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Abstract: Despite the crucial role of effective and sustained extinction of conditioned pain-re
lated fear in cognitive-behavioral treatment approaches for chronic pain, experimental research 
on extinction memory retrieval in chronic pain remains scarce. In healthy populations, extinction 
efficacy of fear memory is affected by stress. Therefore, we investigated the effects of oral hy
drocortisone administration on the reinstatement of pain-related associations in 57 patients with 
non-specific chronic back pain (CBP) and 59 healthy control (HC) participants in a differential pain- 
related conditioning paradigm within a placebo-controlled, randomized, and double-blind design. 
Participants’ skin conductance responses indicate hydrocortisone-induced reinstatement effects 
in HCs but no observable reinstatement in HCs receiving placebo treatment. Interestingly, these 
effects were reversed in patients with CBP, that is, reinstatement responses were only observed 
in the placebo and not in the hydrocortisone group. Our findings corroborate previous evidence 
of stress-induced effects on extinction efficacy and reinstatement of fear memory in HCs, ex
tending them into the pain context, and call for more research to clarify the role of stress in fear 
extinction and return of fear phenomena possibly contributing to treatment failure in chronic 
pain treatment.  
Perspective: Opposing effects in HCs and patients with non-specific CBP may be associated with 
changes in the patients’ stress systems. These findings could be of relevance to optimizing psycho
logical, extinction-based treatment approaches.  
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C onceptual models of chronic pain propose that 
pain-related learning and memory processes play 
a key role in the development and maintenance 

of persistent pain.1 These assumptions are supported by 

evidence that threat and safety learning is altered in 
various chronic pain conditions.2–10 While the adaptive 
acquisition of pain-related fear based on CS-US associa
tions (CS: conditioned stimulus, US: unconditioned 
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stimulus) is the basis for successful avoidance of painful 
experiences, achieving efficient and long-lasting extinc
tion of pain-related fear constitutes a crucial element of 
therapeutic approaches11,12 for preventing pain chron
ification. However, only few studies have examined me
chanisms relevant to impaired extinction efficacy, such as 
reinstatement of previously extinguished pain-related 
conditioned responses as a risk for relapse phenomena in 
patients with chronic pain, and the few existing reports 
in healthy volunteers yielded mixed results.13,4,14-16 

Stress is known to affect learning and memory pro
cesses,17–22 but the underlying mechanisms in chronic 
pain, especially on extinction memories (eg, retrieval 
and reinstatement), are still unclear. Chronic pain and 
stress are intricately linked to both the behavioral and 
neural levels.23,24 Here, a dysregulation of the hy
pothalamus-pituitary-adrenal (HPA) axis25,26 and al
tered corticolimbic brain functions and connectivity 
were reported in patients with chronic pain.27 Further
more, stress, especially in the context of exposure 
therapy (or multimodal treatment programs involving 
re-exposure to physical activity and specific movements) 
could lead to a stronger relapse of fear memories. Al
though evidence for the fundamental role of (altered) 
stress systems in the development of chronic pain is 
accumulating, our understanding of the complex re
lationship between stress, chronic pain, and fear 
learning is still rudimentary.26,28 

We have performed a comprehensive study to in
vestigate aspects of fear learning and extinction in a 
large sample of patients with non-specific chronic back 
pain (CBP) as compared to healthy control (HC) partici
pants. Results of day 1 on the acquisition and extinction 
of conditioned fear responses are published in Schlitt 
et al,9 supporting impaired differential learning in pa
tients with CBP versus HCs at the behavioral level. The 
present study now aims to elucidate the effects of hy
drocortisone (20 mg, administration ∼30 minutes prior 
to a retrieval test) on previously formed fear and ex
tinction memory traces and the reinstatement of fear 
memory 24 hours later. We hypothesized that hydro
cortisone administration impairs extinction efficacy and 
therefore leads to a stronger reinstatement effect (ie, 
mimicking relapse). While expecting enhanced re
instatement in patients with CBP compared to HCs in 
general (ie, in the placebo conditions), we additionally 
aimed to explore the role of cortisol effects on re
instatement in patients with CBP compared to HCs.25,29 

The study focuses on skin conductance responses (SCRs), 
which is a sensitive and established indicator of re
instatement effects,30 further capitalizing on the ad
vantage of no evidence of prior group differences for 
this psychophysiological outcome measure during ac
quisition and extinction training.9 

Methods 
A two-day differential conditioning paradigm was im

plemented in this study. The first day included preparatory 
steps (ie, a calibration procedure and the completion of 
self-report questionnaires) as well as acquisition and 

extinction training phases (see Differential Conditioning 
Paradigm). A detailed description of the results from day 1 
was reported in Schlitt et al.9 These comprise information 
on demographics and questionnaires, experimental proce
dures including heat pain calibration, ratings on arousal 
and pain-related fear, and details on the experimental 
paradigm. Herein, we focus on day 2, on which the effects 
of hydrocortisone administration on previously formed fear 
and extinction memory traces, as well as the reinstatement 
of fear memory were tested. Participants were pseudo- 
randomly allocated with respect to sex and experimental 
group to either receive oral hydrocortisone or placebo in a 
double-blind fashion (between-group design, for detailed 
information, see Treatment). Thirty minutes after tablet 
administration, experimental procedures were accom
plished in a paradigm including a retrieval test, reinstate
ment procedure, and a reinstatement test (see Fig 1A). 

The study was approved by the local Ethics Committee 
of the Medical Faculty of the University of Duisburg- 
Essen (protocol number 16-7248-BO). All participants 
gave informed written consent to participate and were 
free to withdraw from the study at any time. All parti
cipants received a small remuneration for study parti
cipation. The study was not pre-registered. 

Participants 
Sample sizes for the study were calculated for study 

day 1 based on previous studies examining acquisition 
and extinction learning6,8 using the pwr package in R,31 

which functions are based on the book ‘Statistical 
Power Analysis for the Behavioral Sciences’ of Jacob 
Cohen (1988).32 Here, estimations using parameters 
d = .5, α = .05 and 1-β = .80 resulted in a minimum 
sample size of n = 63 volunteers per group to detect 
significant group differences. Power analyses were not 
performed for the present analysis (ie, study day 2). 

67 patients with non-specific chronic back pain (CBP) and 
74 healthy volunteers (HCs) were included in the study. 
Participants were recruited via the local Back Pain Center of 
the University Medicine Essen (Head of Unit: UB), local 
media advertisements, and the local database of our re
search group. The following general inclusion criteria ap
plied to both groups: age > 18 and < 80 years, normal or 
corrected-to-normal vision, no acute infection, no partici
pation in trials using medicinal products within the last 3 
months, and no consumption of alcohol within the past 
24 hours (assessed through self-report). The eligibility of 
patients interested in study participation was confirmed by 
trained study personnel via telephone screening. Further, 
physicians specialized in pain medicine (UB and JKB) per
formed on-site screenings of eligible patients via medical 
history and clinical examination. 

The patient group consisted of individuals with non- 
specific CBP (ie, absence of specific spinal pathologies, 
nerve root, post-surgical or post-traumatic pain). In ac
cordance with the European guidelines, CBP was de
fined as recurring or persistent pain present for more 
than 12 weeks.33 Further exclusion criteria were a his
tory of malignant diseases within the past 5 years (eg, 
tumor diseases, cancer), severe mental disorders (eg, 
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schizophrenia, psychoses, personality or addictive dis
orders), and opioid treatment > 100 mg morphine 
equivalent per day. Any other treatment had to be kept 
stable in the period of 3 weeks before study participa
tion. Exclusion criteria for HCs comprised current or past 
internal, neurological, mental, pain-related, or dermatolo
gical diseases or other visible signs of acute dermatological 
abnormalities, cancer, regular consumption of recreational 
drugs, or intake of pain medication within the past 
24 hours, all based on self-report. HCs with clinically re
levant levels of anxiety or depression according to the 
Depression Anxiety Stress Scales34 were excluded from final 
data analyses (cut-off values: anxiety = 6, stress = 10, de
pression = 10). In total, data of 10 patients and 18 HCs had 
to be discarded for final data analysis (for details see  
Supplementary Material—Supplementary Methods: Ex
cluded participants). 

Experimental Paradigm and Procedures 
Differential Conditioning Paradigm 

We used an established differential conditioning para
digm16 comprising 6 experimental phases, that is, 

habituation phase, acquisition training, and extinction 
training on day 1 as well as a retrieval test, reinstatement 
procedure, and reinstatement test on day 2 (Fig 1A). On 
day 1, during acquisition training, 2 geometrical figures 
served as cues for the delivery (conditioned stimulus, CS+, 
75% reinforcement rate) or omission (CS-) of a painful heat 
stimulus at the volar forearm (unconditioned stimulus, US) 
delivered using a thermode. During subsequent extinction 
training, the CS was presented without a US application. 

On day 2, 30 minutes after tablet administration, 
participants were instructed before the retrieval test 
that the subsequent task would be comparable to the 
task they had performed on day 1. To assess reinstate
ment effects, participants were then confronted with 
unannounced US as reinstatement procedure30,35 fol
lowed by CS-only presentations during the reinstate
ment test (see Fig 1A). 

Physiological responses to CS and US were acquired 
using continuous skin conductance recordings. 
Behavioral responses were assessed by CS valence and 
US pain intensity ratings (see Outcome measures). 

Retrieval Test. During the retrieval test, 6 CS (3 CS+, 3 CS-; 
duration: 9 seconds each), but no US were presented. 

Figure 1. (A)The conditioning paradigm comprised 6 experimental phases. Day 1 comprised acquisition training (16 CS+/CS-, 12 US, 
75% reinforcement rate) and extinction training (12 CS+/CS-). Day 2 comprised a randomization phase (double-blind administration 
of either 20 mg hydrocortisone (hydrocort) or an inactive placebo ∼24 h after day 1) administered 30 min prior to retrieval test (3 
CS+/CS-; valence ratings after the 1st and 3rd CS presentation of each CS type), reinstatement procedure (3 US only; pain intensity 
ratings after each US), and reinstatement test (6 CS+/CS-; valence ratings after the 1st, 3rd, and 5th CS presentation of each CS type) 
to test extinction retrieval on day 2. (B) Mean salivary cortisol concentrations  ±  SEM (standard error of the mean) of healthy 
participants (HC, circles) and patients with chronic back pain (CBP, triangles) that either received hydrocortisone (black) or placebo 
treatment (white) on day 2. Saliva samples were collected pre-treatment, ∼30 min post-treatment and ∼45 min post-treatment 
(post-experiment). CS, conditioned stimulus (ie, geometrical figures); US, unconditioned stimulus (ie, heat stimulus); R, randomi
zation; Placebo, placebo treatment; Hydrocort, hydrocortisone treatment; mg, milligrams; h, hours; min, minutes; nmol, nanomol 
(10−9 mol); l, liter. 
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Following the first and the third CS presentation, partici
pants provided a valence rating (see Supplementary 
Material—Supplementary Methods: Valence as an ddi
tional outcome measure for details). 

Reinstatement procedure. During subsequent reinstate
ment procedure, participants received 3 unannounced US 
for 2.5 seconds each without subsequent CS presentation, 
followed by pain intensity ratings after each US in order to 
ensure comparable pain perception between groups. 
Temperature levels were set based on the calibration 
temperatures from day 1. 

Reinstatement Test. Immediately following the re
instatement procedure, 12 CS (6 CS+, 6 CS-; duration: 
9 seconds each), but no US were presented. Valence 
ratings were obtained after the first, third, and fifth CS 
presentation of each CS type. 

As on day 1, CS types were presented in a pseudo- 
randomized order with no more than 2 trials of the 
same CS presented consecutively within all experi
mental phases. The inter-trial-interval (ITI) between all 
trials was jittered between 6 and 11 seconds. 

Stimuli 
The software Presentation (Version 18.0, 

Neurobehavioral Systems, Inc, Berkeley, CA, https://www. 
neurobs.com) was used to present visual and thermal sti
muli as well as a visual analog scale (VAS) to record beha
vioral data. Geometrical figures with softened edges (color: 
RBG code 142, 180, 227) served as CS. The figures were 
superimposed on a black background (rectangle: visual 
angle 8.3° × 3.14°, square: visual angle 4.99° × 4.99°, 
rhombus: visual angle 7.38° × 5.36°) and were presented on 
a computer screen positioned in front of the participant. 
Heat pain stimuli (ie, US) were administered using a 
thermal device (PATHWAY system, model CHEPS, 27 mm 
diameter; Medoc, Israel) attached to the left volar forearm 
with elastic tape. The baseline temperature was set to 
35 °C. Rates for heating and cooling were set to maximum 
(70 °C/second and 40 °C/second, respectively). The total sti
mulation time was 2.5 seconds on each trial. Pain intensity 
was calibrated as 70 on a 0 to 100 VAS (“How painful was 
this stimulus?”, verbal anchors: 0 = “not painful at all” and 
100 = “unbearably painful”). Please note that all rating 
scales were presented as visual (ie, non-numeric) scales to 
the participants with visible verbal anchors only. For ana
lysis purposes only, we internally converted the ratings to 
values between 0 and 100 or –50 to 50, respectively. 

Treatment 
Participants received either 2 10 mg tablets of hydro

cortisone (JENAPHARM, MIBE Arzneimittel GmbH, Brehna, 
Germany) or placebo (P-Tablets, 7 mm Lichtenstein, 
Winthrop Arzneimittel GmbH, Frankfurt/Main, Germany) 
30 minutes prior to the experiment on day 2. Tablets were 
administered in capsules of identical shapes. Participants 
were pseudo-randomly assigned to hydrocortisone or pla
cebo groups by a predetermined 1:1 balanced randomiza
tion list (https://www.random.org/). 

Saliva Sampling and Cortisol Analysis 
To assess free salivary cortisol levels, saliva samples were 

collected using commercial sampling devices (Salivette 
Cortisol, Sarstedt, Nümbrecht, Germany). Three samples 
were collected on day 2: 1) prior to tablet administration, 2) 
30 minutes post-treatment, and 3) immediately after the 
conditioning task (ie, 45 minutes post-treatment). Samples 
were first stored at 5 °C for up to 7 days before they were 
centrifuged and kept at −20 °C until biochemical analysis. 
Please note that cortisol analyses are based on data of 
n = 57 patients with CBP and n = 55 HCs since data of n = 1 
additional HC was missing due to sample loss. Salivary 
cortisol concentrations were analyzed by enzyme-linked 
immunosorbent assay (Cortisol Saliva ELISA, IBL 
International, Hamburg, Germany) according to the man
ufacturer’s instructions. Cross-reactivity of the anti-cortisol 
antibody with other relevant steroids was 8.5% (11-deox
ycortisol), 2.6% (cortisone), 1.0% (corticosterone), and 
< .1% (estrone, estradiol, estriol, progesterone, testos
terone). Inter- and intra-assay coefficients of variation were 
< 10%. All samples of an individual participant were ana
lyzed in the same run. 

Outcome Measures 
We assessed emotional arousal through sympathetic 

nervous system activation in the presence of affective or 
salient stimuli36,37 by continously recording skin con
ductance responses (SCRs). SCRs were recorded across all 
experimental phases using a BIOPAC MP150 device 
(BIOPAC Systems, Inc., Goleta, CA) with AcqKnowledge 
5.0.2 software. A conductive electrode cream (SYNAPSE; 
Kustomer Kinetics) and 2 single-use, radio translucent, 
dry electrodes (EL509; BIOPAC Systems, Inc, Goleta, CA) 
were applied to the thenar and hypothenar eminences 
of the participants’ non-dominant (left) hand. Data was 
sampled at 2 kHz and saved as text files for offline 
analyses. External triggers were recorded to capture the 
exact timing of events (CS and US). 

SCRs can be partitioned in different time windows, 
reflecting different learning processes.38,39 While the 
first interval response (FIR), ie, early conditioned SCR, 
reflects orienting behavior to novel stimuli and usually 
habituates over time, the second interval response (SIR), 
ie, late conditioned SCR (see below for timing), has been 
linked to emotional reactions to the CS when the US is 
expected to follow.40,41 Since orienting behavior to 
novel stimuli is more relevant to the first part of the 
experimental paradigm, the SIR is more suitable to 
quantify changes during both fear acquisition and ex
tinction learning.39 Therefore, we herein focus on late 
conditioned SCRs, and all findings on SCRs reported in 
the results and discussion sections refer to the SIR. Re
sults of the analyses of the FIR are provided in the  
Supplementary Material. 

Psychological and Self-Report 
Questionnaires 

To explore potential moderation by psychological trait 
or state variables as well as maladaptive pain-related 
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cognitive processes of pain-related learning,42 all partici
pants completed German versions of the following ques
tionnaires: 1) State-Trait-Anxiety-Depression-Inventory43; 2) 
Depression Anxiety Stress Scales34; 3) Center for Epide
miological Studies-Depression Scale: ADS-K44; 4) Pain Cat
astrophizing Scale: PCS45; 5) Pain Anxiety Symptom Scale: 
PASS-D46; 6) Trier Inventory of Chronic Stress: TICS47; 7) 
Questionnaire for Experiences of Attention Deficits48; 8) 
Perceived Stress Questionnaire: PSQ20.49 Analyses of all 
questionnaires were accomplished according to their re
spective manuals. 

Statistical Analyses 
For all statistical analyses and processing steps, we 

used the software R (version 1.4.1103).50 Linear mixed 
model (LMM) analyses were conducted on behavioral 
and physiological data acquired during the retrieval and 
reinstatement test. More specifically, we investigated 
changes in SCRs and CS valence ratings (for the latter, 
please see Supplementary Material—Supplementary 
Methods: Statistical analyses of valence ratings) com
paring the end of the extinction training to the begin
ning of the retrieval test and the end of the retrieval 
test to the beginning of the reinstatement test, re
spectively. Overall, we focused on differential learning, 
that is, changes in differential SCR amplitudes (ΔSCRs = 
SCR amplitudes CS+ - SCR amplitudes CS-) and differ
ential valence ratings (= valence CS+ - valence CS-). We 
examined the main effects and interactions for the 
factors time, group (ie, CBP vs HCs), and treatment (ie, 
hydrocort vs placebo). All variables were assessed using 
LMMs and analyses of variance as implemented in the R 
package lme4.51 Partial eta-square ( p

2) are reported as 
effect sizes. Following significant LMM results, we per
formed Bonferroni-Holm adjusted post-hoc tests and 
calculated Cohen's d as effect size. 

Skin Conductance Responses 
In the first processing step, data were down-sampled 

to 20 Hz and smoothed using a low-pass filter with a 
cut-off frequency of 2 Hz. After automatic detection of 
local minima and maxima in the skin conductance trace, 
the local minimum at the onset of the first SCR fol
lowing stimulus onset was subtracted from the sub
sequent peak52 to calculate the amplitude of stimulus- 
related SCRs. 

Conditioned responses (CRs) to the CS were analyzed 
within time windows of 1 to 5 seconds (FIR) and 5 to 
9.5 seconds after CS onset (SIR).38,39 To investigate un
conditioned responses (URs) to the US, the time 
window was set to .5 to 7 seconds after US onset. The 
minimum amplitude criterion was set to .01 μS and re
sponses below were scored as 0 µS. 

To reduce the skewness of the SCR amplitude distribu
tion and attain a normal distribution,53 data transforma
tion was performed using the natural logarithm. Trials in 
which participants provided valence ratings were excluded 
to avoid contamination of CS-related SCRs with movement- 
induced signal changes. Testing for reinstatement effects, 
models on SCR analysis included the second trials of the 

retrieval and reinstatement test, respectively. A search for 
SCR outlier responses (defined as SCRs deviating more than 
3 standard deviations (SDs) from the individual mean) re
vealed that none of the responses met this criterion. 

Model calculation. We included the factors time, 
group, and treatment and the interactions of these 
factors as fixed effects into the models. Further, we 
tested whether a random intercept for each participant 
and allowing variation for the factors time, group, 
treatment, and participants by adding random slopes 
for these factors, improved model fit. The LMMs in
cluding random slopes for each participant best pre
dicted the data for analyzing differential reinstatement 
effects in CS-related SCRs. Further, US-related SCRs were 
analyzed including random slopes for each participant. 
Here, model calculation including random slopes for the 
factors time, group, and/or treatment was not possible 
due to an insufficient number of observations. 

Modulatory Influence of Maladaptive 
Cognitions and Disease-related Variables 
on Extinction Efficacy of Conditioned 
Responses 

For patients with CBP, we were interested in ex
ploring whether disease-related variables and mala
daptive cognitions influence extinction efficacy. Thus, 
we performed exploratory analyses including person- 
and pain-related variables as covariates to test whether 
these variables differentially modulated extinction ef
ficacy in either group. 

Please note that detailed statistics are only presented 
for statistically significant results of the SCRs in the main 
text. Results of the analysis of the valence ratings as well 
as other non-significant and additional supplementary 
results are listed in the Supplementary Tables and  
Supplementary Fig sections (see Supplementary Tables 
1–12 and Supplementary Fig. 1–6). 

Results 

Participant Characteristics 
Demographic information and pain-related patient 

characteristics of the final sample are presented in Table 1. 

Pain-related Variables and Self-Report 
Measures 

All psychological state and trait variables as well as 
pain-related cognitive variables differed significantly 
between HCs and patients with CBP. However, most 
patients with CBP showed values in a normal range in all 
assessed variables, although results were more pro
nounced with respect to the psychological constructs (eg, 
anxiety). Mean pain intensity ratings that were acquired 
during reinstatement were comparable (ie, moderate to 
high) in both groups and treatment conditions (M ± SD: 
HCsplacebo: 69.15  ±  11.16; HCshydro: 65.86  ±  13.55; 
CBPplacebo: 67.59  ±  12.08; CBPhydro: 69.40  ±  14.64, 0–100 
VAS). Data of pain-related variables and self-report 
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questionnaire measures as well as statistical results can 
be found in Supplementary Table 1. 

Salivary Cortisol Concentrations 
As a manipulation check, salivary cortisol concentra

tions assessed prior to and post-treatment as well as 
after the experiment were analyzed for each treatment 
condition and group (see Fig 1B). As expected, within 
both HCs and patients with CBP the change in cortisol 
concentrations of the placebo and hydrocortisone 
treatment groups differed significantly from each other 
comparing pre- and post-treatment (∼30 minutes in 
between; interaction (IA) time × treatment: F 
(1,112) = 13.24, P  <  .001, η2 = .11). In detail, significant 
effects for the factor time indicated that cortisol con
centrations of the hydrocortisone group increased (t 
(60) = 2.39, P  <  .001, d = .62), while cortisol concentra
tions in the placebo group decreased over time (t 
(52) = −2.73, P  <  .001, d = −.76; see Supplementary Fig 
1). Additionally, these findings were also true, and 
further, even more pronounced, when comparing the 
participants’ cortisol levels pre-treatment and post-ex
periment (∼45 minutes in between; interaction (IA) time 

× treatment: F(1,112)= 24.79, P  <  .001, η2 = .18; hydro
cort: t(60) = 2.81, P  <  .001, d = .73; placebo: t 
(52) = −5.07, P  <  .001, d = −1.41). There was no sig
nificant main effect and no interaction with the factor 
group, indicating no significant differences in cortisol 
concentration changes between HCs and patients with 
CBP (see Supplementary Table 12). 

Pain Intensity Ratings and US-related 
Responses During Reinstatement 
Procedure 

To ensure adequate and comparable pain perception 
during unannounced US exposure in the reinstatement 
procedure, mean pain intensity ratings and mean US- 
related SCRs of both patients with CBP and HCs as well 
as the different treatment conditions were compared 
between groups. There was no significant interaction 
for the factors group and treatment neither in mean 
pain intensity ratings nor in mean US-induced SCRs, in
dicating that both mean pain intensity ratings and US- 
induced SCR amplitudes were comparable between 
groups and treatments, that is, no effect of cortisol level 
on pain perception (see Supplementary Tables 1 and 

Table 1. Demographic Information of Patients With CBP and HCs and Pain-Related Characteristics 
of the Patient Sample        

CBP (N = 57) HCS (N = 56) 

TREATMENT PLACEBO HYDROCORT PLACEBO HYDROCORT  

n (%) 28 (49.1) 29 (50.9) 23 (41.1) 33 (58.9) 
Demographic data     

Age in years, M  ±  SD [Range] 31.0  ±  10.7 
[19–66] 

36.9  ±  15.2 
[20–69] 

36.3  ±  13.8 
[19–70] 

32.8  ±  10.3 
[19–68] 

Gender     
Women/men, n (%) 20/8 

(71.4/28.6) 
21/8 
(72.4/27.6) 

14/9 
(60.9/39.1) 

21/12 
(63.6/36.4) 

Pain-related data, M  ±  SD [Range]     
Pain duration in years 8.82  ±  8.30 

[1–38] 
9.6  ±  7.8 
[1–34] 

– – 

Mean back pain intensity (last 4 weeks), 1–10 NRS 5.0  ±  1.7 
[2–8] 

4.9  ±  1.5 
[2–8] 

– – 

Max. back pain intensity (last 4 weeks), 1–10 NRS 7.7  ±  1.1 
[6–10] 

7.2  ±  1.2 
[5–9] 

– – 

Current back pain intensity on day, 1–10 NRS 3.6  ±  2.1 
[0–7] 

3.0  ±  1.9 
[0–8] 

– – 

Pain severity*, n (%)     
Grade I (low pain intensity and disability) 9 (32.1) 12 (41.4) – – 
Grade II (high pain intensity, low disability) 13 (46.4) 12 (41.4) – – 
Grade III (high pain intensity and disability, moderately limiting) 4 (14.3) 4 (13.8) – – 
Grade IV (high pain intensity and disability, severely limiting) 2 (7.1) 1 (3.5) – – 

Type of medication, n (%)     
Antidepressants 1 (3.6) 1 (3.56) – – 
Non-opioid analgesics 1 (3.6) – 1 (3.9)† – 
Pregabalin 1 (3.6) – - – 
Others‡ 4 (14.3) 4 (13.8) 3 (11.5) 7 (21.2) 

Abbreviations: CBP, patients with chronic back pain; HCs, healthy control participants; Hydrocort, hydrocortisone; NRS, numeric rating scale. 
*Pain grading according to Von Korff et al, 1992. 
†Daily dose: ASS 100 mg. 
‡Other medication includes non-steroidal anti-inflammatory drugs (NSAID), antipsychotics, antihistamines, anti-diabetic medication, levothyroxine, HIV medication, 
asthma medication, bronchodilators, statins, COX-2 inhibitors, proton-pump inhibitors, angiotensin-converting-enzyme (ACE) inhibitors, beta-blockers, angiotensin- 
II-type-1 (AT1) receptor antagonists, and calcium channel blockers. None of the patients took benzodiazepines, NSAID, or opioids (< 100 mg morphine equivalent/ 
day according to our inclusion criteria).  
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11). However, a significant main effect of time (F 
(1108.27) = 51.62, P  <  .001, p

2 = .34) indicated that 
across groups and treatments, US-induced SCR ampli
tudes significantly habituated during the reinstatement 
procedure (see Supplementary Table 11) as depicted in  
Supplementary Fig 2. 

Reinstatement Test 
To examine the return of fear following unannounced 

US presentations, SCRs obtained during the retrieval test 
were compared to those obtained during the reinstate
ment test. Changes in ΔSCRs significantly differed be
tween placebo and hydrocortisone treatment groups 
(Fig 2). Critically, this effect showed opposite patterns in 
HCs and patients with CBP as indicated by an interaction 
of the factors (IA time × group × treatment [F(1,118) 
= 10.94, P = .001, η2 = .08]. In HCs this time × treatment IA 
[F(1,37.56) = 4.37, P = .04, η2 = .10] revealed an increased 
differential reinstatement for the hydrocortisone treat
ment compared to the placebo group (t(37.56) = 2.09, 
P = .04, d = .68). In the patients, however, the time 
× treatment IA [F(1,57) = 6.75, P = .01, η2 = .11] showed a 
decreased differential reinstatement for the hydro
cortisone treatment compared to the placebo group (t 
(57) = −2.59, P = .01, d = −.69). In other words, in the pla
cebo groups, ΔSCRs significantly increased from the recall 
to the reinstatement test in the patient group (t 
(30) = 2.49, P = .01, d = .91), whereas HCs showed no sig
nificant changes in ΔSCRs (t(28) = −.81, P = .42, d = −.31). In 
the hydrocortisone treatment groups, ΔSCRs significantly 
increased in HCs (t(19.61) = 3.10, P = .002, d = 1.40), but not 
in patients (t(27) = −1.08, P = .28, d = −.41). Thus, cortisol 
induced a return of fear in HCs only. No further significant 
main effects or interactions were observed for SCRs of 
both groups (see Supplementary Table 7). 

Questionnaire measures related to distress and pain 
did not improve model fit and revealed no significant 
effects when tested as potential covariates. 

Discussion 
To date experimental research on extinction memory 

retrieval in chronic pain is scarce although effective and 
sustained extinction of conditioned pain-related fear is 
of high relevance for cognitive-behavioral treatment 
approaches in chronic pain. Stress mediators of the HPA 
axis, including the stress hormone cortisol, likely play a 
role in the pathophysiology and persistence of chronic 
pain and may hamper extinction memory retrieval.26 

However, the effects of increased cortisol concentra
tions on the return of pain-related fear after extinction 
have never been tested in patients with chronic pain. 
We herein report on a randomized, double-blind, pla
cebo-controlled study designed to test the effects of 
oral hydrocortisone (20 mg) versus placebo administra
tion on the return of fear in patients with non-specific 
chronic back pain (CBP) and healthy volunteers (healthy 
controls, HCs). Changes in differential skin conductance 
responses (SCRs) to conditioned stimuli (CS) were ana
lyzed comparing extinction retrieval to reinstatement. 

Given first evidence suggesting greater reinstatement 
of differential neural responses in patients with irritable 
bowel syndrome (IBS) compared to HCs,4 we hypothesized 
that the unexpected experience of pain (ie, reinstatement) 
should result in larger differential SCRs in placebo-treated 
patients with CBP compared to HCs during the reinstate
ment test when compared to the retrieval test. Indeed, the 
analysis of the placebo groups revealed a return of pre
viously extinguished differential SCRs only in the patients, 
but not in HCs. These findings support greater reinstate
ment effects of conditioned pain-related fear responses in 
patients with non-specific CBP, in line with our hypothesis. 
This evidence of impaired extinction memory retrieval in 
CBP corroborates the results of the only other pain-related 
conditioning study that tested for reinstatement effects in 
chronic pain (IBS),4 and expands evidence of altered fear 
extinction learning in various chronic pain conditions, in
cluding CBP10 and IBS,4,54 despite some contradictory evi
dence.3,5 These findings are complemented by data 
supporting altered fear generalization, thus far shown in 
patients with fibromyalgia7,8 and chronic hand pain.6 To
gether, these converging findings support the role of ex
tinction deficits across chronic pain conditions, supporting 
efforts to elucidate mediators and moderators, including 
the role of stress that could increase or decrease relapse 
phenomena after (initially) successful extinction training. 
Indeed, looking beyond mere extinction training is im
portant, and well-established in the broader field of fear 
conditioning accomplished in the context of stress- and 

Figure 2. Differential late conditioned skin conductance re
sponses (second interval responses, SIRs) as mean amplitudes  
±  standard error of the mean (SEM) for the Retrieval and 
Reinstatement test in healthy control participants (HCs, circles) 
and patients with chronic back pain (CBP, triangles) that either 
received hydrocortisone (black) or placebo (white). Dashed 
lines indicate reinstatement, that is, unannounced uncondi
tioned stimulus (US) presentations. 
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anxiety-related conditions like phobias and post-traumatic 
stress disorders.55,56 The body of research supports the 
notion that a return of fear after successful extinction 
training can be induced by unexpected re-exposure to the 
US (ie, reinstatement).57 

From a clinical perspective, impaired extinction effi
cacy that results in a higher vulnerability to the return 
of fear is critically relevant. In the context of pain, the 
role of pain-related fear as a key driver of maladaptive 
avoidance behavior is conceptually embedded within 
the fear-avoidance model.1 Indeed, the vicious feedback 
cycle of symptom perception, fear and stress responses, 
hypervigilance, and sensitization, plays a key role in the 
transition from acute to chronic pain and ultimately 
increases the risk for relapse and treatment failure.58 

Based on our findings that only patients with CBP but 
not HCs showed a reinstatement of conditioned re
sponses, we propose that patients have a greater vul
nerability for the return of fear phenomena, possibly 
given the typical waxing and waning of symptoms, 
especially prior experiences of sudden symptom wor
sening without obvious triggers or predictors (which is 
realized in reinstatement). A lack of reinstatement ef
fects in placebo-treated healthy controls has been re
ported in experimental conditioning studies.30,4,14,59 

This may be due to small effects and/or large inter
individual variability, especially in healthy individuals 
without vulnerability factors, the experimental para
digms, and/or a limited ecological validity for the 
healthy participants. These results embrace the idea 
that psychological and/or symptom-related vulnerability 
factors shape the return of fear and underscore the 
need for mechanistic studies in patient cohorts. 

Although stress plays a broad role in the pathophy
siology of chronic pain and is an important component of 
the fear-avoidance model, the effects of acute stress or 
stress mediators on extinction efficacy have never been 
experimentally tested in the context of pain. Oral admin
istration of hydrocortisone constitutes an established psy
chopharmacological approach allowing to test the effects 
of elevated cortisol levels on different facets of the re
sponse to acute pain, including pain-related fear con
ditioning. While it has previously been applied to assess 
effects on differential pain-related fear acquisition in 
healthy individuals,60 this study now tests cortisol effects on 
extinction efficacy in the field of pain. Herein, hydro
cortisone administration successfully increased salivary cor
tisol concentrations in both patients with CBP and HCs, 
without evidence of group differences in the cortisol re
sponse. Compared to placebo, HCs in the hydrocortisone 
group showed reinstatement, indicating that acutely in
creased cortisol enhances the return of pain-related fear in 
healthy participants. This finding is consistent with pre
viously reported stress-induced effects on extinction effi
cacy, i.e., the reinstatement of fear memory in healthy 
participants outside of the pain context.61-63 Findings are in 
accordance with the ‘STaR’ (‘Stress Timing affects Relapse’) 
model64 proposing timing-dependent effects of stress on 
extinction processes. 

In patients with CBP, we observed opposite cortisol ef
fects, which appeared to interfere with the reinstatement 

effect observed in the placebo-treated CBP group. When 
interpreting this finding and its possible clinical implica
tions, it is important to consider that response changes 
induced by acutely elevated cortisol concentrations in 
healthy individuals constitute an evolutionary-driven, 
adaptive response that is fundamental to behavioral flex
ibility in the face of acute threats to homeostasis.65 Indeed, 
adaptive defensive behaviors, including avoidance driven 
by pain-related fear, are normally selectively scaled and 
dynamically changed based on the degree or imminence of 
danger. Stress-induced cortisol increases conceivably impact 
on the assessment of the degree or imminence of danger, 
in line with the trans-diagnostic dimensional model of 
defensive behaviors66 and consistent with earlier data that 
hydrocortisone administration prior to fear acquisition 
training impacts on fear learning.60 

Importantly, the differential impact of hydrocortisone 
administration in patients with CBP was driven by al
tered safety learning rather than being attributable to a 
general reinstatement effect, which is in line with pre
vious observations in pain-related fear conditioning 
studies in chronic pain.4 Those deviations from adaptive 
differential responses, as observed in the patients with 
CBP, could reflect a stress-related impairment in me
chanisms underlying pain-related safety learning. This is 
relevant since adequate responses to safety signals 
constitute an important regulatory process in the con
text of fear responses,67 facilitating fear inhibition and 
safety-seeking, and clearly deserve further study. 

While more detailed implications need to be clarified 
in future studies, results may further be discussed in 
light of alterations in HPA axis activity observed in pa
tients with chronic pain.25,29 A potential disturbance of 
the glucocorticoid receptor function and its pathophy
siologic relevance has been reported for patients with 
fibromyalgia, chronic low back pain, depression, and 
post-traumatic stress disorder.68-72 The intricate and 
complex interactions of stress and chronic pain are well- 
known,26,29 and encompass multiple psychological and 
physiological response systems impacting on central and 
peripheral processes. The particular relevance of 
changes in the glucocorticoid system for the develop
ment and maintenance of chronic pain has recently 
been emphasized,25 further supported by recent ex
perimental evidence showing altered pain regulation in 
response to acute stress (ie, in a model of stress-induced 
analgesia).73 

As a limitation, we did not obtain contingency ratings 
after the retrieval or reinstatement test, which would 
have provided more information about conscious 
learning procedures on study day 2. Moreover, we did 
not assess acute stress ratings. Perceived stress as a result 
of the painful stimulation or the learning task could 
have influenced our results and should be assessed in 
future studies. Importantly, our data suggest that hy
drocortisone administration has no significant effect on 
pain perception as indicated by SCRs and US pain in
tensity ratings during reinstatement. This is in line with 
a recent report of unaltered heat pain thresholds fol
lowing treatment with comparable hydrocortisone do
sages in healthy participants.60 We therefore assume 
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that the observed differences are indeed related to 
aberrant extinction retrieval rather than a direct effect 
of cortisol on pain sensitivity and hence the reinstate
ment procedure. 

Contrary to the observations of day 1 showing be
haviorally impaired differential learning during acqui
sition training indexed by CS valence ratings for patients 
with CBP, SCR-related reinstatement effects on day 2 
were not paralleled by behavioral responses (see  
Supplementary Material for details). Other studies also 
show weak or no significant effects regarding the re
instatement of pain-related emotions assessed via CS 
valence.74,4,16 Alternative behavioral measures cap
turing other facets of learning or testing extinction 
memory could elucidate whether the observed results 
are indeed due to a failure to reinstate at the conscious 
(cognitive-affective) level, or merely could not be de
tected with the measure of valence. 

Conclusions 
Together, our data confirm previous postulations of 

the ‘STaR model’ in healthy individuals and expand 
those to the pain context. Pharmacologically-induced 
increase in systemic cortisol concentration resulted in 
the reinstatement of previously extinguished pain-re
lated responses in HCs, indicating impaired extinction 
retrieval. Patients with CBP that received a placebo 
were characterized by impaired extinction retrieval and 
enhanced return of fear induced by reinstatement, a 
response which was actually suppressed by hydro
cortisone treatment. This observation may be discussed 
with respect to elevated chronic stress levels and 
changes in the glucocorticoid system that were pre
viously reported for patients with chronic pain. 
Importantly, the influence of acute stress mediators in 
the context of pain treatment needs to be more fully 
understood. Treatment success could be optimized by 
considering the time-dependent impact of acute stress 
responses on different phases of therapeutic interven
tions, especially exposure therapy. 
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