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Abstract 1 

Maladaptive stress responses may exacerbate chronic widespread pain (CWP) and deserve further 2 

investigations. Yet, existing stress induction paradigms lack relevance for individuals with CWP. Patients often 3 

report intense stress in response to medical appointments due to the experience of stigma, distrust, and a lack 4 

of common understanding about their condition and level of disability. Hence, we developed the Social Benefits 5 

Stress Test (SBST), based on the Trier Social Stress Test, replacing the mock job interview, by a fake medical 6 

examination where the participant needed to justify their work incapacity.  7 

Forty women with CWP due to hypermobile Ehlers-Danlos syndrome or hypermobility spectrum disorders were 8 

included. They underwent a 30-minutes baseline, the SBST and a recovery period. The psychophysiological 9 

stress response was captured using self-reported stress ratings, continuous heart rate and electrodermal 10 

activity (EDA) monitoring, salivary cortisol and α-amylase levels.  11 

Compared to baseline, a significant increase in stress ratings was observed during the SBST, associated with 12 

a peak in salivary biomarkers. Heart rate variability analysis showed significant decreases in high frequency 13 

power (HF), increases in heart rate, low frequency power (LF) and in LF/HF ratio. EDA analysis revealed 14 

significant increases in skin conductance response (SCR). Subjective stress ratings correlated with 15 

physiological changes in α-amylase and LF/HF ratio. 16 

The SBST induced a reproducible stress response across subjective and physiological measures, validating 17 

this task as a relevant experimental model of social stress in chronic pain and a valuable tool for quantitative 18 

testing of clinically relevant stress responses in patients with persistent symptoms. 19 

 20 

Keywords: stress response ; HRV ; EDA ; α-amylase ; cortisol ; hypermobile Ehlers-Danlos Syndrome ; 21 

hypermobility spectrum disorders 22 

 23 

 24 

  25 
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1. Introduction 26 

Chronic pain affects around 20% people worldwide, representing a physical and socioeconomic burden [1], 27 

where one of the main issues is an inability to work [2]. However, functional impairment is often met by disbelief 28 

in medico-social systems [3] due to the invisible nature of the disease [4,5]. These issues are key to the 29 

livelihood and sense of identity of patients with chronic pain, and represent major stressors [3]. 30 

The stress inflicted on patients  by the denial of support or by disbelief of the veracity of the illness and the 31 

associated suffering is under-investigated [4]. Yet there is evidence that stigma, social support (or lack thereof), 32 

and interactions with healthcare and social services are key factors shaping well-being in chronic pain [3]. 33 

Socioeconomic struggles could also contribute to the vicious cycle of chronic pain. In fact, prolonged exposure 34 

to stressors can result in long-term maladaptive stress responses, which are associated with  maintenance of 35 

chronic pain [6,7]. Chronic stress involves a dysregulation of the neuro-endocrine cascade of the hypothalamo-36 

pituitary-adrenal (HPA) axis and the autonomous nervous system (ANS) balance [8]. It appears these 37 

interactions are specifically relevant for the pathophysiology of chronic widespread pain (CWP) [9].  38 

Stress responses in CWP have been mostly studied in fibromyalgia [10–13]. Nevertheless, patients suffering 39 

from hypermobile Ehlers-Danlos Syndrome (hEDS) and Hypermobility Spectrum Disorders (HSD), i.e. 40 

incapacitating generalized connective tissue disorders with joint hypermobility, often present with CWP, as 41 

well as musculoskeletal complications and evidence of small fiber neuropathy [14,15]. Many suffer from 42 

fatigue, sleep disorders, anxiety, and depression [16]. The disease load is often incompatible with full-time 43 

employment [17].  44 

Stress response mechanisms in hEDS/HSD are not yet fully understood, and in particular direct evidence of 45 

HPA axis dysregulation remains limited. However, research in chronic pain, especially in fibromyalgia, 46 

suggests altered cortisol dynamics, including flattened diurnal cortisol slopes and blunted stress reactivity, 47 

consistent with impaired adaptive stress responding [18,19]. Importantly, stress-related mechanisms identified 48 

in fibromyalgia are likely to be relevant to hEDS/HSD as well, given the substantial overlap in clinical features 49 

such as CWP, fatigue, and heightened subjective stress sensitivity. 50 

While physiological stress response has not yet been characterized in hEDS/HSD, accumulating evidence 51 

indicates alterations in autonomic nervous system functioning in hEDS/HSD, including an increased 52 

prevalence of dysautonomia, that can manifest as orthostatic intolerance or most extremely as postural 53 

tachycardia syndrome (POTS) [20,20,21]. Studies using formal autonomic testing have demonstrated 54 

prevalent, generally mild autonomic dysfunction in hEDS, including abnormal heart rate responses and 55 

impaired orthostatic tolerance, consistent with altered sympathetic–parasympathetic balance and 56 

cerebrovascular dysregulation [22,23]. In addition, clinical cohorts report a strong association between 57 

generalized joint hypermobility and POTS, further supporting a link between connective tissue disorders and 58 

autonomic dysfunction [21,24]. These autonomic alterations might reflect a reduced capacity to maintain 59 

cardiovascular homeostasis during postural or emotionally salient stressors, thereby contributing to fatigue, 60 

dizziness, exercise intolerance, and stress-induced exacerbation of symptoms. 61 

Together, these findings provide a biologically plausible framework linking stress responses to a part of the 62 

multisystem symptom burden observed in hEDS/HSD and support the relevance of further investigating stress-63 

related mechanisms in this population. 64 

 65 
Induced acute stress responses in chronic pain have mainly been studied using the gold standard social stress 66 

induction task, the Trier Social Stress Test (TSST) [25]. However, due to its reliance on a mock job interview, 67 
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the TSST may not be effective in this population: the disconnect between the test scenario and their real-life 68 

experiences could result in disengagement or overwhelming distress. Results may be further muddled by an 69 

elevated baseline stress level and an increased vulnerability to social stress [10]. The TSST has previously 70 

been adapted in other contexts where a job interview seemed irrelevant [26–29].  71 

Therefore, we propose to validate the Social Benefits Stress Test (SBST), a TSST adaptation tailored to people 72 

suffering from disabling chronic pain. It was created as a research tool for future work in the interconnecting 73 

fields of chronic pain and stress, in line with established guidelines for stress research involving vulnerable 74 

and at-risk populations [30]. The job interview was replaced by a simulated interview with a confederate 75 

medical expert deciding on patients’ work incapacity for social benefits allocation. The main outcome measures 76 

were subjective stress rated on visual analogue scales (VAS), heart rate variability (HRV), electrodermal 77 

activity (EDA), as well as salivary cortisol and α-amylase.  78 

We hypothesized that the SBST would successfully induce a significant and transient stress response in 79 

patients with hEDS/HSD, reflected by increases in subjective stress levels, associated with congruent 80 

increases in EDA, salivary cortisol and α-amylase, alongside a decreased HRV, reflecting a valid stress 81 

induction task.  82 

2. Methods 83 

2.1 Design 84 

This prospective single-center observational study took place at the Centre for integrative and complementary 85 

medicine (CEMIC) at the Lausanne University Hospital, Switzerland. This study was conducted in accordance 86 

with the Declaration of Helsinki and was approved by the local ethics committee for research in humans (CER 87 

Vaud - 2021-01750). Participants were compensated for their participation with a 50 CHF voucher for a local 88 

store and their travel expenses were reimbursed. 89 

2.2 Participants 90 

Eligible participants were adult females, suffering from hEDS or HSD according to Malfait criteria [14] reporting 91 

chronic pain (more than 6 months), willing and able to give informed consent, recruited from the CEMIC and 92 

Pain Centre. As 89% of the patients suffering from hEDS/HSD are women [31], including men in a 93 

representative way  would then have resulted in sample with about 36 women and 4 men, or in a very long 94 

and demanding recruitment process to find 20 male participants with hEDS/HSD, that would not have reflected 95 

the clinical reality. Furthermore, the pain experience is more frequently disbelieved in women than in men [32]. 96 

For all these reasons, only women were included. Exclusion criteria were: insufficient French language skills 97 

to communicate without a translator (i.e. below B2 level), severe hearing impairment, active substance use 98 

disorder, somatic co-morbidity that could interfere with interpretation of HRV recordings (including cardiac 99 

malformation, recent myocardial dysfunction, cardiac transplantation, or cardiac treatment i.e. pacemaker, 100 

antiarrhythmic drugs, muscarinic receptor blockers, angiotensin-converting enzyme inhibitors or any that would 101 

induce a modification in heart rate) or contraindication to sensor positioning (i.e. local skin damage or allergies). 102 

Participants were also excluded if they presented with unstable psychiatric comorbidities, including acute 103 

episodes of major depressive disorder, generalized anxiety, psychotic or bipolar disorder. Participants with 104 

stable, treated psychiatric conditions were not excluded. Eligibility criteria were verified in two steps: medical 105 

and diagnostic criteria were confirmed through the participants’ medical records accessed with their consent; 106 

remaining inclusion and exclusion criteria were assessed via a screening phone call prior to participation. 107 
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 108 

2.3 The Social Benefits Stress Test (SBST) 109 

2.3.1 Task development  110 

Two patient-advocates, suffering from chronic pain for more than five years, who had multiple medical 111 

encounters for their pain and with previous experiences of the social benefits system in Switzerland, were 112 

involved in the task design through semi-structured interviews. They provided advice on the confederate 113 

medical expert’s attitude and specific questions.  114 

The task was an adaptation of the TSST [25], maintaining the global timeline and procedures, including filming 115 

the test and the surprise arithmetic task (Figure 1). The fake job interview was replaced by a simulated 116 

interview with a confederate medical expert. Unlike the standard TSST protocol which involves two to three 117 

judges, a single confederate was used to reflect the real-world format of medical expertise encounters, where 118 

individual meetings with a single doctor is the norm. This design choice was deliberately made to avoid 119 

inducing an overly severe stress response and are in line with recent recommendations regarding stress 120 

induction tasks [30]. The realism of the single-expert format was confirmed both by patient-advocates based 121 

on their lived experience of the Swiss social benefits system, and by participants themselves, who reported 122 

that the simulation closely resembled actual medical encounters they had experienced. The confederate 123 

medical expert was played by a female confederate, a research collaborator (S.P.W.), in her forties, looking 124 

formal, severe, and sharp, dressed in a medical white coat. Her attitude was a “poker face”, imitating in the 125 

cold neutrality of the panel in the TSST, as well as attitudes of real medical experts described by patients 126 

advocates.  127 

2.3.3 Procedure 128 

Participants were asked to fill standardized trait questionnaires (all French versions) online at home within the 129 

15 days preceding the testing day. Eligibility criteria were verified by telephone screening and, with the 130 

participants’ consent, through review of their electronic medical records. 131 

Patients were invited for a unique study visit about stress (without further information regarding the task) lasting 132 

about 2h30, starting at 2PM for each participant. After collecting informed consent, patients received 133 

instructions for the saliva collection and sensors were positioned for ECG recording.  134 

The task started with a 30-minutes “baseline” with the participants siting on a comfortable chair and invited to 135 

relax while watching a marine life documentary (Océans, Jacques Perrin, 2009) (Figure 1). 136 

After this baseline, they received the following instructions: “Imagine that you are not able to work full-time due 137 

to your pain, and you have asked for financial social support from an insurance company or the state. You will 138 

face a medical expert who will evaluate your work capacity. You now have 10 minutes to prepare for this 139 

interview.” Participants were also told that nonverbal behaviour and global performance would be analysed 140 

based on a video-recording. 141 

This initiated the 10-minute “anticipation” phase, where patients were provided with a paper and pencil to 142 

prepare. The “stress task” followed: They were guided to a conference room, where they were introduced to 143 

the confederate medical expert and were seated, as usual medical encounters are done in a seated setting. 144 

She explained in a cold and distant way “You now have 5 minutes to justify your inability to work”. The 145 

interactions followed a protocol with scripted questions: If the subject spoke for less than 3 minutes, she said 146 
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‘You still have some time left. Please continue.’ If the subjects finished a second time before the 3 minutes 147 

were over, the expert stayed quiet for 20 seconds. In any case, after 3 minutes, the expert asked prepared 148 

questions (see supplementary methods) during 2 minutes until the end of the 5 minutes. Following this 149 

“interview”, participants were asked to undergo a mental “arithmetic task” for 5 minutes, i.e. sequentially 150 

subtracting 13 from the number 2033 (as in the TSST). Affects were assessed before anticipation and at the 151 

end of the stress task to measure changes in subjective affective state associated with the stress procedure. 152 

Then the “recovery” phase followed: participants were guided back to the first room. They were invited to sit 153 

and relax while watching another 30 minutes of the marine documentary. After 30 minutes, the sensors were 154 

removed, and the patients were fully debriefed about the purpose of the task (“debriefing”). The research 155 

collaborator made it a point of honour to emphasize the recognition of their condition and provided a detailed 156 

clarification of the expected impacts of the study. To ensure the SBST did not induce long term effects, the 157 

patients were called by phone for further task-related debriefing the day after and the week after their 158 

participation in the study and asked about their recovery. 159 

 160 

Figure 1  161 

 162 

2.4 Measures 163 

2.4.1 Trait questionnaires  164 

Traits questionnaires filled online were the Brief Pain Inventory (BPI), assessing the pain severity and its impact 165 

on daily functions [33,34]; the Perceived Stress Scale (PSS), evaluating how much their life was overwhelming 166 

and unpredictable over the past month [35,36]; the Pain Catastrophizing Scale (PCS) quantifying rumination, 167 

magnification and helplessness regarding pain [37,38] and the Hospital Anxiety and Depression Scale (HADS) 168 

to measure anxiety and depression tendencies [39,40]. 169 

 170 

2.4.1 Subjective stress and pain  171 

Ratings on VAS were used to repeatedly assess subjective stress and levels of pain with two 10 cm-lines 172 

anchored “no <stress // pain>” on the left (=0/10) and “worst <stress // pain> imaginable” on the right (=10/10). 173 

Ratings were collected upon arrival and after each phase of the SBST (see Figure 1). 174 

2.4.2 Physiological recordings 175 

Continuous physiological monitoring was performed using a 3-electrodes electrocardiogram (at a sampling 176 

rate of 1024 SPS) (NeXus-10 MKII, Mindmedia, Herten, the Netherlands): the skin was cleaned with alcohol 177 

and electrodes were placed on the right and left clavicle and left lower ribcage (lead II configuration). The 178 

physiological signals were recorded using the BioTrace+ software (Mind Media BV, Netherland) and analysed 179 

using the Neurokit2 Python library (v.0.2.3) [41]. Power spectral density was estimated using the Welch method 180 

with a Fast Fourier Transform (FFT). The following frequency bands were used: Very Low Frequency (VLF: 181 

0–0.04 Hz), Low Frequency (LF: 0.04–0.15 Hz), and High Frequency (HF: 0.15–0.40 Hz). Raw data were 182 

exported, visually inspected, and corrected for artifacts and peak detection. Then HRV (root mean square 183 

successive differences (RMSSD), LF power and HF power components) and EDA outcomes (skin 184 

conductance response (SCR) i.e. the number of peaks for the phasic component were calculated during 185 

designated 5-minute periods. SCR peaks with a minimum amplitude of 0.1 µS were identified as events [42].  186 
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As the interview and arithmetic periods were 5 minutes sharp; they were fully analysed. For the phases lasting 187 

more than 5 minutes, the extracted time-series were selected as a 5-minutes block outside of events of 188 

interference (e.g., sneezing, moving, talking, which had been noted with their timing during the testing) (see 189 

Figure 1).  190 

A typical stress response is characterized by a decreased HRV (with a decrease in RMSSD, an increase in 191 

LF, a decrease in HF, or an increase in the LF/HF ratio) [43] and by an increased number of EDA peaks during 192 

the stress task compared to baseline recordings. 193 
 194 

2.4.3 Salivary cortisol and α-amylase 195 

Saliva samples were collected using Salivettes (Sarstedt, Germany) to analyse the levels of salivary free 196 

cortisol and salivary α-amylase at the 7 specified time points (Figure 1). 197 

The participants were given instructions to abstain from eating, drinking, brushing their teeth, or smoking for 1 198 

hour prior to the study visit. On the sampling day, they were also required to fill out a form, providing information 199 

about any medications or specific events that could potentially affect the analysis of collected biomarkers and 200 

none of them lead to data exclusion. Then, samples were centrifuged at +4°C (3’500 rpm, 15 minutes) and 201 

stored at −80°C until the analysis. Cortisol and α-amylase levels assessments were performed at the 202 

Psychological Institute laboratory of the University of Zürich. Cortisol levels (nmol/L) were assessed using a 203 

commercial luminescence immunoassay kit (ELISA; IBL International, RE62111/RE62119). For α-amylase 204 

analysis, saliva samples were incubated with a substrate reagent, α-Amylase CC FS from Diasys, at 37°C. 205 

The increase in absorbance was transformed into α-amylase concentrations (U/ml) using a standard curve. 206 

Each sample was run in triplicate. Intra- and inter-assay coefficients of variation were reported to be below 207 

10%.  208 

2.4.5 Intervention questionnaires 209 

Affects were assessed using the Positive and Negative Affect Schedule (PANAS) [44] comprising two 10-item 210 

subscales measuring positive affect (e.g., "enthusiastic," "attentive") and negative affect (e.g., "scared," 211 

"irritable").  212 

At the end of the stress task, participants also rated its characteristics on five separate 100-point Likert scales 213 

(0=not at all, 50=moderately, 100=extremely), covering novelty, difficulty, stressfulness, controllability, and 214 

predictability, in line with methodological recommendations from the acute stress literature [45] and a 215 

previously validated stress paradigm [46]. 216 

 217 
 218 

2.4.6 Debriefing interview 219 

A script based qualitative interview was delivered by phone at + 1 and +7 days, Based on 10 items from the 220 

PTSD Checklist Civilian for DSM-5 (PCL-C). Participants were questioned about any consequence the task 221 

could have induced in their daily life, their subjective stress and nervousness level since the experiment, any 222 

disturbing memories, dreams, or thoughts related to the study. They were also asked if thinking back to the 223 

study made them feel overwhelmed, if it induced increased heartbeat, sweating, pain, or difficulty breathing, if 224 

they tended to avoid talking about the study, had any new concentration or sleep difficulty, more negative 225 

emotions, and finally, their current stress and pain level on a numerical rating scale from 0 (not at all) to 10 226 

(most intense). Previous experiences with social benefits were also investigated (either if they already faced a 227 
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real medical expert, had paper/email interactions with social benefits or were never involved in social benefits 228 

procedures) and are described in Table 1. These results will be described in details in further work.  229 

 230 

2.5 Statistical analyses 231 

2.5.1 Data analyses  232 

Given that the SBST is a new stress paradigm, no prior data existed for an a priori power calculation. Therefore, 233 

a sample size of N=40 was estimated based on a meta-analysis on the TSST [47]. Statistical analyses were 234 

performed using python v3.8.10 and R v4.3 under RStudio v2021.09.1-372. Results were considered 235 

significant at p<0.05. Linear mixed-effects models were used to evaluate time effect on subjective stress and 236 

pain ratings, HRV and EDA components. Time was entered as a fixed effect, and a random intercept for each 237 

participant was included to account for individual differences in baseline stress levels and the non-238 

independence of repeated measurements. Degrees of freedom were estimated using the Kenward-Roger 239 

approximation. If the time effect was significant, post-hoc pairwise t-tests were performed with a Tukey 240 

correction for multiple comparisons. All the results are reported corrected. To test the validity of the new stress 241 

task, the post-hoc analysis focused on the following comparisons: baseline vs stress task and stress task vs 242 

recovery. The entire set of post-hoc comparisons is presented in supplementary results. 243 

 244 

Repeated measures correlations [48] were conducted to test associations between paired measures 245 

repeatedly assessed during the task, i.e. stress VAS, LF/HF ratio, EDA components and salivary α-amylase. 246 

As cortisol is produced with a variable delay, the correlations were not assessed. Two tailed paired t-tests were 247 

conducted to compare PANAS scores before and after the SBST completion. Positive Affect (PA) and Negative 248 

Affect (NA) scores were computed as the sum of their respective 10 items, following the original scoring 249 

procedure [44] and preserved in the French-Canadian validation of the PANAS [49]. Scores on each subscale 250 

could therefore range from 10 to 50, with higher scores reflecting greater intensity of the corresponding 251 

affective state. 252 

 253 

Prior to all inferential analyses, distributional assumptions were systematically verified. Normality was 254 

assessed using Shapiro-Wilk tests and visual inspection of Q-Q plots, applied to raw variables for paired t-255 

tests and repeated measures correlations, to difference scores for paired comparisons, and to model residuals 256 

for all regression and mixed-effects models. Homoscedasticity was examined through visual inspection of 257 

residual-versus-fitted plots for all models and additionally tested using a Breusch-Pagan test for the multiple 258 

linear regression. For the Box-Cox transformed cortisol data, normality of the transformed distribution was 259 

verified prior to modeling.  260 

 261 

2.5.2 Salivary cortisol 262 

A linear mixed model (LMM) was fitted on raw salivary cortisol values with timepoint as a fixed effect and a 263 

random intercept per participant to account for the repeated-measures structure of the data. Salivary cortisol 264 

concentrations were then transformed using the Box-Cox power transformation procedure with a λ of 0.26 265 

recommended by Miller and Plessow [50]. We first fitted a linear mixed model with timepoint (seven levels, 266 

raw chronological order) as a categorical fixed effect and a random intercept per participant to test for an 267 

overall effect of time on cortisol across the session. Data were then analyzed using a two-piece multilevel 268 
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growth curve model with landmark registration, following the approach of Lopez-Duran et al [51]. This method 269 

was chosen because it allows cortisol reactivity and recovery to be modeled separately while accounting for 270 

individual differences in peak latency. Two spline terms were then created to estimate separate slopes before 271 

and after the peak. Baseline cortisol was included as a covariate, and all available cortisol observations were 272 

retained in the mixed-effects models. The main models estimated peak cortisol level as well as activation and 273 

recovery slopes. Further details are provided in the supplementary methods. 274 

  275 

2.5.2 Salivary α-amylase 276 

Raw salivary α-amylase values were log-transformed prior to analysis to address the positive skew 277 

characteristic of salivary biomarkers. A linear mixed model (LMM) was fitted with timepoint as a fixed effect 278 

and a random intercept per participant to account for the repeated-measures structure of the data. Further 279 

details are provided in the supplementary methods.  280 

 281 

2.5.4 Exploratory outcomes 282 

To identify personal-level confounders of stress induction, a LASSO regression was conducted with the 283 

differential stress VAS (post- minus pre-SBST maximum) as the continuous outcome. The following potential 284 

personal-level confounders were entered simultaneously as predictors: age, education level (6-level ordinal 285 

scale, modelled as an ordered factor with polynomial contrasts), diagnosis group, maximum pain VAS during 286 

the task, pain VAS increase, and baseline questionnaires: BPI, HADS, PCS, PSS, BRS, degree of work 287 

incapacity (continuous, 0-100%), BMI and physical activity per week. All 15 variables were entered 288 

simultaneously into a LASSO regression with leave-one-out cross-validation. Bootstrap stability selection 289 

(1000 resamples) was used to assess the robustness of variable selection. 290 

We also evaluated stress induction tasks responders, which are typically determined by cortisol increases. It 291 

can be defined as a cortisol increase from baseline to peak of ≥ 1.5 nmol/l or using a percentage baseline-to-292 

peak increase of 15.5% [52]. Given the very low cortisol concentrations in our population, cortisol stress 293 

reactivity was defined as the latter. 294 

To examine the correspondence between expert and participant stress ratings after the interview and 295 

arithmetic task, we used a LMM with participant self-reported stress at these timepoints as the outcome, expert 296 

ratings as a fixed effect, and a random intercept for each participant to account for the non-independence of 297 

repeated measures across the two timepoints (interview and arithmetic task). 298 

3. Results 299 

3.1 Demographic data and psychological traits 300 

The study sample consisted in 40 female subjects with an average age of 42 (±11.2 years). hEDS diagnostic 301 

criteria were fulfilled in 25, whereas 15 were categorized as suffering from HSD. Their demographic 302 

characteristics are described in Table 1. 303 

 304 

 305 

 306 

 307 

 308 
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 325 

 326 

 327 

 328 

 329 

 330 

 331 

 332 

 333 

 334 

 335 

 336 

 337 

 338 

 339 

 340 

Table 1: Demographic characteristics of the study population. BPI: Brief pain inventory, HADS: Hospital anxiety and depression scale, 341 

PCS: Pain catastrophizing scale, PSS: Perceived stress scale  342 

 343 

On average, the group reported daily pain with a moderate intensity that considerably interfered with their daily 344 

life. A tendency to catastrophize about pain was also frequently observed. Anxiety and depression were likely 345 

co-morbidities, with 55% scoring above clinical detection criteria for both conditions. All patients but one 346 

displayed moderate to high subjective stress scores.  347 

 348 

3.2 Visual analog scales for subjective stress and subjective pain during the SBST  349 

A significant time effect was reported for subjective stress (F(8, 312)=39.82, p < .001) (see Figure 2, a). 350 

Compared to baseline (M=1.56, SD=1.72), subjective stress was significantly higher during the interview 351 

(M=4.84, SD=2.54; p<.001) and the arithmetic task (M=5.36 ; SD=2.69; p<.001). Compared to the end of the 352 

arithmetic task, subjective stress was significantly lower at the end of the recovery phase (M=1.46; SD=1.77; 353 

p<.001).  354 

Patients characteristics (N=40) 

Age: years mean ± SD (min-max) 42 ± 11.2 (22 - 63) 

Diagnosis N (%) 

Ehlers-Danlos syndrome  

Hypermobility spectrum disorder 

 

25 (62.5%) 

15 (37.5%) 

Social benefits experience N (%) 

Faced a medical expert 

Involved in procedures without facing a 

medical expert 

No previous experience  

 

26 (65%) 

6 (15%) 

 

8 (20%) 

BMI (kg/m²) 

Mean ± SD (min-max) 

 

28.8 ± 8 (17 - 45.9) 

Activity involving movement (h/week) 

Mean ± SD (v) 

 

9.3 ± 8.3 (1 - 40) 

Smoking N (%) 

Yes: (mean ± SD) 

No 

 

21 (52.5%): (6.2 packs year ± 11.2) 

19 (47.5%) 

Education level N (%) 

Compulsory education  

Apprenticeship 

Highschool 

University  

Others 

 

2 (5%) 

17 (42.5%) 

2 (5%) 

16 (40%) 

2 (5%) 

Civil status N (%) 

In a relationship or married  

Single or divorced 

Widow 

 

20 (50%) 

19 (47.5%) 

1 (2.5%) 

Work incapacity 

Yes 

No 

If yes, percentage of incapacity (mean ± SD, 

min-max) 

 

18 (45%) 

22 (55%) 

93.2 ± 14.1 (50-100) 

Questionnaires: mean ± SD (min-max) 

BPI-severity 

BPI-interference 

HADS-anxiety [% above cutoff ≥ 8] 

HADS-depression [% above cutoff ≥ 8] 

PCS [% above cutoff ≥ 30] 

PSS [% of high PSS ≥ 27] 

 

5.47 ± 1.49 (2.5 - 9) 

5.51 ± 1.87 (1 - 8.57) 

10.53 ± 3.36 (4 - 18) [77.5%] 

8.88 ± 3.30 (2 - 15) [67.5%] 

25.43 ± 9.84 (6 – 42) [40%] 

22.40 ± 5.97 (8 - 35) [30%] 
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A significant time effect was also reported for the pain ratings (F(8, 312)=4.15, p<.001) (see Figure 2, b). 355 

Compared to arrival (M=4.32, SD=2.43), subjective pain was significantly higher during the arithmetic task 356 

(M=5.08, SD=2.69, p=.009). All comparisons are presented in supplementary results. 357 

 358 

Figure 2 359 

 360 

3.3 Heart rate variability  361 

Due to technical issues during the recordings, 6 participants with missing data were excluded from the these 362 

analyses (N=34). RMSSD outliers were defined using age-specific 2nd–98th recommended percentile 363 

reference values [53] corresponding to our sample, excluding values below 5.5 ms and above 205.5 ms (N=8 364 

signals excluded). For LF/HF, no values were excluded on the basis of extreme ratios, as these could reflect 365 

the autonomic dysregulation characteristic of hEDS/HSD and POTS [20,54].  366 

A significant time effect was reported for heart rate (F(4, 130.94)=27.27, p<.001) (Figure3, a). Compared to 367 

the baseline (M=78.34, SD=10.87), the heart rate was significantly higher during the interview (M=84.1, 368 

SD=13.3; p<.01) and arithmetic task (M=83.37, SD=12.36; p<.001). Heart rate was also significantly lower 369 

during the recovery phase (M=73.51, SD=10.1; p<.0001,) compared to arithmetic.  370 

We observed significant time effects for LF (F(4, 131.55)=9.29, p < .001). Compared to the baseline (M=.016, 371 

SD=.01), LF was significantly higher during the arithmetic task (M=.031, SD=.014; p<.001) and then decreased 372 

significantly at the end of the recovery phase (M=.016, SD=.014; p=.001) (Figure 3, b).  373 

There was a significant time effect for HF (F(4, 123.4)=3.23, p=.015). HF increased significantly during 374 

recovery (M=.016, SD=.018; p=.026 vs interview) (Figure3, c). 375 

Prior to analysis, LF/HF was log-transformed. A significant time effect was also observed for LF/HF ratio (F(4, 376 

131.29)=9.87, p < .001). LF/HF ratio was significantly higher during both the interview (M= 2.84, SD= 0.87; p 377 

< .0001) and the arithmetic parts (M= 2.78, SD= 0.84; p < .001) compared to the baseline (M= 1.25, SD= 0.84, 378 

Figure 3, d). 379 

For RMSSD, a significant time effect was observed (F(4, 129.74)=6.22, p<.001). RMSSD was significantly 380 

higher during recovery compared to all task phases (all p ≤ .006) (Figure 3, e). All comparisons are presented 381 

in supplementary results. HRV data required a mean manual correction of M=5.8, SD=9.2 peaks per signal.  382 

 383 

Figure 3 384 

 385 

3.4 Electrodermal activity  386 

Due to technical issues, N=11 datasets were excluded from the EDA analyses (final sample N=29): 6 387 

participants had no recorded EDA data due to device failure, and 5 datasets were excluded due to corrupted 388 

files and/or heavy artefacts, including exceeding a 100-peak threshold within our 5-minutes recording session 389 

based on Braithwaite et al. (2013) guidelines [55]. 390 

We observed significant time effects for SCR (F(4, 109.02)=6.55, p < .001). Compared to the baseline (M=9.31, 391 

SD=12.32), the number of SCR peaks was significantly higher during the interview (M=17.48, SD=9.68; 392 

p=.015) and arithmetic (M=16.5, SD=13.9; p=.048), and decreased significantly during the recovery phase 393 

(M=8.76, SD=8.34) compared to the arithmetic task (M=16.54, SD=13.88; p=.027) (Figure 3, f). All 394 

comparisons are presented in supplementary results. 395 

 396 
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3.5 Salivary α-amylase and cortisol  397 

Two participants were excluded from all salivary analyses due to insufficient saliva volume (analysis for α-398 

amylase  n=38),  and  2 more from the cortisol analyses because the concentrations were under detection 399 

levels (n=36).  400 

A linear mixed model testing for an overall effect of raw timepoint on cortisol revealed a significant effect of 401 

time (F(6, 217.0) = 7.45, p < .001; Figure 4, b). Post-hoc comparisons showed a significant decrease in cortisol 402 

levels, with values at 30- and 40-minutes recovery significantly lower than at 10-min post-SBST (ps ≤ .0104). 403 

At the individual level, salivary cortisol levels increased significantly from the start of the SBST task (Activation 404 

Slope b=0.004, SE=0.002, t(214)=1.96, p < .05), and then declined significantly after reaching peak, (Recovery 405 

Slope b=−0.008, SE=0.002, t(214)=−3.70, p < .001), after controlling for pre-task baseline cortisol (b=0.80, 406 

SE=0.08, t(34)=9.73, p < .001), indicating a rise-and-fall pattern relative to each participant's own baseline and 407 

peak (Figure 4, c).  408 

 409 
Results revealed a significant effect of timepoints (F(6, 222)=8.61, p < .001), indicating that α-amylase levels 410 

varied significantly across the session (Figure 4, a) . Post-hoc pairwise comparisons (Holm-corrected) showed 411 

no significant differences among pre-task timepoints (baseline, anticipation, and SBST) but a significant 412 

descrease in α-amylase levels at the end of the SBST, with values during recovery all significantly lower than 413 

both SBST phases (ps ≤ .0002). Levels at S1, S2, and S3 did not differ from one another, indicating a sustained 414 

post-task decrease. Recovery was evidenced by S4 returning to baseline levels (p=1.00).  415 

Individual peak analysis revealed a significant increase from baseline to individual peak (mean Δ=0.40, 95% 416 

CI [0.26, 0.55], t(37)=5.70, p < .001), corresponding to an approximate 49% increase in raw units.  417 

 418 

Figure 4 419 

 420 

3.6 Correlation between physiological and subjective stress measures 421 

Subjective stress VAS significantly correlated with: salivary α-amylase concentration (rrm(113)=.30, p<.01) and 422 

LF/HF ratio (rrm(97)=.28, p<.005).  423 

 424 

3.7 Patients’ perception of the task, debriefing and post-task effects 425 

At the end of the recovery, participants rated the task as difficult (M=79.4, SD=19.46), stressful (M=76.5, 426 

SD=21.64), moderately novel (M=50.4, SD=36.67), not so controllable (M=41.75, SD=29.32) and weakly 427 

predictable (M=20.88, SD=3.17) (0–100 Likert scales).  428 

There was a significant decrease in the PANAS Positive Affect after the task (M=24.08, SD=7.47 before the 429 

task vs M=21.63, SD=8.92 after; t(39)=-2.89, p=.006) and a significant increase in Negative Affects (M=13.06, 430 

SD=3.76 before vs M=20.68, SD=7.90 after; t(39)=6.15, p<.001).  431 

Finally, at the one-day follow-up call, participants reported what they considered as usual levels of stress 432 

(M=3.03, SD=2.53) and pain (M=5.65, SD=1.77) in their daily lives (n=38) (0–10 numerical rating scale). 433 

Similar ratings were observed after one week (Stress: M=2.68, SD=2.01 and Pain: M=5.42, SD=2.62, n=34). 434 

Among the list of 16 potential aftereffects (adapted from the PCL-C, e.g., intrusive thoughts, avoidance, 435 

hyperarousal symptoms), participants reported only few symptoms (M=1.42 symptoms /16, SD=1.83 after one 436 
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day and M=1.06, SD=2.01 after a week), The most common symptoms were fatigue/pain (n=15), nervosity 437 

(n=11) and thoughts regarding the task (n=5).  438 

One participant experienced an exacerbation of a past trauma (evoked by the ocean documentary) but not 439 

specifically related to the stress task of the SBST. One other participant experienced sleep disturbance that 440 

she attributed to the task and to her having no more psychiatric support at the time, and for which she received 441 

counsel from the study physician.  442 

 443 

3.8 Exploratory results 444 

The cross-validated LASSO model shrank all 15 predictor coefficients to zero at both λmin and λ1SE, and no 445 

predictor was selected in more than 27.8% of bootstrap resamples (below the conventional ≥70% stability 446 

threshold). No personal-level confounders on stress induction were significant, nor did it justify multilevel 447 

analyses. The statistics of these analyses are presented in supplementary results.  448 

Among the 36 participants with sufficient saliva volume for analysis, N=11 (30.6%) were identified as 449 

responders to the SBST with at least a 15.5% baseline-to-peak salivary cortisol increase. 450 

The linear mixed model combining both timepoints, accounting for the non-independence of repeated 451 

measures, revealed a significant positive association between expert and participant stress ratings (marginal 452 

R²=.10, conditional R²=.84, t(60.89)=3.93, p<.001), suggesting that higher expert-rated stress was associated 453 

with higher self-reported stress across both phases. 454 

4. Discussion 455 

In this study, we developed and validated the SBST, an adaptation of the Trier Social Stress Test that is 456 

relevant to patients unable to work, for example due to chronic pain. The task design was informed by people 457 

with lived experience and the clinical experiences of diverse medical personnel treating people with chronic 458 

pain conditions. We tested if a confederate medical expert interview situation could be used as a relevant and 459 

ecological stressor in patients suffering from CWP. We demonstrated that the SBST triggered a reversible 460 

stress response, measured as significant and transient increases in self-reported stress (VAS), α-amylase 461 

concentrations and changes in HRV and EDA metrics.  462 

 463 

4.1 The SBST, a good stress induction task? 464 

The SBST elicited a significant increase in subjective stress (mean +3.8 pts on VAS). This response was 465 

comparable or even higher than observed with the TSST in healthy volunteers, where a meta-analysis 466 

described a mean range of increase between 2.0 to 3.9 pts [56]. In patients suffering from fibromyalgia, the 467 

TSST induced smaller increases in subjective stress (mean increase: less than 1 point in n=27; and 2 points 468 

in , n=13) [10,57].  Further studies using other stress paradigms in CWP patients (fibromyalgia), did not report 469 

subjective stress increases  (n=36, “Mental Arithmetic with Harassment) [11] or also reported a smaller 470 

increase (n=23, +1.7 points for the two-choice reaction-time test) [13]. The SBST also  lead to a significant 471 

increase in PANAS NA and a decrease in PA, both similar to the emotional response observed in healthy 472 

subjects during the TSST [56].  473 

Moreover, the SBST successfully induced physiological stress responses. Heart rate temporarily increased 474 

during the stress task, akin to observations in patients with fibromyalgia in TSST settings [12], and mental 475 

arithmetic exercises [58]. Phasic EDA components were higher during the stress task, similarly to a prior 476 
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observation in fibromyalgia during an arithmetic task and social conflict [59]. We also observed a transient 477 

significant increase from baseline to individual peak in α-amylase, consistent with the group-average pattern 478 

reported above. A comparable individual-level increase was observed in cortisol among responders, mirroring 479 

the responses seen in individuals with rheumatoid arthritis, psoriasis or multiple sclerosis during the TSST 480 

[60,61] . The  SBST  responder rate was  30.6% , i.e. higher than observed in patients with  fibromyalgia or 481 

chronic musculoskeletal pain in response to the TSST settings (almost all participants qualified as  non-482 

responders) [62,63]. Importantly, we also observed that stress VAS positively correlated with LF/HF ratio and 483 

α-amylase. Such correlations between subjective and physiological outcomes were not reported in chronic 484 

pain patients in most prior stress induction studies. The fact that VAS correlated with autonomic responses 485 

and α-amylase suggests that participants' self-reports accurately reflected their physiological state and 486 

supports the strength of the SBST paradigm.  487 

Furthermore, the SBST's impact was transient, inducing an acute stress response without 1-week posttest 488 

effects except in two psychologically vulnerable patients (undisclosed PTSD n=1; lack of necessary 489 

psychological support n=1). While this suggest caution must be applied in the inclusion of patients in future 490 

studies with the SBST, the task aligns with current ethical considerations regarding the intensity of 491 

experimental stress inductions [30].  492 

Previous studies have also adapted the TSST to choose an ecological stressor, more relevant and specific for 493 

a targeted population: recognizing their crying baby for new mothers, expressing how good a friend they are 494 

for adolescents or defending themselves against shoplifting accusations in adult men [26–28]. In our study, 495 

the SBST demonstrates relevance for a chronic widespread pain population by considering their possible work 496 

impairment [17], ensuring adequate stress induction while maintaining acceptable levels of intensity as 497 

recommended for stress studies in vulnerable and at-risk populations [30]. Our manipulation check confirmed 498 

the task's effectiveness in eliciting a challenging experience, which they rated as difficult, stressful, 499 

unpredictable, and uncontrollable. Yet, the novelty was rated as moderate, possibly indicating that the SBST's 500 

realism resonated with participants who had undergone or heard about similar real medical expertise, or other 501 

medical encounters where they felt disbelief or judgment [64].  502 

Positive association between expert and participant stress ratings suggests that the experimenter was able to 503 

partially capture the participants' subjective stress experience. However, the modest effect size (β=0.41) 504 

indicates that expert and participant ratings did not fully converge, which is consistent with the broader 505 

literature showing that external observers tend to underestimate subjective stress [65]. 506 

Finally, relying only on one confederate, the SBST presents a logistical advantage, compared to the panel of 507 

three confederates used in the original TSST.  508 

4.2 The stress response in chronic widespread pain 509 

Compared to prior published samples, hEDS/HSD patients exhibited very low salivary cortisol concentrations 510 

(i.e. M=2.06±1.36 nmol/L, vs normative afternoon levels in healthy controls above 7 nmol/L [66]), and elevated 511 

levels of α-amylase (i.e. M=168.54±117.19 U/mL, vs  mean afternoon levels under in healthy controls 140U/mL 512 

[67]), suggesting an alteration of the neuroendocrine stress response system. To our knowledge there is little 513 

research describing the stress response in the hEDS/HSD population. The only identified publication on 514 

cortisol production in hEDS/HSD patients employed a small sample (n=10) without a unified collection time 515 
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(9h-17h), hence not allowing a comparison with our data [68]. We also observed low HRV, which reflects 516 

reduced vagal (parasympathetic) modulation of cardiac activity [69], congruent with the existing literature 517 

describing higher LF/HF ratio in a sample of fibromyalgia patients (n=39) compared to controls [54]. This is 518 

compatible with an autonomic dysfunction in hEDS/HSD [70]. Further work with appropriate controls and the 519 

combination of biological and physiological markers will be needed to better characterize the specificities of 520 

the stress response in hEDS/HSD. 521 

Baseline alterations in the stress response have been better studied in other patient populations with chronic 522 

widespread pain. In fibromyalgia, reduced cortisol awakening response [71], elevated levels of salivary α-523 

amylase [72],  altered autonomic regulation of electrodermal activity [73], and sympathetic mediated HRV at 524 

baseline have been described [69]. In the light of these baseline alterations, the stress response induction by 525 

a relevant task is of specific interest. Individuals with fibromyalgia compared to healthy controls exhibited a 526 

blunted cortisol response and higher subjective stress levels when exposed to the TSST [10]. The absence of 527 

a control population in our study, whether of healthy volunteers or patients with another painful condition, does 528 

not allow to qualify the observed stress response, and this should be examined in further work. Future 529 

investigations should assess the feasibility and suitability of the SBST in other a wider range of chronic pain 530 

populations to determine the generalizability of our findings. This future research could be facilitated by the 531 

task validated here. Furthermore, a longer-term objective could be to use such a tool to assess stress 532 

management in patients suffering from chronic pain, allowing to offer resilience-promoting interventions for 533 

those in need [74]. 534 

4.3 Limitations 535 

The SBST was created with the Swiss social benefits system in mind, where medical experts are very 536 

frequently involved in deciding on the attribution of financial support. Connections between the simulated and 537 

real experiences will be described in further work. Nevertheless, the task could be easily adapted to match 538 

other countries’ social or insurance systems, given the universal economic concerns and needs for medical 539 

and social recognition as well as for financial support amongst individuals struggling with disability due to 540 

chronic pain [75].  541 

This study was not pre-registered. As the SBST is a novel paradigm with no prior published data, the study 542 

was exploratory by design, seeking to establish feasibility and initial validity. Additionally, the study was initiated 543 

in 2021, before pre-registration became routine practice for observational studies under the Swiss Human 544 

Research Ordinance (HRO). 545 

The study included only women, based on the heavily skewed hEDS/HSD demographics [37]. Menstrual cycle 546 

phase, menopause status, and oral contraceptive use are known modulators of HPA-axis and autonomic 547 

reactivity [76] but were not systematically assessed. Although all sessions were conducted at fixed times of 548 

day in the afternoon, which may mitigate cycle-related variability [77,78], we cannot fully rule out hormonal 549 

influences on cortisol and α-amylase responses. Future studies should record these variables to allow for more 550 

precise control of potential hormonal confounds. It is of interest that in a prior stress induction tasks, women 551 

displayed a greater increase in subjective distress compared to men, but a lower increase in cortisol [79]. 552 

Moreover, the pain experience is more frequently disbelieved in women than in men [32]. Further work is 553 

needed to validate the SBST in men and examine potential sex-related difference in stress responses.  554 
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Pain ratings were higher after the SBST compared to arrival. However, the task design doesn't allow to 555 

disentangle between an increase of pain due to stress, vs the immobilization and prolonged sitting. This would 556 

require a control task with similar patients seated without stress induction.  557 

Measurements of α‐amylase and cortisol may be accompanied by procedural limitations [80]: for example low 558 

blood glucose levels and smoking are associated with blunted cortisol responses and lower α‐amylase activity 559 

[81]. We limited the effects of these factors by asking patients to have an early lunch (before noon) since the 560 

study started at 2pm, and not to drink anything other than water, nor smoke before the start of the experiment.  561 

Since the experiment took place in the early afternoon, the very low cortisol levels and the diurnal decrease 562 

made the interpretation of the raw data difficult.  A measure of the individual natural variations in diurnal cortisol 563 

and α-amylase, collected on another day (e.g. the day before the task) could be another option for the 564 

correction. This is to be considered for future studies.  565 

Conclusions  566 

The present study developed the SBST, a new social stress task, and validated it in a chronic widespread pain 567 

population of women with hypermobility conditions. This lays the groundwork for future in depth investigations 568 

in chronic pain populations into stress responses, and in parallel, stress management and resilience. The 569 

SBST could also serve to test therapeutic tools targeting a potential abnormal stress response. Finally, this 570 

test could be used to quantify the stress involved in medical expertise processes and attract attention towards 571 

this still neglected issue.  572 
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Figure 1: Design of the Social Benefits Stress Test (SBST). Participants underwent baseline, 

anticipation, stress, and recovery phases followed by a debriefing. Salivary samples (S1-S7) and stress 

and pain Visual Analog Scales (VAS1-VAS9) were collected at several timepoints. Positive Affects and 

Negative Affects (PANAS) questionnaires were filled before and after the stress phase. Physiological 

parameters were recorded continuously throughout the task (dotted line) and analyzed for EDA and 

HRV over specific 5-min windows (blue brackets). 

Figure 2: Subjective measures during the SBST. a) Self-reported subjective stress (green, Visual Analog 

Scale –VAS) and b) Self-reported subjective pain (orange, Visual Analog Scale –VAS). As pre-determined, 

the presented statistics are the baseline vs stress-task and end-of-stress-task vs recovery post-hoc tests, 

the other statistics can be found in supplementary. The orange frames show the timeframe where the 

task occurred, asterisks indicate significant reported post-hoc between successive SBST phases: **** 

for p < 0.0001, *** for p < 0.001, ** for p < 0.01 and * for p < 0.05. Boxplots show the median and 

interquartile range (IQR; whiskers extend to 1.5 × IQR). Dots represent individual participant values. 

Diamonds indicate group mean ± standard error of the mean (SEM). Dashed vertical lines denote phase 

boundaries. 

Figure 3: Autonomic nervous system responses across the stress task. a) Heart rate (bpm), b) low-

frequency power (LF), c) high-frequency power (HF), d) LF/HF ratio, e) root mean square of successive 

differences (RMSSD; ms), and f) electrodermal activity skin conductance responses (EDA SCR; number 

of peaks). Boxplots show the median and interquartile range (IQR; whiskers extend to 1.5 × IQR). Dots 

represent individual participant values. Diamonds indicate group mean ± standard error of the mean 

(SEM). Dashed vertical lines denote phase boundaries.  

Figure 4: Salivary biomarkers evolution during the stress task. a) Salivary α-amylase concentrations 

(U/mL) across experimental timepoints b) Salivary cortisol raw data concentrations (nmol/L, log scale) 

across experimental timepoints. Red dots represent responders to the SBST with at least a 15.5% 

baseline to peak salivary cortisol increase. Grey dots represent non-responders. c) Peak-aligned salivary 

cortisol evolution, baseline-adjusted and Box-Cox transformed (t = 0, red dashed line). The yellow area 

(on the left) represents the activation phase (rising cortisol) and the green area (on the right) the 

recovery phase (declining cortisol). Boxplots show the median and interquartile range (IQR; whiskers 

extend to 1.5 × IQR). Dots represent individual participant values. Diamonds indicate group mean ± 

standard error of the mean (SEM). Dashed vertical lines denote phase boundaries. 
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Highlights 

• Maladaptive stress responses are involved in chronic pain maintenance and worsening 

• Current paradigms like the Trier Social Stress Test are not adapted to chronic pain 

• The Social Benefits Stress Test (SBST) could be a relevant task in chronic pain    

• The SBST led to subjective and physiological stress responses  

• The SBST will allow research on the interactions between chronic stress and pain  
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