, 37) = 12.89, p = .001, η² = .26 ). However, the decelerator group showed marginally higher general levels of baseline startle potentiation compared to the accelerator group (main effect group, F(1, 37) = 3.37, p = .075, η² = .08) (Fig. 2A).
3.2.3. Conditioned startle response. The decelerator and accelerator groups did not differ significantly in startle potentiation to the NA trials that were presented during the conditioning phase (trial x group; F(7, 259) = 1.68, p = .12, η² = .04; main effect group, F(1, 37) = 1.68, p = .20, η² = .04). Yet, differential startle responding differed between decelerators and accelerators (stimulus x group; F(1, 37) = 4.22, p = .047, η² = .10). There was no difference in startle responding to the CS+ compared to the CS- in the decelerator group (main effect stimulus; F(1, 17) = 2.91, p = .11 , η² = .15), while the accelerators did show startle conditioning, evidenced by more potentiation to the CS+ compared to the CS- (main effect stimulus; F(1, 20) = 42.82, p < .001 , η² = .68). In sum, accelerators showed stronger potentiation to the feared vs. the control stimulus when compared to the decelerators. This effect could not be attributed to differences in responding to the specific conditioned stimuli types. There were differences between decelerators and accelerators neither in potentiation to the CS+ compared to NA (stimulus x trial x group; F(7, 259) = 1.53, p < .16 , η² = .04; stimulus x group; F(1, 37) < 1; main effect group; F(1, 37) = 1.37, p < .25 , η² = .04), nor in potentiation to the CS- compared to NA (stimulus x trial x group; F(7, 259) = 1.25, p < .28 , η² = .03; stimulus x group; F(1, 37) < 1; main effect group; F(1, 37) = 2.37, p < .13 , η² = .06) (Fig. 2A).   
3.2.5. Online distress. The acquisition pattern of distress ratings was opposite to that observed for the conditioned startle potentiation. We observed a trend for more differential ratings in the decelerator group compared to the accelerator group (stimulus x group; F(1, 36) = 3.90, p = .056, η² = .10). The pattern of CS+ learning (trials 1 to 8) differed between decelerators and accelerators (time x group; quadratic trend; F(1, 36) = 5.57, p = .024, η² = .13), while responses to the CS- were similar (time x group; linear, quadratic trend; Fs < 1). There was a curvilinear increase in responding to the threat stimulus in the decelerator group (quadratic trend time; F(1, 17) = 12.81, p = .002, η² = .43), while the accelerator group showed no deviation from linearity, indicating a more gradual increase of responding to the CS+ (linear trend time; F(1, 19) = 16.42, p = .001, η² = .46) (Fig. 3A, left panel).  
3.2.4. SCR. Decelerators and accelerators did not differ significantly in conditioned SCR (stimulus x trial x group; stimulus x group; main effect group; Fs < 1) (Fig. 3B, left panel).  
3.2.6. US-expectancy. Decelerators and accelerators did not differ in conditioned retrospective US-expectancies (stimulus x group; stimulus x trial x group; main effect group; Fs < 1) (Fig. 3C, left panel).  Tables with the means and standard deviations of the variables can be found in the Supplementary Materials.

3.3. Sex Differences and Cardiac Acceleration
Significant interactions with sex and cardiac acceleration were observed neither for acquisition of cardiac waveforms (stimulus x trial x group x sex; F(13, 455) = 1.02, p = .38, η² = .03; stimulus x group x sex; Fs < 1; group x sex; F(1, 35) = 1.99, p = .17, η² = .05), nor for habituation of the startle response (trial x group x sex; group x sex; Fs < 1), differential startle response (stimulus x trial x group x sex; stimulus x group x sex; group x sex; Fs < 1), startle response to the NA (trial x group x sex; group x sex; Fs < 1), online distress (stimulus x trial x group x sex; stimulus x group x sex; Fs < 1; group x sex; F(1, 34) = 1.88, p = .18, η² = .05), SCR (stimulus x trial x group x sex; F(7, 245) = 1.70, p = .14, η² = .04; stimulus x group x sex; F(1, 35) = 2.18, p = .15, η² = .06; group x sex; F(1, 35) = 2.44, p = .13, η² = .07), and US-expectancy (stimulus x trial x group x sex; stimulus x group x sex; Fs < 1; group x sex; F(1, 33) = 1.23, p = .28, η² = .04).

3.4. Low vs. High Resting HRV
Subjects with low resting HRV (5 male; 12 female) did not differ significantly from subjects with high resting HRV (9 male; 9 female) in reported trait anxiety (STAI-T), anxiety sensitivity (ASI), spider fear (SPQ), US-intensity, US-evaluation, and diastolic blood pressure (Fs < 1.51). High HRV individuals showed higher systolic blood pressure (F(1, 33) = 4.93, p < .03) and higher baseline HRV (RMSSD) compared to low HRV individuals (F(1, 33) = 23.87, p < .001). Low HRV individuals were near-significantly older than high HRV individuals (F(1, 33) = 3.18, p < .08) (Table 1).
3.4.1. Heart rate. Low HRV and high HRV individuals did not differ significantly in the acquisition of differential cardiac waveforms, cardiac waveforms to the CS+ or to the CS- (stimulus x trial x group; stimulus x group; trial x group; main effect group; Fs < 1) (Fig. 1B).
3.4.2. Baseline startle response. The pattern of startle habituation differed near-significantly between low and high HRV groups (trials 1 to 10; trial x group; linear trend; F(9, 33) = 3.83, p = .059, η² = .10). While there was a decrease in startle potentiation over the course of habituation in the low HRV group (main effect trial; F(9, 144) = 3.56, p = .007, η² = .18), startle responding remained similar over the course of habituation in the high HRV group (main effect trial; F(9, 153) = 1.73, p = .15, η² = .09). Although visual inspection suggests higher startle responding at the beginning of habituation in the low HRV group compared to the high HRV group, analyses did not reveal such effects (trials 1-2; main effect group; F(1, 33) = 1.41, p = .24, η² = .04; trials 1-5; main effect group; F(1, 33) = 1.02, p = .32, η² = .03) (Fig. 2B). 
3.4.3. Conditioned startle response. The low HRV and high HRV groups differed neither in startle responding to the NA trials, nor in acquisition of differential startle response (stimulus x trial x group; stimulus x group; main effect group; Fs < 1) (Fig. 2B). 
3.4.4. Online distress. We observed no significant difference between the low HRV and high HRV group with respect to acquisition of online distress (stimulus x trial x group; stimulus x group; main effect group; Fs < 1) (Fig. 3A; right panel).
3.4.5. SCR. Differential SCR acquisition did not differ between groups (stimulus x trial x group; main effect group; Fs < 1; stimulus x group; F(1, 33) = 2.52, p = .12, η² = .07). However, explorative analyses of SCR conditioning performed separately for the groups revealed significantly higher responding to the CS+ compared to the CS- in the high HRV group (main effect stimulus; F(1, 17) = 18.93, p < .001, η² = .53) but not in the low HRV group (main effect stimulus; F(1, 16) = 2.38, p = .14, η² = .13) (Fig. 3B; right panel).
3.4.6. US-expectancy. Acquisition of retrospective US-expectancy did not differ between the low HRV and high HRV groups (stimulus x trial x group; stimulus x group; main effect group; Fs < 1) (Fig. 3C; right panel). Tables with the means and standard deviations of the variables can be found in the Supplementary Materials. 
3.4.7. Tertiles. In addition to the median split analyses, we performed a tertiles split to compare two extreme groups of individuals with low  (n = 11; M = 29.04, SD = 6.99) and high (n = 12; M = 93.95, SD = 38.73) resting HRV. Analyses did not reveal any modulatory effects of HRV on conditioned responding. We did not observe significant differences between low and high resting HRV for acquisition of cardiac waveforms (stimulus x trial x group; stimulus x group; main effect group; Fs < 1), habituation of the startle response (trial x group; main effect group; Fs < 1), acquisition of startle response (stimulus x trial x group; stimulus x group; main effect group; Fs < 1), responding to the NA during conditioning (trial x group; F(7, 147) = 1.04, p = .41, η² = .05; main effect group; F(1, 21) = 1.30, p = .27, η² = .06), online distress (stimulus x trial x group; stimulus x group; main effect group; Fs < 1), SCR (stimulus x trial x group; stimulus x group; main effect group; Fs < 1), and retrospective US-expectancy (stimulus x trial x group; stimulus x group; main effect group; Fs < 1).

3.5. Sex Differences and HRV
Overall, men (M = 59.87, SD = 31.62) and women (M = 55.52, SD = 39.02) did not differ in baseline HRV (main effect sex; F(1, 21) < 1). Significant interactions with sex and HRV were observed neither for habituation of the startle response (trial x group x sex; F(9, 279) = 1.04, p = .40, η² = .03; group x sex; Fs < 1), nor for acquisition of cardiac waveforms (stimulus x trial x group x sex; stimulus x group x sex; Fs < 1; group x sex; F(1, 31) = 2.17, p = .15, η² = .07), startle response (stimulus x trial x group x sex; stimulus x group x sex; group x sex; Fs < 1), distress (stimulus x trial x group x sex; F(7, 210) = 1.39, p = .26, η² = .04; stimulus x group x sex; group x sex; Fs < 1), SCR (stimulus x trial x group x sex; group x sex; Fs < 1; stimulus x group x sex; F(1, 31) = 2.30, p = .14, η² = .07), and US-expectancy (stimulus x trial x group x sex; group x sex; Fs < 1; stimulus x group x sex; F(1, 31) = 1.63, p = .21, η² = .05). Evidence for a modulatory effect of HRV on baseline startle responding was previously observed on the first habituation trial in a female only sample (Ruiz-Padial et al., 2003). However, when further analysing the first habituation trial we did not observe an interaction between HRV (high vs. low) and sex (male vs. female) or a difference between high and low HRV women on the first trial of habituation (Fs < 1). 

4. Discussion
We investigated how classification according to cardiac acceleration and resting HRV modulates conditioned responding on multiple response domains. In line with previous findings (Hamm & Vaitl, 1996), we observed that cardiac decelerators showed decreased differential startle conditioning and that decelerators and accelerators did not differ on conditioned SCR. Additionally, we demonstrated that conditioned online distress was more pronounced in the decelerator group than in the accelerator group. Contrary to expectation, conditioned responding did not differ between low and high HRV individuals, but we did find a trend for a modulatory role of HRV in contextual anxiety. Explorative analyses showed acquisition of SCR only in high HRV individuals but not in low HRV individuals.
	We observed only marginal individual differences with regard to contextual anxiety and both cardiac acceleration and HRV. Baseline startle responding tended to be higher for decelerators compared to accelerators. Low HRV individuals showed more decrease of startle potentiation over the course of habituation. Again, while not statistically significant this might be the result from elevated startle responding at the beginning of habituation in low HRV participants. Given the marginal findings we can only speculate on the role of cardiac acceleration and HRV in contextual anxiety. In absence of discrete threat cues, both decelerators and low HRV individuals showed heightened baseline startle, which may indicate future-oriented fear. This effect was no longer present during fear learning, given that startle responses to the loud noise (NA) did not persist during conditioning. Possibly, contextual anxiety was reduced by the introduction of a cue that predicts the occurrence of the aversive event (Fonteyne et al., 2010). 
During cued conditioning, decelerators showed startle responses in a less discriminating manner compared to accelerators. Cardiac acceleration might be associated with stronger preparation for escape. This preparation seems stimulus specific (CS+) since we did not observe generalization to the safety cue (CS-). Increased heart deceleration might be interpreted as stronger orienting to the CS+. This substantiates the idea that decelerators only learn to relate the CS to the US, while in accelerators defensive reactions also come into play. However, increased deceleration to the CS+ could also be interpreted as stronger fear bradycardia that is observed during freezing in immobilized animals. Thus, decelerators might also show stronger fear bradycardia and freezing with stronger generalization of their fear response to CS-. While high trait anxiety and anxiety disorders may be characterized by heightened responding to the safety cue (Gazendam et al., 2013; Grillon and Morgan, 1999; Lissek et al., 2009; Orr et al., 2000; Peri et al., 2000), we found no evidence that startle responding to the safety cue was elevated in decelerators. Finally, decelerators did show absence of differential startle responding but a marginal increase in differential distress ratings relative to accelerators. A speculative hypothesis would be that if the defensive system is not appropriately engaged during fear learning, feelings of distress are enhanced. While it is in line with previous findings that the different response systems can diverge (Hamm and Weike, 2005; Sevenster et al., 2014, 2012a; Soeter and Kindt, 2010; Weike et al., 2005; 2007), future research should shed light on the robustness of this finding. 
While conditioned startle responding differed as a function of cardiac acceleration, such effects were only observed in exploratory analyses of SCR conditioning. Those with high HRV showed better acquisition of SCR compared to those with low HRV. Together with the observation that HRV affected contextual anxiety, these findings point toward more adaptive physiological responding in individuals with high HRV. 
Explorative analyses did not reveal any interaction between HRV and sex. To start with, we did not find that women had higher resting HRV than men. While most studies on HRV point toward elevated HRV in women compared to men (Evans et al., 2001; Koskinen et al., 2009; Snieder et al., 2007), several studies, including the current study, did not find evidence for these differences (Bonnemeier et al., 2003; Li et al., 2009; Umetani et al., 1998). These conflicting results might be explained by the use of different indices of heart rate dynamics. Non-linear estimates of HRV, respiratory sinus arrhythmia (RSA) and approximate entropy (ApEn), are more sensitive than traditional time- and frequency parameters of HRV to reveal subtle sex differences (Snieder et al., 2007). Second, small sample sizes could account for the lack of resting HRV effects in the total sample or women only. Thus, a fear conditioning study conducted in a bigger sample of participants with more sensitive measures of HRV may reveal a sex-dependent modulatory role of HRV on acquisition of conditioned fear.
Elevated HRV in women seems counterintuitive, since it contrasts sharply with the observation that women are more prone to anxiety disorders than men (Kessler et al., 1994; Lewinsohn et al., 1998; McLean et al., 2011). Other factors may overrule the beneficial effects of having high resting HRV in women. Female sex hormones are an obvious candidate in modulating fear learning, perhaps more strongly than resting HRV. For example, rodent males outperform females on fear conditioning tasks, with higher expression of conditioned freezing (Maren et al., 1994; Pryce et al., 1999). This effect is abolished in ovariectomized females (Gupta et al., 2001). Also, estrogen is associated with the decreased capability of inhibiting fear in female rats. These findings point toward an important role for female hormones in the modulation of fear learning (Toufexis et al., 2007). Thus, while women may be naturally equipped with high resting HRV, female hormones may hamper emotional flexibility. It is noteworthy that female hormones can also facilitate learning performance. Females show more rapid acquisition of trace and delay eye blink conditioning than male rodents (Shors et al., 1998; Wood and Shors, 1998). This effect is more pronounced when the start of the experiment coincides with a period of high oestrogen levels in the estrous cycle (proestrus) (Shors et al., 1998). Thus, sex differences on one task may be in contrast with another task, even when these tasks seem highly related (fear conditioning and eye blink conditioning). This may be due to the task itself or the measures used as conditioned responding. For future studies on emotional modulation and HRV it is important to keep in mind that sex differences are not unidirectional.
	Fear is more adaptively learned in accelerators than in decelerators, given that both differential startle and conditioned cardiac acceleration were observed exclusively in accelerators. Similar to patients and high anxious individuals, decelerators show reduced discrimination between the reinforced threat stimulus and the safety cue. In line with the findings by Hamm and Vaitl (1996), there were no differences between decelerators and accelerators on US-expectancy ratings and SCR. Thus, decelerators show impaired defensive responding but intact responding on measures of non-specific anticipation. Cardiac acceleration, then, might function as an index of adaptive defensive responding. In contrast, given that anticipation of future threat is a marker of anxiety disorders, cardiac deceleration might not be a good marker of pathological fear learning. Note that in our previous studies on the dissociation between expectancy and SCR we employed online US-expectancy ratings instead of retrospective ratings. Moreover, in the current study expectancy of the US during conditioning was rated two days later, after memory retrieval, extinction and reinstatement test. Although rating US-expectancy of only two CSs is very straightforward, we cannot exclude the possibility that more subtle differences could have been revealed with online ratings.
In sum, cardiac deceleration was associated with impaired fear potentiated startle conditioning, enhanced conditioning of distress, and elevated contextual anxiety. We found preliminary evidence that contextual anxiety and acquisition of SCR were affected by HRV. Thus, classifying participants according to heart rate pattern revealed adaptive fear learning in accelerators, and classification according to resting state HRV may point to adaptive responding in high HRV individuals. Although the small sample sizes seriously restrict the impact of our conclusions, this is the first study to examine the role of resting HRV in a cued fear-conditioning paradigm. Prospective studies could further identify the profile of individuals who show adaptive fear learning and those at risk for the development of anxiety disorders. 

Acknowledgments 
The authors thank B. Molenkamp for his technical assistance. This study was funded by a Vici grant (MK) from the Netherlands Organization for Scientific Research. TB is supported by a Vidi grant from the Netherlands Organization for Scientific Research. DS is supported by an FWO-Flanders postdoctoral fellowship.












Figure legends
Figure 1. Cardiac waveforms for the CS+, CS- over the last four trials of conditioning for (A) Decelerators (n = 18) and Accelerators (n = 21), and (B) Low HRV  (n = 17), and High HRV (n = 18) individuals. Error bars represent s.e.m. CS = conditioned stimulus; HRV = heart rate variability.

Figure 2. Baseline startle responding to the noise alone (NA) and startle responses to the CS+, CS- and NA during conditioning for (A) Decelerators (n = 18) and Accelerators (n = 21), and (B) Low HRV  (n = 17), and High HRV (n = 18) individuals. Error bars represent s.e.m. CS = conditioned stimulus; HRV = heart rate variability.

Figure 3. (A) Online distress ratings, (B) skin conductance responses, and (C) retrospective US-expectancy to the CS+ and CS- for (left panel) Decelerators (n = 18) and Accelerators (n = 21), and (right panel) Low HRV  (n = 17), and High HRV (n = 18) individuals. Error bars represent s.e.m. US = unconditioned stimulus; CS = conditioned stimulus; HRV = heart rate variability.

Table 1. Mean values (SD) of age, spider fear (SPQ), anxiety sensitivity (ASI), trait anxiety (STAI-T), US-intensity (mA), US-evaluation, resting HRV (RMSSD), systolic blood pressure (BP), and diastolic BP for the Decelerators (n = 18), Accelerators (n = 21), Low HRV (n = 17) and High HRV individuals (n = 18). SPQ = Spider Phobia Questionnaire; ASI = Anxiety Sensitivity Index; STAI-T = Trait Anxiety Inventory; US = unconditioned stimulus; HRV = heart rate variability; RMSSD = root mean square of successive difference; BP = blood pressure. 
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	Decelerators
	Accelerators
	Low HRV
	High HRV

	Age
	20.61 (2.62)
	20.48 (1.91)
	21.35 (2.96)
	20.00 (1.24)

	Spider fear (SPQ)
	6.22 (4.65)
	3.95 (3.44)
	5.41 (4.77)
	4.56 (3.97)

	Anxiety sensitivity
	9.17 (5.92)
	9.86 (4.36)
	9.88 (4.28)
	9.33 (5.391)

	Trait anxiety
	34.88 (9.82)
	35.24 (6.99)
	35.88 (7.28)
	34.56 (9.40)

	US-intensity (mA)
	18.78 (11.53)
	17.33 (8.64)
	15.76 (7.90)
	19.56 (11.42)

	US-evaluation
	-2.89 (.76)
	-2.71 (1.01)
	-2.65 (.99)
	-3.00 (.67)

	RMSSD 
	52.31 (21.08)
	60.97 (43.98)
	33.72 (8.62)
	79.48 (37.67)

	Systolic BP
	118.06 (15.29)
	115.95 (11.05)
	112.12 (9.31)
	121.78 (15.49)

	Diastolic BP
	73.56 (9.13)
	71.81 (8.42)
	73.00 (6.85)
	73.06 (10.49)


Table 1
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Table S1. Mean values and standard deviations for heart rate (HR) change to the CS+ and CS- for the Decelerators (n = 18), Accelerators (n = 21), Low HRV  (n = 17), and High HRV (n = 18) individuals. 

	
	
	Decelerators
	Accelerators
	Low HRV
	High HRV

	
	Time
	CS+
	CS-
	CS+
	CS-
	CS+
	CS-
	CS+
	CS-

	
	
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD

	HR Change
	0.5
	-0.64
	1.18
	-0.51
	1.70
	0.67
	1.56
	-0.17
	2.20
	0.19
	1.18
	-0.39
	2.23
	0.03
	1.93
	-0.04
	1.87

	
	1
	-1.04
	1.98
	-0.73
	2.51
	1.11
	2.26
	-0.53
	3.33
	0.23
	1.77
	-0.56
	2.95
	0.25
	2.96
	-0.36
	3.11

	
	1.5
	-1.40
	2.59
	-0.71
	3.39
	1.57
	2.58
	-0.89
	3.92
	0.36
	2.16
	-0.68
	3.31
	0.45
	3.76
	-0.59
	4.02

	
	2
	-1.46
	2.71
	-0.19
	3.90
	1.65
	2.76
	-1.02
	3.95
	0.58
	2.55
	-0.34
	3.56
	0.37
	3.77
	-0.65
	4.23

	
	2.5
	-1.49
	2.79
	0.41
	4.13
	1.31
	2.48
	-0.96
	3.93
	0.46
	2.36
	0.28
	3.66
	0.19
	3.52
	-0.63
	4.40

	
	3
	-1.28
	2.51
	0.61
	4.34
	1.43
	2.58
	-0.27
	3.84
	0.54
	2.43
	0.63
	3.72
	0.39
	3.32
	0.04
	4.41

	
	3.5
	-1.02
	2.17
	0.59
	4.60
	2.51
	3.07
	0.49
	3.86
	0.93
	2.52
	0.68
	3.96
	1.25
	3.97
	0.84
	4.44

	
	4
	-1.06
	2.83
	0.73
	4.66
	3.59
	3.71
	0.79
	4.17
	1.26
	3.19
	0.64
	4.39
	1.97
	5.07
	1.28
	4.49

	
	4.5
	-1.03
	3.91
	0.65
	4.21
	4.44
	4.22
	0.82
	4.21
	1.50
	4.03
	0.60
	4.39
	2.84
	5.89
	1.08
	4.10

	
	5
	-0.41
	4.58
	0.91
	3.46
	5.00
	4.44
	0.97
	3.93
	1.91
	4.11
	1.08
	3.97
	3.65
	6.37
	1.03
	3.50

	
	5.5
	-0.13
	4.83
	1.31
	3.38
	4.95
	4.50
	1.52
	4.03
	2.27
	3.57
	1.75
	3.79
	3.43
	6.79
	1.19
	3.47

	
	6
	-0.19
	5.13
	1.54
	3.67
	4.57
	4.47
	2.16
	4.58
	2.31
	3.28
	2.17
	3.75
	2.84
	7.10
	1.57
	4.06

	
	6.5
	-0.56
	4.31
	1.61
	3.75
	4.35
	5.07
	2.41
	4.53
	2.18
	3.26
	2.40
	3.74
	2.33
	7.15
	1.77
	4.53

	
	7
	-0.80
	3.52
	0.91
	3.71
	3.87
	5.47
	2.42
	4.76
	1.99
	3.34
	2.40
	4.17
	1.80
	6.93
	1.32
	4.87






Table S2. Mean values and standard deviations for baseline startle responding to the noise alone (NA) and startle responses to the CS+, CS- and NA during conditioning for Decelerators (n = 18) and Accelerators (n = 21).

	
	
	Decelerators
	Accelerators

	
	Time
	CS+
	CS-
	NA
	CS+
	CS-
	NA

	
	
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD

	FPS Baseline
	1
	-
	-
	-
	-
	326.03
	190.25
	-
	-
	-
	-
	239.73
	143.67

	
	2
	-
	-
	-
	-
	328.24
	186.79
	-
	-
	-
	-
	244.53
	196.07

	
	3
	-
	-
	-
	-
	278.13
	163.70
	-
	-
	-
	-
	222.05
	145.42

	
	4
	-
	-
	-
	-
	297.97
	194.27
	-
	-
	-
	-
	208.98
	152.82

	
	5
	-
	-
	-
	-
	271.44
	160.03
	-
	-
	-
	-
	216.24
	167.31

	
	6
	-
	-
	-
	-
	244.60
	163.06
	-
	-
	-
	-
	227.80
	161.72

	
	7
	-
	-
	-
	-
	203.94
	127.75
	-
	-
	-
	-
	182.45
	137.04

	
	8
	-
	-
	-
	-
	223.80
	126.16
	-
	-
	-
	-
	166.27
	141.67

	
	9
	-
	-
	-
	-
	294.08
	195.81
	-
	-
	-
	-
	194.45
	173.63

	
	10
	-
	-
	-
	-
	241.96
	151.27
	-
	-
	-
	-
	160.34
	141.58

	FPS 
Conditioning
	1
	290.33
	124.96
	288.86
	172.42
	243.02
	140.03
	241.64
	149.32
	218.82
	144.46
	184.46
	172.71

	
	2
	258.21
	118.76
	312.78
	179.55
	209.28
	123.63
	206.69
	145.94
	195.46
	146.78
	173.68
	179.89

	
	3
	303.32
	169.76
	257.27
	135.44
	235.12
	206.58
	267.70
	157.72
	188.46
	115.75
	140.79
	126.67

	
	4
	285.71
	102.11
	233.78
	134.31
	172.14
	114.01
	239.14
	165.16
	179.27
	153.05
	141.14
	105.77

	
	5
	252.69
	118.10
	203.61
	87.57
	204.13
	153.43
	247.16
	160.19
	172.72
	118.88
	150.41
	123.81

	
	6
	260.35
	128.64
	265.29
	174.73
	232.79
	182.44
	252.16
	165.58
	163.25
	151.53
	136.90
	119.84

	
	7
	272.95
	169.69
	217.91
	187.54
	173.51
	117.92
	232.55
	133.99
	154.77
	128.15
	158.68
	155.85

	
	8
	263.58
	127.86
	224.92
	178.48
	203.87
	178.71
	200.47
	131.80
	180.94
	138.96
	145.11
	125.32


Table S3. Mean values and standard deviations for baseline startle responding to the noise alone (NA) and startle responses to the CS+, CS- and NA during conditioning for the Low HRV  (n = 17) and High HRV (n = 18) individuals.

	
	
	Low HRV
	High HRV

	
	Time
	CS+
	CS-
	NA
	CS+
	CS-
	NA

	
	
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD

	FPS Baseline
	1
	-
	-
	-
	-
	289.77
	209.44
	-
	-
	-
	-
	265.06
	140.12

	
	2
	-
	-
	-
	-
	313.17
	209.84
	-
	-
	-
	-
	214.67
	112.35

	
	3
	-
	-
	-
	-
	266.41
	179.59
	-
	-
	-
	-
	229.67
	141.84

	
	4
	-
	-
	-
	-
	251.63
	153.46
	-
	-
	-
	-
	216.20
	159.78

	
	5
	-
	-
	-
	-
	254.93
	166.81
	-
	-
	-
	-
	210.06
	155.12

	
	6
	-
	-
	-
	-
	227.85
	154.73
	-
	-
	-
	-
	227.84
	149.82

	
	7
	-
	-
	-
	-
	198.74
	115.69
	-
	-
	-
	-
	188.03
	156.78

	
	8
	-
	-
	-
	-
	182.52
	121.92
	-
	-
	-
	-
	187.51
	149.93

	
	9
	-
	-
	-
	-
	239.64
	214.47
	-
	-
	-
	-
	224.11
	163.36

	
	10
	-
	-
	-
	-
	175.14
	139.38
	-
	-
	-
	-
	189.04
	139.60

	FPS 
Conditioning
	1
	266.93
	151.24
	278.71
	190.89
	191.66
	179.04
	254.44
	127.14
	217.64
	127.12
	216.76
	143.21

	
	2
	222.34
	117.03
	273.60
	202.04
	181.10
	125.91
	216.68
	152.47
	218.85
	144.71
	171.56
	166.20

	
	3
	291.19
	144.21
	232.78
	158.01
	196.81
	198.35
	264.08
	176.15
	201.98
	87.07
	163.14
	147.85

	
	4
	274.76
	158.41
	194.20
	177.18
	153.16
	111.12
	226.85
	118.91
	200.84
	112.82
	156.34
	112.98

	
	5
	240.10
	111.08
	171.41
	96.66
	170.56
	162.92
	256.16
	172.44
	197.72
	116.20
	166.86
	117.52

	
	6
	261.52
	159.66
	205.30
	188.09
	171.21
	175.90
	252.91
	149.49
	202.68
	153.06
	172.06
	129.44

	
	7
	248.30
	148.16
	200.93
	151.24
	170.42
	108.96
	234.53
	133.44
	168.31
	174.73
	140.48
	153.84

	
	8
	236.36
	141.71
	189.52
	178.17
	163.73
	179.62
	214.31
	133.70
	196.51
	134.45
	171.49
	120.43



Table S4. Mean values and standard deviations for the online distress ratings, skin conductance responses (SCR), and retrospective US-expectancy to the CS+ and CS- for the Decelerator (n = 18), Accelerator (n = 21), Low HRV  (n = 17), and High HRV (n = 18) individuals. 
	
	
	Decelerators
	Accelerators
	Low HRV
	High HRV

	
	Trial
	CS+
	CS-
	CS+
	CS-
	CS+
	CS-
	CS+
	CS-

	
	
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD

	Online
Distress
	1
	4.11
	1.98
	3.62
	2.10
	3.47
	2.64
	3.84
	2.69
	3.43
	2.37
	3.98
	2.31
	4.36
	2.22
	4.07
	2.36

	
	2
	4.21
	1.96
	2.43
	1.98
	3.36
	2.62
	2.31
	1.90
	3.89
	2.72
	2.58
	2.13
	4.03
	2.12
	2.70
	1.58

	
	3
	4.84
	2.23
	2.09
	1.24
	3.52
	2.54
	1.92
	2.05
	4.08
	2.68
	2.12
	2.11
	4.28
	2.13
	2.24
	1.26

	
	4
	5.72
	2.11
	1.68
	1.06
	4.20
	2.73
	1.59
	1.85
	4.69
	2.65
	1.92
	1.84
	5.19
	2.18
	1.62
	1.24

	
	5
	5.89
	2.21
	1.41
	1.17
	4.63
	2.85
	1.83
	1.59
	4.85
	2.85
	1.84
	1.64
	5.60
	2.21
	1.56
	1.27

	
	6
	5.55
	2.26
	1.38
	1.22
	4.67
	2.81
	1.63
	1.44
	4.87
	2.66
	1.59
	1.56
	5.24
	2.40
	1.60
	1.17

	
	7
	5.36
	2.44
	0.89
	0.80
	4.86
	2.95
	1.49
	1.48
	4.96
	2.82
	1.33
	1.43
	5.16
	2.59
	1.14
	1.11

	
	8
	5.11
	2.68
	0.75
	0.81
	4.87
	3.05
	1.38
	1.65
	4.81
	2.89
	1.43
	1.64
	5.07
	2.82
	0.79
	1.06

	SCR
	1
	1.41
	0.37
	1.36
	0.48
	1.28
	0.29
	1.29
	0.36
	1.31
	0.39
	1.36
	0.51
	1.35
	0.30
	1.24
	0.30

	
	2
	1.20
	0.30
	1.15
	0.26
	1.11
	0.22
	1.12
	0.22
	1.11
	0.25
	1.14
	0.26
	1.14
	0.22
	1.13
	0.21

	
	3
	1.44
	0.56
	1.09
	0.23
	1.26
	0.32
	1.13
	0.21
	1.27
	0.44
	1.12
	0.26
	1.40
	0.49
	1.09
	0.16

	
	4
	1.22
	0.33
	1.13
	0.32
	1.24
	0.35
	1.10
	0.20
	1.20
	0.41
	1.11
	0.27
	1.29
	0.28
	1.09
	0.21

	
	5
	1.19
	0.31
	1.09
	0.19
	1.16
	0.32
	1.04
	0.18
	1.13
	0.35
	1.03
	0.12
	1.20
	0.30
	1.04
	0.15

	
	6
	1.25
	0.46
	1.15
	0.31
	1.24
	0.37
	1.07
	0.22
	1.21
	0.45
	1.09
	0.26
	1.30
	0.40
	1.07
	0.22

	
	7
	1.23
	0.48
	1.04
	0.15
	1.19
	0.34
	1.09
	0.25
	1.18
	0.49
	1.13
	0.29
	1.22
	0.26
	1.03
	0.08

	
	8
	1.23
	0.38
	1.08
	0.27
	1.18
	0.24
	1.04
	0.10
	1.11
	0.23
	0.99
	0.03
	1.24
	0.29
	1.13
	0.27

	US-expectancy
	1
	0.71
	1.21
	0.06
	1.60
	0.90
	1.68
	-0.20
	2.14
	0.65
	1.32
	0.06
	2.08
	1.06
	1.66
	-0.22
	1.86

	
	2
	4.24
	0.97
	-4.71
	0.69
	4.33
	1.20
	-4.75
	0.72
	4.12
	1.32
	-4.59
	0.87
	4.36
	0.87
	-4.83
	0.51
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