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Abstract 

 

Alcohol Use Disorder (AUD) is a chronic brain disorder associated with a high risk of relapse 

and a limited treatment efficacy. Relapses may occur even after long periods of abstinence 

and are often triggered by stress or cue induced alcohol craving. C-tactile afferents (CT) are 

cutaneous nerve fibers postulated to encode pleasant affective touch and known to modulate 

physiological stress responses. However, their translational potential has not yet been 

explored extensively in controlled clinical trials. This randomized controlled study aimed to 

investigate the potential of CT stimulation in modulating relapse predicting biomarkers, 

physiological cue-reactivity, and subjective alcohol craving in AUD patients in early 

abstinence.  

 

Twenty-one participants meeting DSM-5 criteria for mild to moderate AUD received CT-

optimal touch or a non-CT-optimal control treatment while exposed to neutral, stress-

inducing, and alcohol-related visual stimuli. The tactile treatment was provided with a robotic 

device, eliminating the social elements of touch. Heart rate variability (HRV), salivary 

cortisol, and subjective craving were assessed at the baseline, during and after the treatment 

and stimuli exposure. 

 

The results showed that CT-optimal touch significantly reduced alcohol-cue-elicited standard 

deviation of normal-to-normal intervals (SDNN) HRV compared to the control group, 

shifting the HRV reactivity to the direction known to indicate lower relapse susceptibility. 

Cortisol levels showed no significant differences between the groups, and subjective alcohol 

craving increased after alcohol cue exposure in both groups. 

 

This study found that CT-optimal touch modulates autonomic cue-reactivity in AUD patients, 

encouraging further research on the therapeutic potential of affective touch. Future research 

should explore the long-term effects and real-world clinical relevance of CT-optimal touch in 

alcohol relapse prevention. 

 

Keywords: Affective touch, Alcohol Use Disorder, C-tactile afferents, cue-reactivity, 

craving, heart rate variability, stress, randomized controlled trial. 
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Introduction 1 

 2 

Alcohol use disorder (AUD) is a chronic brain disorder with a high risk of relapse even after 3 

long periods of abstinence. Eventual relapse occurs in up to 75% of the patients attempting to 4 

quit drinking with current pharmacological and psychosocial treatments (Boothby & Doering, 5 

2005). The high relapse rate indicates the critical need for novel interventions. However, few 6 

relapse-preventing therapies have emerged since the approval of opioid receptor antagonists, 7 

such as naltrexone, nearly 30 years ago (Center for Substance Abuse Treatment, 2009). 8 

 9 

One of the characteristic symptoms of AUD and an important contributor to relapses is 10 

alcohol craving (Koob & Volkow, 2016; Sinha, 2013b). Craving may be triggered by 11 

alcohol-related cues, i.e. incentive saliences that precipitate the abnormally high 12 

dopaminergic activity in the nucleus accumbens (NAc) associated with the hedonic state of 13 

alcohol intake. Another equally important trigger for craving is negative mental stress, 14 

involving the hypothalamic pituitary adrenal (HPA) axis, amygdala and peripheral stress 15 

responses (Koob, 2013; Koob & Volkow, 2016; Sinha, 2013b). Exposure to chronic stressors 16 

or aversive life events is known to increase the risk of harmful use of alcohol and the severity 17 

of AUD (Sinha, 2022). Moreover, aversive stress-related symptoms, such as anxiety, 18 

negative mood and aggressive behaviour, are typical in early abstinence from alcohol, which 19 

may further increase craving and the risk of a relapse (Koob & Volkow, 2016; Sinha, 2013a). 20 

In short, stress has a bidirectional impact on alcohol craving and the occurrence of relapses; it 21 

may trigger craving, leading to the harmful use of alcohol, whereas the harmful use of 22 

alcohol may generate the symptoms of stress contributing to the vicious cycle of addiction. 23 

 24 

Neural adaptations resulting from a chronic use of alcohol alter both peripheral and central 25 

stress systems, manifesting, for instance, as dysregulation of the autonomic nervous system 26 

(ANS) (Blaine et al., 2017; Koob, 2013; Sinha, 2009; Sinha et al., 2009). This neural 27 

dysregulation is illustrated clearly by heart rate variability (HRV), an established biomarker 28 

of ANS activity. Generally, in a healthy population, a higher resting state HRV is considered 29 

to reflect higher activity of the parasympathetic division of ANS, thus indicating a lower 30 

stress level. Correspondingly, stress exposure typically leads to a decrease in HRV. However, 31 
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numerous studies have shown that AUD patients have an abnormally low resting state HRV, 32 

yet it increases when exposed to stressors or alcohol-cues (for reviews see Cheng et al., 2019; 33 

Ralevski et al., 2019). Furthermore, heightened high-frequency HRV in response to alcohol-34 

cues predicts susceptibility to relapse in abstinent AUD patients, suggesting that HRV may 35 

be used as a relapse predicting biomarker (Garland et al., 2012). 36 

 37 

As stress has been recognized as one of the key factors in alcohol craving and relapses, 38 

treatments targeting stress-related mechanisms have attracted research interest in recent years. 39 

However, to the best of our knowledge, no previous studies in this field have addressed the 40 

potential stress regulating properties of somatosensory systems, namely C-tactile afferents 41 

(CT).  42 

 43 

CTs are slowly conducting unmyelinated low-threshold mechanoreceptor nerve fibers that 44 

are postulated to code for the pleasant (rewarding) properties of social and affective touch 45 

(Löken et al., 2009; McGlone et al., 2014; Olausson et al., 2016; Pawling et al., 2017). The 46 

optimal range of tactile stimulus velocity for CT firing is from 1 to 10 cm / s; both slower and 47 

faster speeds resulting in a weaker response in the firing rate of CTs during 48 

microneurography experiments (Löken et al., 2009). This velocity is also typical for gentle 49 

social touch, such as a caress. For instance, Püschel et al (2022) showed that mothers who 50 

were asked to stroke their preterm infants, did so in the CT-optimal velocity range. Further 51 

microneurography studies have shown that the firing frequency of CTs positively correlates 52 

with perceived pleasantness of skin stroking (Essick et al., 1999; Essick et al., 2010; Löken et 53 

al., 2009). These observations are supported by a study by Morrison et al. (2011), which 54 

showed that patients with a genetic deficit of C-fibers rated CT optimal skin stroking as less 55 

pleasant than did the control group of healthy individuals.  56 

 57 

CTs interact with several neurobiological mechanisms associated with AUD. Firstly, they 58 

project to the insular cortex (IC), a region of high importance in interoception and affective 59 

processes, also known to be a crucial brain site in modulation of cue-induced substance 60 

craving  (Björnsdotter et al., 2009; Davidovic et al., 2019; Löken et al., 2009; Naqvi et al., 61 

2014; H. Olausson et al., 2002; Olausson et al., 2016; Pawling et al., 2017). The IC has 62 

functional connectivity with brain regions central to reward, motivation, and addictive 63 

processes, influencing dopaminergic activity within the ventral tegmental area and NAc 64 

(Girven et al., 2020). The elevated dopamine levels in the NAc also occur as a result of tactile 65 
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skin stimulation, further highlighting the effect of affective touch on reward pathways 66 

(Maruyama et al., 2012). Moreover, affective social touch, typically applied at CT-optimal 67 

velocity and force, modulates the endogenous -opioid system, known to have a pivotal role 68 

in alcohol-induced dopamine increase and the pleasurable effects of alcohol (Gilpin & Koob, 69 

2008; Korpi et al., 2015; Nummenmaa et al., 2016).  70 

 71 

Crucially, CT-optimal touch seems to effectively modulate stress responses. Hence the 72 

affective touch system has been suggested as an indispensable component of our 73 

physiological stress regulation ( Morrison, 2016; Blaine et al., 2017; Pawling et al., 2017b). 74 

One of the most intriguing examples of this is a study by Walker et al (2020), which 75 

demonstrated that a mere 10 minutes of slow stroking touch per day had a striking effect on 76 

stress-resilience in rats, nearly abolishing the anxiety-related behaviour and corticosterone 77 

increase in a rodent model of chronic mild stress. Human studies have shown that CT-optimal 78 

and affective touch have an ability to both increase oxytocin and to lower cortisol level, as 79 

well as to reduce peripheral stress system activity manifesting, for instance, as a lower heart 80 

rate (Ditzen et al., 2007; Eckstein et al., 2020; King & Becker, 2019; Püschel et al., 2022; 81 

Uvnäs-Moberg et al., 2014; Walker et al., 2017). Importantly, CT-optimal touch has been 82 

identified as a potent modulator of HRV. For instance, a study by Triscoli et al. (2017) 83 

showed that HRV of healthy subjects increases with robotic CT-optimal stroking touch. 84 

Moreover, a recent study demonstrated that dynamic touch at CT-optimal velocity, increased 85 

the HRV of preterm infants, whereas static touch had no such effect (Manzotti et al., 2023). 86 

However, to date, no published data exists on the potential effects of CT-optimal touch on 87 

HRV and ANS regulation in the AUD patient population. 88 

 89 

Building on this foundation, we hypothesize that the rewarding and stress-regulating effects 90 

of CT-optimal touch may influence physiological cue-reactivity, subsequently reducing 91 

alcohol craving and preventing relapses. To test this, we investigated the impact of acute CT-92 

optimal touch on HRV reactivity, salivary cortisol, and self-reported craving of early 93 

abstinent AUD patients in stress- and alcohol-cue exposure. Comparable protocols have 94 

previously been used in drug research (e.g. Fox et al., 2012), however, instead of 95 

pharmacological intervention, in this body of work, we explored the effect of CT-optimal 96 

tactile stimulation. 97 

 98 
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Materials and methods 99 

 100 

Experimental design 101 

This study was a randomized single-blinded controlled trial with two parallel treatment 102 

groups (CT-optimal treatment and non-CT-optimal control treatment). The study was 103 

conducted in accordance with the Declaration of Helsinki and European Union’s General 104 

Data Protection Regulation. The research plan was pre-evaluated and approved by the 105 

Helsinki University Hospital Regional Committee on Medical Research Ethics 106 

(HUS/11938/2022). 107 

Participants 108 

 109 

Twenty-one participants (10 female) of ages 27 to 60 (mean 48) took part in the study. The 110 

participants were randomly assigned to active treatment (CT-optimal touch, n=11) and 111 

control treatment (non-CT-optimal touch, n=10) groups. All participants met the Diagnostic 112 

and Statistical Manual of Mental Disorders, 5th Edition (DSM-5) criteria for mild to 113 

moderate Alcohol Use Disorder (AUD) and had maintained a minimum of 14 days without 114 

engaging in heavy alcohol consumption. Heavy alcohol consumption was defined as ≥ 60 g 115 

of absolute alcohol per day for males and ≥ 40 g per day for females. The participants were 116 

recruited via social media. 117 

 118 

The participants were instructed to avoid caffeinated drinks for 24 hours, physical exercise 119 

for 3 hours and eating, drinking and smoking for 1 hour before the experiment. On attending 120 

the test facility, the participants signed the informed consent and were familiarized with the 121 

protocol. A breathalyser test was performed to confirm the breath alcohol concentration was 122 

at the undetectable level and absence of withdrawal symptoms was ensured with Clinical 123 

Institute Withdrawal assessment for Alcohol questioner (Ciwa-ar) (Sullivan et al., 1989). The 124 

heavy drinking days of the past 6 weeks were recorded in the Timeline Follow Back Calendar 125 

(TLFB) (Sobell & Sobell, 1990) and Obsessive Compulsive Drinking Scale (OCDS) (Anton 126 

et al., 1996) was used to assess the overall recent alcohol craving (mean total score 18.05) 127 

 128 
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The exclusion criteria included diagnosis of concomitant psychiatric disorders, current use of 129 

addictive substances other than alcohol (excluding nicotine), mood-regulating medications, 130 

recent participation in a treatment program for alcohol use disorders, autism spectrum 131 

disorder (score ≥ 26 in Autism-Spectrum Quotient test, (Baron-Cohen et al., 2001)), 132 

dermatological conditions and cardiovascular or other clinically relevant unstable or 133 

untreated illnesses. 134 

 135 

Treatments 136 

 137 

To eliminate the social aspect present in human touch, we used a robotic device to provide 138 

the CT-optimal dynamic touch. Both CT-optimal touch treatment and the non-CT-optimal 139 

control treatment were performed with the same robotic device that provided dynamic back-140 

and forth strokes with a soft cosmetic brush on the skin of the left (non-dominant) forearm of 141 

the participants. The CT-optimal treatment was performed at a velocity of 2.5 to 3 cm/s and a 142 

force of 200 to 300 mN. The non-CT-optimal control treatment was performed with velocity 143 

of 0.1 to 0.2 cm/s and a force similar to the CT-optimal treatment. The device was visible to 144 

the participants during the experiment. 145 

 146 

The custom-made robot used for producing the haptic stimulation was designed in a similar 147 

way as in the study by Eriksson Hagberg et al  (2019) in which a similar stimulator was used 148 

to study activation of skin nerve fibers and related brain activity. Two pneumatic muscles 149 

were used to ensure the controlled distance, force, and velocity. The pneumatic muscles were 150 

operated with compressed air that was adjusted with a pneumatic control system located at a 151 

safe distance from the participant. The muscles were reinforced and supported with glass-152 

fiber composite tubes and plastic polypropylene connectors. The stimulator was equipped 153 

with an optoswitch to measure the velocity of the brush, and a load cell to measure the 154 

applied force on the skin and to identify the skin contact. A photograph of the robot is shown 155 

in Supplement 1. 156 

 157 

Stimuli 158 

 159 

To expose participants to triggers known to induce alcohol craving, the subjects were 160 

presented with alcohol-related and stress-inducing images. Neutral images that typically do 161 
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not induce craving, were shown as a control condition. The images for the neutral and stress 162 

stimuli were chosen from International Affective Picture System database (IAPS)(Lang, P.J. 163 

Bradley, M.M., & Cuthbert, 2008). Each set of images contained 30 pictures of one type of 164 

stimulus, each image being visible for 10 s. The images were presented on a 27 inch monitor 165 

(ThinkVision E27q-20, Lenovo, Quarry Bay, Hong Kong) located approximately 60 cm 166 

away from the participant. All participants were exposed to all three types of stimuli on 167 

separate consecutive sessions in the following order: neutral, stress-inducing, alcohol-related. 168 

The mean valence/arousal ratings for the selected neutral IAPS images were 6.4/3.3 and the 169 

images contained, for instance, landscapes and details of nature. The mean valence/arousal 170 

ratings for the selected stress-inducing images were 2.3/6.3 (range 1 to 9) and the images 171 

included, for instance, violence, mutilated or severely damaged human bodies and attacking 172 

animals. The alcohol-related images were chosen from The Geneva Appetitive Alcohol 173 

Picture database (GAAP) (Billieux et al., 2011), which contain images of alcoholic drinks, 174 

bars, night clubs, and people drinking. The alcohol-related visual material was adapted to suit 175 

the participant’s personal preference by ensuring that the material contains images of their 176 

preferred type of alcoholic beverage. In addition, the material was modified to be 177 

recognisable for the Finnish AUD patients, for example by replacing an image of a Swiss 178 

beer bottle with a Finnish equivalent sourced from the internet. 179 

HRV reactivity 180 

To assess autonomic functioning, HRV was derived from blood volume pulse (BVP) 181 

measured with Empatica E4 wrist band device (Empatica Inc., Milan, Italy) throughout each 182 

session excluding a 15-minute relaxation at the end of the session (Fig. 1). Of many HRV 183 

parameters, standard deviation of normal-to-normal intervals (SDNN) was selected, as CT-184 

optimal touch has been previously show to modulate SDNN (Triscoli et al., 2017). Kubios 185 

HRV Scientific software (Kubios Oy, Kuopio, Finland) was used to analyse HRV from the 186 

BVP data using automatic artefact correction. We analysed the mean SDNN HRV of four 5-187 

minute blocks from the following time points of each session: baseline, treatment minutes 5 188 

to 10, visual stimulation, treatment minutes 20 to 25 (recovery). To determine the HRV 189 

reactivity of each participant, the change of the SDNN HRV was calculated for each session 190 

by subtracting the baseline value from the stimulation value and for the whole experiment by 191 

subtracting the baseline value of the first session from the values of each time point of the 192 

whole experiment.  193 
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Subjective alcohol craving 194 

To assess the subjective alcohol craving, we asked the participants to rate their current 195 

craving on a 10-point horizontal visual analogue scale (VAS). The rating was performed at 196 

three timepoints per session; the baseline, after the visual stimuli and at the end of the 197 

treatment (Fig. 1.).  The lowest value (point 1) on the VAS equalled the statement “If alcohol 198 

was now available, I would not want to drink it at all”, whereas the highest value (the point 199 

10) equalled the statement “If alcohol was now available, I would not be able to resist 200 

drinking even if I tried”. The VAS was presented to the participant on the same screen as the 201 

visual stimuli and the participant gave the rating by saying aloud the number corresponding 202 

the current state of their subjective alcohol craving. 203 

Salivary cortisol level 204 

To assess the salivary cortisol levels, saliva samples were collected 5 times during each 205 

session (total 15 samples per participant) (Fig. 1.). The time points of the saliva collection 206 

were the baseline, after the first 10 minutes of the treatment, after the visual stimuli, at the 207 

end of the treatment and after the 15-minute relaxation period. The saliva was collected by 208 

placing a synthetic swab (Salivette Cortisol, Sarstedt Inc. Nümbrecht, Germany) between the 209 

tongue and the cheek of the participants for minimum 2 minutes after which it was placed in 210 

a plastic tube (Salivette) and stored in -20 C until the analysis. Once the samples were 211 

thawed, they were centrifuged in 1000 x g for 2 minutes. The samples were analysed with a 212 

competitive enzyme-linked immunosorbent assay (Cortisol free in Saliva ELISA DES6611, 213 

Demeditec Diagnostics GmbH, Kiel, Germany) and the optical density was determined at 214 

450 nm with a well-plate reader (FLUOstar Omega, BMG Labtech, Ortenberg, Germany). If 215 

the sample had less than 50 µl of saliva it was diluted to 1:2 or 1:5 ratio with Calibrator 0.   216 

The concentrations were interpolated from the absorbance values with GraphPad Prism v. 217 

10.1.1 software (GraphPad Software LLC, Boston, United States) using 4PL curve fit. 218 

Procedure 219 

The experiment included three consecutive sessions in which the participants were exposed 220 

to neutral, stress-inducing and alcohol-cue images with one type of stimuli per session while 221 

they received either the CT-optimal or the control treatment. The structure of one session is 222 

illustrated in Fig. 1.  223 
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At the start of each session, the participants were instructed to sit still in a comfortable 224 

position avoiding any movement. To block the noise from the pneumatic device participants 225 

were asked to wear earplugs. Each session started with a saliva sample and a VAS rating 226 

followed by the baseline BVP measurement. After this, the treatment was started and 227 

continued for 25 minutes including the 5-minute visual stimuli prestation in the middle. The 228 

treatment was followed by a 15-minute relaxation during which the participant was allowed 229 

to stand up, walk and move lightly. Total length of one session was approximately 47 230 

minutes.  231 

** Fig 1. ** 232 

After the three sessions participants had a chance to participate in a voice-guided relaxation 233 

session to ensure the absence of a possible craving or stress triggered by the experiment. In 234 

addition, all participants were offered a consultation of an addiction specialist physician after 235 

their participation.  236 

The study included a second visit that contained a cue-reactivity task test with pupillary 237 

reactivity and EEG measurements. The second experiment was followed by a two-week 238 

follow-up period during which the participants were asked to report the daily subjective 239 

craving, alcohol consumption and possible adverse events by filling an online diary. The 240 

results of the second experiment, as well as the follow-up, will be reported in separate 241 

publications. 242 

Statistical analysis 243 

 244 

Statistical analysis was performed with GraphPad Prism v. 10.1.1 software (GraphPad 245 

Software LLC, Boston, United States) software. Normality of the HRV reactivity data of 246 

each session was confirmed and the data was analysed with an unpaired t-test. The change of 247 

the mean HRV, the mean VAS craving ratings and the mean cortisol levels from the initial 248 

baseline throughout the whole experiment (all three sessions and all time points) were 249 

analysed independently with a repeated measures two-way analysis of variance (ANOVA). A 250 

multiple linear regression analysis was conducted with HRV reactivity of the alcohol-cue 251 

session as the dependent variable and treatment, initial baseline HRV, number of heavy 252 

drinking days in TLFB, OCDS score, the mean change of the craving ratings in VAS in 253 

alcohol-cue session and the mean initial baseline craving as independent variables.  254 
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 255 

Results 256 

 257 

HRV reactivity 258 

 259 

The HRV of two participants from the CT-optimal treatment group could not be analysed due 260 

to the irregular BVP data. Hence, the data of 9 participants from the CT-optimal group and 261 

10 from the control group were included in the analysis. The results of the unpaired t-tests of 262 

each sessions mean HRV change from the session’s baseline to the stimulation exposure (Fig. 263 

2) showed that the mean SDNN HRV of the CT-optimal treatment group was significantly 264 

reduced compared to the control group in alcohol-cue exposure (R2 = 0.3, 95% CI -22.71 to -265 

2.399, p = 0.0184). There were no differences in the mean HRV changes between the groups 266 

in neutral or stress-inducing stimulation. The individual values are visualized in Supplement 267 

2. The multiple linear regression analysis confirmed that treatment was the only factor having 268 

a significant interaction with the alcohol-cue elicited HRV change while neither of other 269 

analysed variables (the initial baseline HRV, number of heavy drinking days in TLFB, OCDS 270 

score, the mean change of the craving ratings in VAS in alcohol-cue session nor the mean 271 

initial baseline craving) were significantly associated with it. 272 

 273 

** Fig. 2 ** 274 

 275 

The mean HRV increased from the initial baseline of the experiment in both treatment groups 276 

during the neutral and stress-inducing sessions (Fig. 3). In the control group the increase was 277 

seen also during the alcohol-cue session. The results of the repeated measures two-way 278 

ANOVA showed that in the control group the chance of the HRV from the baseline was 279 

statistically significant (p < 0.05) at all analysed time points excluding the baseline 280 

measurement of the alcohol-cue session. In the CT-optimal treatment group the HRV was 281 

significantly increased from the baseline from the second timepoint of the stress session to 282 

the baseline of the alcohol-cue session. 283 

 284 

** Fig 3. ** 285 

 286 
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Subjective craving 287 

 288 

The mean ratings of subjective alcohol craving were significantly higher after alcohol-cue 289 

exposure than after the neutral stimuli exposure in both treatment groups based on the 290 

repeated measures two-way ANOVA (CT-optimal group CI 95% -1.964 to -0.2173, p = 291 

0.0194, control group CI 95% -2.469 to -0.5314, p = 0.0067) (Fig. 4). In the CT-optimal 292 

treatment group the mean rating after the presentation of alcohol-cues was also significantly 293 

higher than the mean craving after the stress stimuli exposure (CI 95% -1.901 to -0.09867, p 294 

= 0.0330). However, the stress stimuli did not induce significantly higher craving compared 295 

to the neutral stimuli in either group. The statistical analysis of the change of the mean 296 

craving ratings from the baseline showed no significant differences between the treatment 297 

groups at any timepoint. 298 

 299 

** Fig. 4 ** 300 

 301 

Salivary cortisol level 302 

 303 

Of the collected saliva samples 70 had to be discarded due to the insufficient amount of 304 

saliva. The data of the analysed samples of 18 participants (8 CT-optimal, 10 controls) were 305 

included in the mixed-model analysis which showed no significant differences between the 306 

groups in the change of the mean cortisol level. In both groups, the mean cortisol level 307 

dropped below the baseline 10 minutes after the stress exposure and remained lower than the 308 

baseline until the last measurement of the experiment (Fig. 5). However, this change was 309 

statistically significant only for the control group at the timepoint 25 minutes after the stress 310 

exposure. 311 

 312 

** Fig. ** 313 

 314 

Discussion 315 

 316 

To our knowledge the present study is the first randomized controlled trial investigating the 317 

effect of acute CT-optimal touch on cue-reactivity in AUD patients. Based on previous 318 
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evidence indicating that CT-optimal affective touch can modulate the functioning of the 319 

autonomic nervous system and physiological stress responses, we hypothesized that CT-320 

optimal touch may affect the cue-reactivity of abstinent AUD patients. In line with our 321 

hypothesis, our results revealed significant differences in HRV reactivity between the CT-322 

optimal touch treatment group and the non-CT-optimal touch control group during alcohol-323 

cue exposure, indicating a modulatory effect of CT-optimal touch on autonomic cue-324 

reactivity. Importantly, this effect was achieved with a robotic device, without the social 325 

elements of affective human touch.  326 

 327 

Contrary to the HRV patterns observed in healthy individuals, AUD patients typically exhibit 328 

a low relaxed state HRV which elevates in response to stress or alcohol-cues. A previous 329 

study by Garland et al. (2012) showed that abstinent AUD patients with a lower cue-elicited 330 

HRV were significantly less likely to relapse than those with a higher cue-elicited HRV, 331 

implying that HRV reactivity may serve as a physiological predictor of a relapse. Building on 332 

this foundation, we demonstrated that CT-optimal touch lowers the cue-elicited HRV in AUD 333 

patients. Our results suggest that CT activation may shift the HRV reactivity closer to that of 334 

a healthy social drinker or an AUD patient with a lower susceptibility to relapse. However, 335 

these results require to be replicated in a larger patient group and the possible clinical 336 

relevance must be evaluated outside the laboratory to investigate whether the physiological 337 

modulation translates into a reduction in relapses. 338 

 339 

Alongside the altered HRV, the AUD-related dysregulation of physiological stress responses 340 

manifests as a high baseline cortisol level that decreases in response to stress or cue exposure 341 

(Junghanns et al., 2005; Sinha, 2013a). Although we observed a reduction in cortisol 342 

concentrations after stress exposure in both groups, CT-optimal touch did not exert a notable 343 

effect on cortisol concentrations under any condition. This finding is consistent with the 344 

study by Triscoli et al. (2017), which demonstrated that CT-optimal robotic touch modulated 345 

HRV but not salivary cortisol levels in healthy subjects.  346 

 347 

Throughout the experiment, alcohol craving remained moderately low in both groups, 348 

although it significantly increased after exposure to alcohol cues. Environmental factors, such 349 

as the laboratory setting and the time of day, may have influenced these results. The type of 350 

treatment did not influence the subjective experience of alcohol craving which increased 351 

equally in both groups after the cue exposure. In addition, the differences in HRV reactivity 352 
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between the groups did not relate to the craving ratings. These results align with prior 353 

observations suggesting that physiological responses to alcohol-cues do not consistently 354 

correlate with conscious craving (Heinz et al., 2010). Importantly, physiological responses 355 

have been identified as more reliable predictors of relapse and addiction-related behavior 356 

than conscious substance craving (Heinz et al., 2010).  357 

 358 

In contrast to our hypothesis, no significant differences in HRV reactivity were observed 359 

between groups during the stress exposure. Additionally, neither group exhibited an increase 360 

in craving ratings in response to stress stimuli, suggesting that the chosen stimulation 361 

material failed to induce the intended psychosocial stress in this patient group, although 362 

similar visual stimuli have been successfully used in studies with AUD patients before 363 

(Garland et al., 2012).  364 

 365 

Several limitations need consideration regarding this study. Firstly, our sample size was 366 

smaller than initially intended due to challenges in recruiting patients who both met the 367 

inclusion criteria and attended the scheduled study visit. In the following studies, this 368 

challenge could be mitigated by including patients who are already committed to a treatment 369 

programme. In future investigations of stress-triggered craving, the type of stress stimuli 370 

should be reconsidered, and the stress experience should be assessed using additional tools to 371 

enhance the depth of understanding. 22% of the saliva sample were discarded because of 372 

insufficient amount of saliva, which may have affected the results of the cortisol reactivity. 373 

Future studies may benefit from utilizing serum cortisol instead of salivary cortisol for 374 

improved accuracy. Lastly, due to the nature of the intervention and design of the robotic 375 

device, double blinding was not possible as the velocity of the skin stroking was visible to the 376 

investigators. 377 

 378 

In conclusion, our study provides strong preliminary evidence that acute CT-optimal touch 379 

modulates HRV reactivity during alcohol-cue exposure in early abstinent AUD patients. The 380 

stress-regulating effects of CT-optimal touch make it a promising translational tool and a 381 

candidate for potential novel adjunctive therapeutic intervention in the context of AUD. 382 

Future research should focus on investigating the long-term outcomes to establish the clinical 383 

potential of CT-optimal touch in preventing relapses. 384 

 385 
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Fig. 1 The design of a single treatment session. The experiment included three consecutive 

sessions, each with one type of visual stimuli. The subjects were exposed to neutral, stress-

inducing or alcohol-related, images, while they received either the CT-optimal or the control 

treatment. 5 saliva samples were collected during each session. HRV was derived from the 

BVP that was measured throughout the experiment excluding the 15-minute relaxation in the 

end of each session. Subjective craving was assessed with VAS at the baseline, after the 

visual stimuli and after the 25-minute treatment. BVP = Blood volume pulse, HRV = heart 

rate variability, VAS = visual analog scale. 

 

Fig. 2 The mean change of the SDNN HRV between the baseline of the session and the 

visual stimuli exposure. The data is expressed as mean of the change. Positive values indicate 

increase of the HRV, whereas negative values indicate decrease. The chance is calculated by 

subtracting the SDNN HRV of the five-minute epoch of the visual stimuli exposure from the 

SDNN HRV of a five-minute epoch at the baseline of the session. The error bar indicates 

SEM. A = neutral visual stimuli. B = stress-inducing visual stimuli, C = alcohol-related 

visual stimuli, Control = non-CT-optimal treatment, CT-opt = CT-optimal treatment, HRV = 

heart rate variability, SEM = standard error of means, SDNN = Standard deviation of NN-

intervals * = p < 0.05. 
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Fig. 3 The mean change of the SDNN HRV throughout the whole experiment. The initial 

baseline is set as 0. The error bars indicate SEM. The asterisks indicate significant difference 

from the baseline. Control = non-CT-optimal treatment, CT-opt = CT-optimal treatment, bl = 

baseline, t 5-10 min = treatment minutes 5 to 10, stim = visual stimulus, rec = recovery, N = 

neutral stimuli, S = stress inducing stimuli, A = alcohol-related stimuli. SEM = standard error 

of means. * = p < 0.05, ** = p < 0.01. 

 
Fig. 4 The mean self-reported craving after each type of visual stimuli exposure. The error 

bars indicate SEM. Stim N = neutral visual stimuli, stim S = stress-inducing visual stimuli, 

stim A = alcohol-related visual stimuli. Control = non-CT-optimal treatment, CT-opt = CT-

optimal treatment. SEM = standard error of means. * = p < 0.05, ** = p < 0.01. 
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Fig. 5 The mean change of the salivary cortisol throughout the whole experiment. The initial 

baseline is set as 0. The error bars indicate SEM. The asterisk indicates significant difference 

from the baseline. Control = non-CT-optimal treatment, CT-opt = CT-optimal treatment, bl = 

baseline, t 5-10 min = treatment minutes 5 to 10, stim = visual stimulus, rec = recovery, N = 

neutral stimuli, S = stress inducing stimuli, A = alcohol-related stimuli. SEM = standard error 

of means. * = p < 0.05 
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• The stress-regulating effects of C-tactile (CT) -optimal touch are known but their 

therapeutic potential has not yet been investigated in translational studies. 

• This study provides the first evidence of clinical relevance of CT-optimal touch in 

management of substance dependence. 

• CT-optimal touch significantly lowers alcohol-cue-elicited heart rate variability, 

indicating lower relapse susceptibility in alcohol use disorder patients. 

• The ability of CT-optimal touch to modulate autonomic cue-reactivity, highlights the 

potential therapeutic benefits of affective touch in managing alcohol use disorder. 
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