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Abstract

Posttraumatic stress disorder (PTSD) is associated with altered pain

perception, namely increased pain threshold and higher pain response. While pain

consists of physiological and affective components, affective components are often

overlooked. Similar patterns of increased threshold-high response in PTSD were

shown in response to emotional stimuli, i.e., emotional numbing. As both emotional

numbing and pain processing are modulated by the amygdala, we aimed to examine

whether individuals diagnosed with PTSD show lower amygdala activation to pain

compared with combat controls, and whether the amygdala responses to pain

correlates with emotional numbing. To do so, two independent samples of veterans

(original study: 44 total (20 PTSD); conceptual replication study: 40 total (20 PTSD))

underwent threat conditioning, where a conditioned stimulus (CS+; visual stimulus)

was paired with an unconditioned stimulus (US; electric-shock). We contrasted the

amygdala activity to the CS+US pairing with the CS+ presented alone and correlated it

with emotional numbing severity. In both samples, the PTSD group showed a robust

reduction in amygdala reactivity to shock compared to the Combat Controls group.

Furthermore, amygdala activation was negatively correlated with emotional numbing

severity. These patterns were unique to the amygdala, and did not appear in

comparison to a control region, the insula, a pivotal region for the processing of pain.

To conclude, amygdala response to pain is lower in individuals with PTSD, and is

associated with emotional numbing symptoms. Lower amygdala reactivity to mild



pain may contribute to the “all-or-none” reaction to stressful situations often

observed in PTSD.

Introduction

Neuroimaging studies of posttraumatic stress disorder (PTSD) have

consistently shown exaggerated amygdala activation [1], both in response to

trauma-related stimuli and generic emotional stimuli [2]. This is in line with the

hypothesis that PTSD results from dysregulation of fear [3], in which initial fear from

the traumatic event persists for months and years, a long-time after the trauma has

passed. Consequently, Pavlovian fear conditioning is one of the most common

behavioral paradigms used to study PTSD in humans [4–6]. In this paradigm, one

stimulus (conditioned stimulus, CS+) is occasionally followed by an aversive

unconditioned stimulus (US; e.g., electric shocks), and a second stimulus (CS-) is

never followed by the aversive US. Pavlovian fear conditioning studies have typically

shown increased skin conductance response (SCR) to the CS- (i.e., overgeneralization

of fear) and prolonged extinction of the CS+ (i.e., inhibition of extinction) in PTSD,

compared to non-PTSD populations [7]. Neuroimaging studies comparing PTSD

patients and trauma-exposed controls further report increased amygdala and anterior

hippocampus responses to the CS+, both during fear acquisition and late extinction

phases [8]. In contrast, the neural response to the US (e.g., receiving a mild electric

shock) is often overlooked.



Pain and PTSD are often tied together. The traumatic event that leads to the

development of this debilitating disorder usually consists of actual pain or threat of

pain [9], and not surprisingly there is a high comorbidity between PTSD and chronic

pain disorders [10,11]. Pain itself is often treated as a physiological phenomenon

governed by the “pain matrix” [12], a subset of neural regions that are implicated in

pain processing. While the exact composition of the matrix is still debated, the insula

is the most consistently reported region [12]. However, pain has an additional (often

overlooked) affective aspect [13–15], largely modulated by amygdala functionality

[16]. Indeed, individuals diagnosed with PTSD often show abnormalities in both the

physical and affective processing of pain. While PTSD patients rate suprathreshold

aversive stimuli as more painful, they also demonstrate higher pain threshold [17,18],

compared to healthy controls. This increased threshold for pain can be blocked with

opioids antagonists, such as naloxone [19,20], and is most often observed under

stress, and thus is referred to as “Stress-Induced Analgesia” (SIA) [19]. Individuals

with PTSD show greater pain suppression (i.e., higher SIA response) to acute pain

compared to both healthy individuals [17] and trauma-exposed controls [20,21],

suggesting that SIA in PTSD is an exaggeration of a normal response (i.e., pain

suppression under stress). The behavioral response characterizing SIA is commonly

measured using self-reports [17,20,21]. However, there is scarce evidence of the

amygdala response to pain during stressful or fear-inducing situations in PTSD.

The “high threshold-high response” to pain implicated in PTSD is similar to

the response pattern to affective stimuli known as emotional numbing (EN). EN

encompasses the restricted capacity to experience positive and/or negative emotions,



as well as hyper-responsivity to highly negative stimuli [22,23]. EN was previously

associated with several pain symptoms in PTSD patients [24–26], including fear of

pain, pain intensity, and pain disability [26]. In addition, higher pain tolerance and EN

are two of the most prominent symptoms reported by veterans after deployment [25].

Therefore, it is possible that EN and SIA share a common mechanism.

To this end, we examined the affective response to pain in the amygdala and its

modulation by EN symptoms, in trauma-exposed combat veterans with and without

PTSD. We hypothesized that participants with PTSD would show lower amygdala

activation to mild pain compared to trauma-exposed controls (i.e., higher pain

threshold), and that decreased amygdala’s activation would be associated with greater

severity of EN symptoms. To assess the robustness of our findings, we further

examine these hypotheses in an independent group of participants that performed an

analogous paradigm (e.g., fear generalization) [27].

Materials and Method

Study 1 (original sample)

Participants and Clinical Assessment

Fifty veterans with combat experience were recruited from the VA hospital in

West Haven, Connecticut, and provided informed consent (see Table 1). All

participants underwent clinical screening using the Structured Clinical Interview for

DSM-IV Axis I Disorders (SCID-IV) [28] and the Clinician-Administered PTSD Scale



for DSM-IV (CAPS-IV) [29]. Based on the latter, n=25 participants met PTSD

diagnosis (i.e., “PTSD” group) and n=25 did not meet PTSD diagnosis (i.e., “Combat

Controls” group). For exclusion criteria, please refer to the supplementary methods.

In addition, participants completed two self-report questionnaires: PTSD Checklist

for DSM-5 (PCL-5) [30] and Beck Depression Inventory-II (BDI-II) [31]. Six

participants were excluded from the final analysis due to high movement ratio (3 from

the PTSD group and 1 from the combat controls) or equipment failures (2 from the

PTSD group). The remaining 44 participants (20 PTSD) were included in the final

analyses.

Measures and Analyses

Emotional Numbing. Symptoms of EN were assessed using items 12-14 of the

PCL-5, based on the 7 factor model of PTSD [32,33].

Fear Conditioning Task. Participants were asked to observe three colored

squares (blue, yellow, and green) presented on a screen and assess the relationship

between these squares and the probability of receiving an electric shock. The order of

appearance of the different stimuli was counterbalanced between participants to

control for the order effect. Two of the colored squares (CS+) were each partially

paired with shock, with 7 presentations of CS+US and 9 presentations of CS+ alone

(for a total of 14 CS+US and 18 CS+, 43.75% reinforcement rate; see Fig. 1a). In

addition, there were 9 presentations of the third square which was never paired with

shock (safety signal, CS-). Squares appeared for 4 seconds (with an ITI of 6-10



seconds). In CS+US trials, the shock was applied for 200 ms and overlapped with the

offset of the square.

Electric Shock. The shock was administered by two electrodes placed on the

inner wrist of the participant’s dominant hand, connected to a Constant Voltage

Stimulator – Unipolar Pulse (Model STM200; Biopac Systems, Inc., Goleta, CA). Shock

levels were personally tailored for each participant. Starting at a minimal shock level

(20 volts), the shock intensity was gradually increased by the experimenter.

Participants were asked to report when the shock was “highly unpleasant but not

painful”, and this level was set for them throughout the entire duration of the

experiment.

Skin Conductance Response (SCR). Individuals’ physiological responses were

assessed using two Ag–AgCl electrodes, connected to a BioPac Systems skin

conductance module (EDA100C). The electrodes were attached to the first and second

fingers of each participant's non-dominant hand, between the first and second

phalanges. SCR waveforms were analyzed offline, using LedaLab version 3.4.9

(www.ledalab.de). Physiological data was downsampled to 100 HZ and smoothed

using a Gaussian window (size of 8 samples). Next, SCRs were decomposed by

continuous decomposition analysis (CDA) [34], extracting the phasic information

underlying the skin conductance response. Maximum phasic driver-peaks (muS >

0.02) in a time window of 0.5 to 4.5 seconds after stimulus onset were extracted.

Magnetic Resonance Imaging (MRI). MRI data were collected using a 3T Siemens

Prisma scanner at the Yale Magnetic Resonance Research Center (MRRC), using a

32-channel receiver array head coil. High-resolution structural images were acquired

http://www.ledalab.de


by Magnetization-Prepared Rapid Gradient-Echo (MPRAGE) imaging (TR = 2.5 s, TE =

2.83 ms, FOV = 256 x 256 mm2, matrix = 256 x 256 mm2, slice thickness = 1.0 mm

without gap, 160 slices, voxel size 1.0 × 1.0 × 1.0 mm3). Functional MRI scans were

acquired during the fear conditioning task, using a multi-band Echo-planar Imaging

(EPI) sequence (TR= 1000 ms, TE= 30ms, flip angle=60°, voxel size = 2 × 2× 2 mm3, 60

2 mm-thick slices, in-plane resolution = 2 × 2 mm2, FOV= 220mm).

Neural Data Preprocessing. All preprocessing stages were performed using

fMRIPrep 20.0.6 [35] and following standard procedures (For neuroimaging

acquisition and preprocessing details, see the Supplementary Methods).

Neural Data Analysis. All analyses were carried out using FSL imaging suite

(version 6.00) (www.fmrib.ox.ac.uk/fsl). Each subject’s BOLD signal was smoothed

using a 6-mm3 full width at half maximum (FWHM) Gaussian kernel, and then

corrected for the effects of motion estimated during the realignment step (total of 6

confounds -rotation and translation). Next, data was corrected for framewise

displacement (FD), spatial distortion (std DVARS), and noise (the first 6 anatomical

components from CompCor) [36]. A general linear model (GLM) was calculated for

each participant using FSL via the nipype interface [37,38]. The GLM included

predictors for each condition, and amygdala/insula activation was examined in the

contrasts: (1) CS+US>CS+ and (2) CS+>baseline between the two study groups (PTSD

vs. Combat Controls).

Region-of-Interest (ROI) analysis. To examine the amygdala’s response to pain,

we conducted an ROI analysis. To assess the specific role of the amygdala in affective

processing of pain, the insula, an area associated with the physical properties of pain,

http://www.fmrib.ox.ac.uk/fsl


was used for comparison [12]. Bilateral amygdala and insula ROI masks were taken

from the “Neurosynth” database [39] using the terms “amygdala” and “insula”,

respectively (see figure 2a, 2b). Amygdala activation, across all voxels included in the

mask, was averaged to a single amygdala activation score per subject. Amygdala’s

activation analysis between groups (PTSD vs. Combat Controls) was conducted using

Stan statistical language, via cmdStanpy interface. The same steps were repeated for

the insula.

Figure 2: Amygdala and insula masks

A. Bilateral amygdala from the “Neurosynth” database (932 voxels) B. Bilateral

insula from the “Neurosynth” database (3256 voxels).



Statistical Analyses. All analyses were conducted in Stan, a probabilistic

programming language, using its interface with Python (cmdStanPy). All results are

reported based on the posterior distribution using mean and 89% Highest Posterior

Density Interval (HPDi) [40,41]. Comparison of amygdala activation between groups

was done using a simple linear model, with amygdala’s average activation as the

dependent variable and group (PTSD/Combat Controls) as the independent variable.

Partially informed priors were used in these analyses, with both slope and intercept

assumed to be normally distributed (Mean=0,SD=1). EN served as the dependent

variable and amygdala activity to shock was the independent variable with the

intercept and coefficient prior normally distributed (Mean=0, SD=10, as the PCL

scores have higher variance) [42].

Robust Baysian Regression Analysis. To examine the association between

amygdala and insula response to mild pain (i.e., electric shock) and EN symptoms, and

to reduce the influence of outliers on the model, a robust Bayesian regression analysis

was conducted [43]. Participants' EN score was set as the dependent variable with

amygdala or insula average activation as the independent variable. Partially informed

priors were used in these analyses, with the intercept and slope prior normally

distributed (Mean=0, SD=10, as PCL scores have higher variance) [42]. For the

independent variable (i.e., amygdala or insula), the model used a Student’s t

distribution (to account for outliers) with the 𝜈 prior distributed as a Gamma

distribution (k=2, θ=0.1) as prior [41,44,45]. All Stan models can be found in the study

GitHub repository (https://github.com/LevyDecisionNeuroLab/SIA_PTSD).



Study 2 (Conceptual replication sample)

Participants and Clinical Assessment

Seventy-one veterans were recruited for the previously reported study by

Kaczkurkin et al. [27]. All participants (N=71) were screened using CAPS-IV [29], and

based on that categorized into three groups: “PTSD” (N=26), “Subthreshold PTSD”

(CAPS score: 20-39 ;N=23), and “Combat Controls" (CAPS score: 0 to 19; N=22). As

this sample was used for conceptual replication of the original study, the subthreshold

group was excluded from the current analysis (see Table 2). In addition to the

CAPS-IV, participants completed the self-report Posttraumatic Stress Disorder

Checklist - Military Version (PCL-M) [46]. Those who did not show fear response (4

PTSD; 1 combat control) and those with excessive head motion (2 PTSD; 1 combat

control) were excluded from the final analysis, resulting in a final sample of 40

participants in the final analysis (20 PTSD). For more details, see Kaczkurkin et al.

[27].

Emotional Numbing. Kaczkurkin et al. [27] collected PCL-M, unlike PCL-5 in the

original sample, hence, EN was assessed using items 8-12, based on the 5-factor

model of PTSD [47].

Fear conditioning (generalization) task [27]. Participants were asked to view

stimuli and were instructed that they “might learn to predict the shock if they attend

to the presented stimuli”. The original CS+ was a checkerboard textured ring (see

figure 1b). For the generalizability task, there were 5 sizes for the ring, with only one

size (biggest/smallest; counterbalanced) associated with a shock. Two different safety



cues were used for the CS- (ring-shaped biggest/smallest or ‘V’-shaped stimuli). The

CS+ was presented 35 times, with 22 co-terminated with a shock (CS+US; 63%

reinforcement rate). The US was a 100ms electric shock (3-5mA individually adjusted

to a “highly uncomfortable or mildly painful” level) delivered to the right ankle.

Preprocessing conceptual replication. All preprocessing was performed using Analysis of

Functional Neural Images (AFNI) [48] (for complete details, see Kaczkurkin et al. [27]

and the Supplementary materials). Both datasets were analyzed using the same ROI

analysis and robust regression analysis (see study 1 methods).

Figure 1: Experimental Designs of the Original and Conceptual Replication Studies.

A. In study 1, participants watched a pseudo-random series of three colored squares.

Two of these colored squares co-terminated with a US (i.e., electric shock) in 14 out of the 32

(43.75%) presentations (each colored-squared was paired with shock 7 out of 16 times). A

third-colored square appeared 9 times and was never paired to the US (shock). B. In Study



2, adapted from Kaczkurkin et al [27], participants saw a pseudo random order of the

shown stimuli. Each stimulus was presented for 4 seconds with an ITI of 2.4-4.8 seconds.

Only the CS+ co-terminated with a US (i.e., electric shock) in 22 out of the 35 (63%)

presentations.

Results

Demographic and clinical characteristics group comparisons

Demographics and clinical characteristics of the original and conceptual

replication samples are presented in Table 1. No significant differences were found

between PTSD and Combat Controls in age, SCR response to the US, or the personally

selected shock levels between the group (p>0.05; SCR data available only for study 1).

Table 1. Demographic and clinical characteristics of the original sample and

conceptual replication sample

Original sample (N=44)

Combat Controls
(N = 24)

PTSD
(N = 20)

t(42), p BF10

Age (years) 42.33 (12.29) 43.4 (12.22) 0.7, NS 0.31s

Sex 21 (87.5%) males 19 (95%) males (Χ2) 0.74, NS

PCL-5 Total Scores 12.5 (15.8) 38.35.6 (16.) 5.37, p<0.05 4572.7

Emotional
Numbing Scores

1.87 (2.5) 5.75 (3.61) 4.15, p<0.05 148.8

CAPS-4 Total Score
(past month)

6.5 (9.9) 60.25 (21.56) 9.51, p<0.05 7.64e+07

CAPS-4 Total Score 18.83 (13.86) 90.18 (19.49) 12.48, 5.15e+10



(lifetime) p<0.05

SCR to US (μs) 0.97 (.55) 0.74 (.59) 0.93, NS 2.24

Shock levels (mA) * 16.88 (13.23) 14.54 (12.53) 0.48, NS 2.61

Conceptual Replication sample (N=40)

Combat Controls
(N = 20)

PTSD
(N = 20)

t(38), p BF10

Age 33.45 (9.7) 33.50 (9.63) 0.01, NS 0.31

Sex 20 males 20 males

PCL-M Total Scores 32.13 (9.58) 53.7 (12.66) 6.01, <0.05 19850

Emotional
Numbing Scores

8.35 (3.85) 15.05 (3.74) 5.57, <0.05 6173

CAPS-4 Total Score 13.95 (6.4) 59.6 (15.7) 12.4, < 0.05 5.9e+11

*Shock levels were only recorded for several subjects (13 PTSD and 16 Combat Controls)
PCL-5 = PTSD Checklist for DSM-5; CAPS-5 = Clinical-Administered PTSD Scale for
DSM-IV; SCR = Skin conductance response; US = Unconditioned Stimuli, BF10 = Bayes Factor
for H1.

Decreased amygdala responsivity to shock in PTSD patients

Consistent with our hypothesis, the PTSD group showed decreased bilateral

amygdala activation to the shock compared to the Combat Controls group (Study 1: β =

-.20; SD = .11; 89% HPDi = [-.40, -.02]; Figure 3a; Study 2: β = -.16; SD = .08; 89%

HPDi = [-.29, -.02]; Figure 3b). There was no group difference in the amygdala

response to the non-reinforced CS+ stimuli (i.e., vs. fixation; Study 1: β = .073; SD =

.20, 89% HPDi = [-.29, .40]; Study 2: β = -.031; SD = .05, 89% HPD = [-.12, .05]),

suggesting that the difference is specific to the shock administration, and does not

result from overall heightened arousal in the PTSD group.



To assess the specificity of the effect to the amygdala, we tested the same

hypothesis in a different neural region (bilateral Insula, see methods). As expected, in

both the original and replication cohorts, there was no group difference in bilateral

Insula activation to the shock (Study 1: β = -.01; SD =1.4 ; 89% HPDi = [-.35, .12]; Study

2: β = -.018; SD =0.06 ; 89% HPDi = [-.12, .08])

Figure 3: Reduced amygdala (but not insula) response to shock in PTSD

Average neural activation to shock (i.e., the contrast of paired CS+US vs. unpaired

CS+ trials) in the Combat Control (blue) and PTSD (orange) groups. The right side of each

figure depicts the curve of the resampled distribution of differences between the two groups

(PTSD - CC). The mean of the PTSD group relative to controls is indicated by the black dot,



and the 89% confidence interval is indicated by the thick black line. Results from the

original sample (Study 1) are presented in panels A and C, while results from the conceptual

replication sample (Study 2) are presented in panels B and D. Results of the bilateral

amygdala are presented in panels A and B, whereas results of the bilateral insula are

presented in panels C and D.

Amygdala’s responsivity to shock is associated with emotional

numbing symptoms

Consistent with our hypothesis, Robust regression analysis revealed a negative

correlation between amygdala activation and the EN score (Study 1: ϱ = -3.6, SD = 1.4,

89% HPDi = [-6.1, -1.2]; Figure 4a; Study 2: ϱ = -4.2, SD =2.6, 89% HPD = [-8.7, -.00];

Figure 4b), such that lower amygdala reactivity to the shock corresponded to higher

EN scores.

In the specificity analysis, as expected, no significant association was found

between the insula activation and EN (study 1: ϱ =-1.3, SD =1.3, 89% HPD = [-3.6, 0.9];

study 2: ϱ = -1.2, SD =3.7, 89% HPD = [-7.8, 4.9]).

Figure 4: Robust regression between amygdala and insula activation and emotional

numbing score.



Robust Bayesian regression between average neural activation to shock (i.e., the

contrast of paired CS+US vs. unpaired CS+ trials) and emotional numbing based on the PCL

questionnaire (Study 1: PCL-5 items 12-14; Study 2: PCL-M items 8-12). Results from the

original sample (Study 1) are presented in panels A and C, while results from the replication

sample (Study 2) are presented in panels B and D. Results of the bilateral amygdala are

presented in panels A and B, whereas results of the bilateral insula are presented in panels C

and D.

Several control analyses were conducted on data from the original sample to

assess the specificity of the suggested EN-amygdala link (see supplementary results

for complete statistics). First, amygdala response was not correlated with depression



symptoms score (BDI; ϱ = -3.9,SD = 5.3, 89% HPDi = [-13.0, 4.9]). Second, multiple

robust regressions, each including EN and one other PTSD cluster from the 7 factor

model of PTSD [32,49], showed no robust additive predictive value for any other

cluster (Avoidance: ϱ=0.01, 89% HPDi = [-0.05, 0.07]; Intrusion: ϱ=0.01, 89% HPDi =

[-0.02, 0.04]; Negative affect: ϱ=-0.01, 89% HPDi = [-0.05, 0.02]; Externalized

behavior: ϱ=0.04, 89% HPDi = [-0.03, 0.11]; Dysphoric arousal: ϱ=0.01, 89% HPDi =

[-0.05, 0.07]; Anxious arousal: ϱ=0.01, 89% HPDi = [-0.03, 0.06]). Finally, the results

were not affected by movement artifacts: a group by condition analysis on framewise

displacement (FD) showed no group (β = 0.01, SD = 0.02, 89% CI [-0.03, 0.04]),

condition (β = -0, SD = 0.01, 89% CI[-0.02, 0.00]) or interaction effects (β = 0.01, SD =

0.01, 89% CI[-0.01, 0.03]).

Discussion

This study aimed to investigate affective neural processing of mild

subthreshold pain and its relation to EN in individuals diagnosed with PTSD. To this

end, we isolated the response of the amygdala and insula to electric shocks, an

unconditioned stimuli during the acquisition stage of a fear conditioning task, in

trauma-exposed combat veterans with and without PTSD diagnosis (PTSD and

Combat Control group, respectively). To examine the replicability and generalizability

of the results, we re-run the analysis using an independent sample. In both samples,

we found an overall reduction in amygdala (but not insula) responsivity to mild pain

in the PTSD group,compared with Combat Controls. Furthermore, amygdala (but not

insula) responsivity was negatively correlated with the degree of EN symptoms,



consistent with the suggested link between numbing of both emotions and emotional

pain processing within the amygdala.

Results of this work support a common mechanism for EN and stress-induced

analgesia (SIA). Foa and colleagues [48] were the first to suggest this

“common-mechanism”, based on animal research of inescapable shock. Further

evidence for this link between SIA and EN comes from studies showing associations

between EN and: (1) pain symptoms in PTSD patients [26], (2) reduced functioning in

chronic pain patients [51], and (3) pain disability in healthy individuals after surgery

[52]. Moreover, EN may actually be context-dependent [22], expressed mostly in

stressful situations (i.e., stress-induced numbing). Our findings further suggest that

the potential shared mechanism for SIA and EN is mediated specifically by the

amygdala’s activity (and not by the insula, a physical pain perception area). Indeed,

several neurofeedback studies have shown that reducing amygdala response to

threatening stimuli can reduce pain perception [53] and increase emotion regulation

[54,55].

Previous studies investigating the association between the amygdala response

to mild pain in PTSD populations report inconsistent results, with some showing

reduced activation to pain and others demonstrating the opposite. For example, Geuze

and colleagues [56], using a block-design study, have shown reduced activation of the

amygdala to heat pain in veterans with PTSD (compared to veterans without PTSD).

However, their design used the interval between blocks as baseline, and thus does not

account for the effects of anticipation on the amygdala [57]. In contrast, Linnman and

colleagues [58], showed an increase in amygdala activity in PTSD compared with



trauma control, to pain induction by electric shocks during a fear conditioning

paradigm. In an attempt to control for anticipatory effects, they focused on the shock

onset, as it coincided with the cue offset, thus, comparing the interval between trials.

Nevertheless, in such a design, the brief shocks (0.5 s) account for a very small

percentage of the recording time (TR = 3 s). Thus, the analyses focused mostly on

blank screens, which can include unrelated noise as during resting-state scans [59].

These contradictory results could be due to three main factors: pain type (heat

vs. shock), paradigm (block-design vs. event-related fear conditioning paradigm),

and recording window (few long continuous trials vs. many short windows). In our

study, we focused on the entire period of the cue and the pain (CS+US). This window

enabled us to distinguish between amygdala response to stress (anticipatory adverse

event) [60] and the additive value of pain [61] without introducing the noise

associated with blank screens. We also used a recording sequence of TR = 1 s, which

allowed better temporal resolution compared to previous studies. As recent work

showing the difficulty to replicate results in fMRI studies, even when using the same

exact dataset [62], our ability to replicate the results using an independent data set

from a different group using an analogous paradigm [27] further strengthens the

finding that PTSD patients have a diminished response in the amygdala to mild pain

[18].

The most probable mechanism at the core of the relation between SIA and EN is

μ-opioid receptor inhibition of the amygdala. During stress, the body secretes

endorphins (endo-opioids) that reduce the sensation of pain, so the organism can

better cope with a potential threat [63]. Both pain and affect trigger the release of



endorphins in the amygdala [64,65], which in turn, mediates the antinociceptive

response [64]. Thus, higher endorphin-mediated inhibition of the amygdala response

to mild stimuli propagates a lower amygdala response. In turn, a lower amygdala

response fails to trigger an “appropriate” emotional response. This inhibition of pain

and affect is supposed to help the organism cope with an immediate threat. However,

in PTSD, where trauma reminders are constant, such lower emotional tone might

cause EN. Alterations in the opioid system in individuals diagnosed with PTSD provide

further support for this suggested theory. Indeed, PTSD was previously associated

with both at-rest lower plasma-endorphin tone [66] and a steep incline in endorphins

following stress [67]. Moreover, compared with trauma controls, individuals with

PTSD show a higher binding potential of μ-opioid receptors in the amygdala [68].

These results explain how Naloxone, a μ-opioid antagonist, can block the effect of SIA

[20,69]. This pathophysiological mechanism might be at the core of many symptoms

and deficiencies related to PTSD, such as impaired emotion regulation [70]. For

example, by not initiating an appropriate emotional response to a stimulus in time,

the individual might be less able to engage in effective emotion regulation strategies

[71].

While our results are robust, several limitations should be noted. First, both

samples included only veterans and were mainly males (Study 1: 90.1%; Study 2:

100%), which suggests a relatively heterogeneous trauma type. Thus, we are limited

in our ability to generalize our findings to other trauma types or females. Hence,

future research should try and look at different trauma type and sex differences.

Second, our cross-sectional design cannot assess stability over time or directionality



of the pain-EN relation. Future longitudinal studies may shed light on the causality of

this relation. Finally, as our aim was only to look at the amygdala response to mild

(sub-threshold) pain, we did not directly test pain thresholds or tolerance.

In conclusion, decreased amygdala activation to pain is linked to difficulty

experiencing emotions (i.e., EN) in two independent samples of combat-exposed

veterans. These findings further advance our understanding of the neural

mechanisms underlying pain perception in PTSD and their relationship to an

extensive literature investigating EN in PTSD. Future work is needed to test the

hypothesis that opioid receptor inhibition of the amygdala contributes to the

relationship between pain suppression and EN in PTSD.

Clinical implications stem from this research suggest that psychological treatment

should aim at assisting PTSD patients to be more mindful of their feeling, especially in

stressful situations, and then be able to react to painful/emotional stimuli earlier and

thus be more effective.
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