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Supplemental Material
Individual cortisol response to acute stress influences neural processing of sexual cues
METHODS
Description of the Sexual Incentive Delay Task (SIDT)
All videos were rated in a pre-study by a sample of 58 heterosexual and bisexual men concerning pleasantness and sexual arousal with scales ranging from 1 to 9. The SEM videos were rated as highly pleasant (M = 6.20, SD = 1.12) and high sexual arousing (M = 6.29, SD = 1.34), while the massage videos were rated as medium pleasant (M = 5.44, SD = 0.97) and low sexual arousing (M = 1.86, SD = 0.81). The stimuli were presented with a resolution of 1920 x 1080 pixels by means of Presentation software package (Version 17.0, Neurobehavioral Systems, Inc., Berkeley, CA, www.neurobs.com). The SIDT consisted of 63 trials (21 SEM, 21 control, 21 none) with an anticipation and a consummatory phase. During the anticipation phase, three different geometric figures (diamond, square, parallelogram, grey on black background) were presented for 4 s announcing either a SEM clip (CueSEM), a control clip (CueControl) or none (CueNone). The assignment of the geometric figures to the CueSEM, CueControl, and CueNone was counterbalanced within the sample. The use of geometric figures has the advantage that there are no sexual related associations with these stimuli expectable. The participants were informed about the associations between cues and clips before the experiment started and gained experience with the cues through 21 training trials before entering the scanner. After the cues a fixation cross was presented for a variable duration between 1 to 3 s. Thereafter the target stimulus (white square, 200 x 200 pixels) was shown for several ms (min: 16 ms, max: 750 ms). The participants were instructed that they should react as quickly as possible, whenever the target stimulus was presented regardless of the cue shown before. If CueSEM or CueControl appeared and then the participants pressed the button while the target stimulus was visible, the participants ‘won’ a film clip. The target was followed by the presentation of another fixation cross for a variable interstimulus interval of 0–2 s. In case of a win (reaction within the required time window) SEM or the control clip were shown each for 6 s. If the trial started with CueNone or if the participants failed to react within the required time window, a black screen (None) was presented for 6 s. The sequence of win and no-win trials were partly determined in advance with planed 71% SEM wins, 71% control wins after CueSEM and CueControl, respectively. The planned wins and no-wins were realized by manipulation of the presentation duration of the target stimulus, which determined the possible reaction time window by an adaptive algorithm. The individual average reaction times (mean_RT) and standard deviations (SD_RT) were measured during the training trials before the main experiment and the target stimulus presentation times were calculated based on these values: For wins the reaction time window was mean_RT + 2 * SD_RT, for no-wins mean_RT – 2 * SD_RT. In case of non-intended wins the reaction time window was reduced by 20 ms, in case of non-intended non-wins the reaction time window was increased by 20 ms to ensure the planned reinforcement rates throughout the experiment. Mean values for the reaction times under the adaptive threshold were calculated for the conditions CueControl, CueSEM, CueNone (RT_CueControl, RT_CueSEM, RT_CueNone). The first three trials started with CueControl, CueSEM and CueNone in a randomized order, which was balanced across participants. Then 3 blocks with 6 trials each (2 CueControl, 2 CueSEM, 2 CueNone) followed. Within the blocks and over all the blocks the sequence was random with the restriction that the same condition was not presented more than two times in a row. The whole SIDT lasted around 21min. The SIDT is also described in the paper of Markert et al. (2021). 
Stress Induction and Saliva analysis
TSST (Kirschbaum et al., 1993) details: In a conference room with two unknown confederates (one man, one women) wearing white coats behind a conference table the male or female experimenter informed the members of the Stress group that the first part of the test consists of a fictive job interview with best performance demanded. After 1.5 min preparation participants filled in mood ratings (see below) and then gave an oral presentation for 5min standing in front of the fictive application committee and a recording video camera. The participants did not know how long their lecture will last. The committee gave neither verbal nor non-verbal feedback regarding the subject's performance. Any questions remained unanswered. Thereafter they underwent a mental arithmetic task continuously subtracting 17 starting at 2043. The participants were repeatedly reminded to calculate as fast as possible. If an error occurred, participants had to start again at 2043. Placebo-TSST (Het et al., 2009) details: Here, no application committee and no camera are present during the oral presentation. During the oral presentation, participants talked about a topic that was not personally related to performance (e.g., talk about a movie the recently watched). The mental arithmetic task consists of a counting numbers in steps of five starting with 5. 
At each saliva measurement point, the participants were instructed to put a synthetic fiber swab (blue cap Salivette® Cortisol, Sarstedt, Nuembrecht, Germany) into their mouths and gently move it around for 2 min (without chewing). The swabs were then transferred to the plastic containers and stored at -20oC until analysis. Salivary cortisol was quantitatively measured by means of a commercially available enzyme immunoassay kit (ELISA, TECAN, IBL International GmbH, Hamburg, Germany). Before processing samples according to the manufacturer’s instructions, Salivettes were centrifuged for 10min at 4000rpm. Samples were determined in duplicate. Mean intra- and inter-assay precision are 4.3% and 13.2%, respectively. 
Mood ratings
At four of the six time points of saliva samples (T0, T1, T4, T5), participants rated their positive and negative affect (PositiveMood_T0, PositiveMood_T1, PositiveMood_T4, PositiveMood_T5vog, NegativeMood_T0, NegativeMood_T1, NegativeMood_T4, NegativeMood_T5) by means of the Positive Affect and Negative Affect Scales (PANAS, Watson et al, 1988). Further, the state trait anxiety inventory (STAI, Spielberger et al., 1983) was used to measure the state anxiety. Visual analogue scales (VAS, 0-100) were applied for the experienced stress level (“I feel stressed”), pain level (“I feel pain”), and tiredness (“I feel tired”). These scales and the STAI were not considered in the present paper.
Procedure
At the beginning, the participants confirmed informed consent after the experiment was explained. Thereafter, the participants were asked to drink 200 ml of grape juice (and water for grape juice clearance) to stimulate saliva production. Then exhaled carbon monoxide (CO) was measured with a Micro 4 Smokerlyzer (Bedfont Scientific Ltd, Maidstone, Kent, UK; http://www.bedfont.com/smokerlyzer) to ensure that participants did not smoke at the day of the experiment. To further accustom the participants to the study environment they filled in a first packet of questionnaires regarding demographic aspects, current mood and emotional load lasting around 15 min. Thereafter the SIDT was explained in detail especially the meaning of the three cues and they underwent test trials on a computer to get familiar with the task and the keyboard (around 5 min). Then the first saliva sample was taken (T0). Now either the TSST or the Placebo-TSST were conducted depending on the random assignment of the participant to the Stress or the NoStress group (around 15 min). After finishing the TSST or the Placebo-TSST, a second saliva sample and mood ratings were taken (T1 = T0 + 24 min). Ten min after finishing the TSST or Placebo-TSST, a third saliva probe was collected (T2 = T0 + 34 min). After placing the participants in the scanner, first a localizer (14 s) and a fieldmap (4 min) were started. Then the SIDT was run (21 min) during functional MRI. Still lying still in the scanner the forth saliva sample was collected (T3 = T0 + 77 min). Then a second experiment with a monetary incentive delay task was started with around 15 min length. Finally a resting state measurement (duration: 11 min) took place. These data are not the focus of the present paper and are therefore not considered here. At the end of the scanner session an anatomical measurement took place (duration: 4 min). After leaving the scanner, the fifth saliva probe was collected (T4 = T0 + 137 min). Also the PANAS (Watson et al., 1988) was filled in for the third time. Then a hair sample was taken for measuring cumulative hair cortisol across the last two months. Finally, a second questionnaire set regarding personality traits was administered (duration: 50 min). Sixty minutes after the fifth saliva sample, the sixth saliva sample was taken (T5 = T0 + 197 min). During the collection of the sixth saliva sample, the PANAS (Watson et al., 1988) was filled in. At T0 and T1, STAI and VAS were additionally applied. Finally, all participants rated the 21 SEM clips and the 21 control clips on a valence dimension (“How pleasant do you find this clip?”, 9-point Likert scale from “not at all” to “very much”) and sexual arousal dimension (“How sexually arousing do you find this clip?”, 5-point Likert scale from “not at all” to “very much”). The clips were presented in a random order by a Presentation experiment and a keyboard with three buttons was used for the ratings (right, left, enter). The mean ratings of the SEM movies and control movies were calculated (Valence_Control, Valence_SEM, SexArousal_Control, SexArousal_SEM). The rating procedure lasted around 10 min. The whole study lasted around four hours.



RESULTS
Effect of stress induction – endocrinological data, behavioral data, subjective data
The concentration of α-amylase – an indicator of sympathetic activation – was affected by stress induction. The group (2) x time (6) ANOVA revealed a significant interaction (p < .001). Subsequent t-tests showed that the α-amylase concentration significantly differed only at T1 with higher values in the Stress group (p < .002, see Table S1). 
The stress induction also affected mood ratings measured by PANAS (Watson et al., 1988): The group (2) x time (4) ANOVA revealed a significant interaction for negative affect (p < .001). Subsequent t-tests showed that negative affect was significantly higher in the Stress group only at T1 (p < .001). For positive affect, only the factor time was significant (p < .001) indicating a decrease of positive affect over time. There were no significant differences between the Stress group and NoStress group with regard to positive affect (see Table S1). 

Table S1
Descriptive Statistics and Analyses of Variance for Cortisol Level, α-Amylase, PANAS, Reaction times, Valence and Sexual Arousal Ratings

	Variable
	Stress
	NoStress
	ANOVA

	
	M
	SD
	Range
	M
	SD
	Range
	Effect
	F
	df
	p
	partial η²

	Cortisol level
	
	
	
	
	
	
	
	
	
	
	

	T0
	6.55
	4.83
	0.80-25.19
	6.15
	4.22
	1.08-24.39
	G
	11.70
	1, 155
	.001
	.07

	T1
	10.64
	6.36
	1.49-26.38
	6.91
	5.89
	1.38-29.99
	T
	57.40
	2.5, 390.3
	<.001
	.27

	T2
	12.82
	8.45
	1.35-38.21
	6.71
	5.93
	1.21-33.19
	G x T
	19.56
	2.5, 390.3
	<.001
	.11

	T3
	8.65
	5.42
	0.97-25.02
	5.82
	4.63
	0.88-32.91
	
	
	
	
	

	T4
	5.61
	3.65
	0.66-18.40
	5.81
	4.19
	1.13-23.42
	
	
	
	
	

	T5
	3.89
	2.12
	0.86-11.12
	3.78
	2.09
	0.77-10.37
	
	
	
	
	

	α-amylase
	
	
	
	
	
	
	
	
	
	
	

	T0
	116.70
	75.79
	14.29-322.94
	112.15
	82.98
	2.89-587.72
	G
	1.81
	1, 143
	.181
	.01

	T1
	162.36
	86.14
	25.62-481.69
	107.01
	72.26
	3.58-411.84
	T
	22.12
	4.2, 598.4
	<.001
	.13

	T2
	112.87
	82.09
	3.98-323.24
	92.14
	69.23
	1.27-270.27
	G x T
	9.88
	4.2, 598.4
	<.001
	.06

	T3
	90.81
	64.31
	5.89-256.29
	84.62
	67.00
	0.59-248.62
	
	
	
	
	

	T4
	117.21
	77.20
	7.82-410.31
	113.77
	76.32
	4.01-485.70
	
	
	
	
	

	T5
	96.68
	60.49
	8.79-288.83
	101.44
	71.33
	1.53-296.87
	
	
	
	
	

	PANASneg
	
	
	
	
	
	
	
	
	
	
	

	T0
	12.29
	2.88
	10-24
	11.92
	2.76
	10-28
	G
	9.43
	1, 150
	.003
	.06

	T1
	17.72
	6.79
	10-36
	12.28
	3.64
	10-29
	T
	42.99
	2.0, 306.5
	<.001
	.22

	T4
	12.00
	3.22
	10-27
	12.37
	3.54
	10-31
	G x T
	32.38
	2.0, 306.5
	<.001
	.18

	T5
	11.67
	3.59
	10-35
	11.41
	2.45
	10-26
	
	
	
	
	

	PANASpos
	
	
	
	
	
	
	
	
	
	
	

	T0
	29.84
	5.84
	18-43
	29.16
	5.77
	14-42
	G
	0.67
	1, 150
	.415
	.00

	T1
	31.00
	6.68
	17-48
	29.66
	6.67
	14-44
	T
	82.49
	2.7, 402.9
	<.001
	.35

	T4
	25.49
	7.27
	13-41
	24.29
	6.96
	13-41
	G x T
	1.20
	2.7, 402.9
	.308
	.01

	T5
	25.42
	6.65
	13-41
	25.55
	7.33
	10-43
	
	
	
	
	

	Reaction time
	
	
	
	
	
	
	
	
	
	
	

	None trial
	293.51
	56.87
	187.85-433.33
	291.90
	70.57
	184.19-558.27
	G
	0.35
	1, 154
	.554
	.00

	Control trial
	285.57
	59.25
	194.36-471.06
	280.31
	61.56
	185.90-491.49
	TT
	161.86
	1.9, 291.7
	<.001
	.51

	SEM trial
	246.99
	44.94
	181.92-390.71
	238.86
	42.49
	179.50-368.02
	G x TT
	0.62
	1.9, 291.7
	.529
	.00

	Valence
	
	
	
	
	
	
	
	
	
	
	

	Control clips
	5.76
	1.20
	2.52-8.95
	5.52
	1.28
	2.95-8.86
	G
	0.56
	1, 155
	.454
	.00

	SEM clips
	6.32
	1.19
	2.95-8.86
	6.33
	1.17
	2.14-8.67
	CT
	30.11
	1, 155
	<.001
	.16

	
	
	
	
	
	
	
	G x CT
	1.03
	1, 155
	.312
	.01

	Sexual arousal
	
	
	1.00-4.95
	
	
	1.00-5.00
	
	
	
	
	

	Control clips
	1.99
	0.96
	2.24-8.81
	1.91
	0.95
	2.14-8.62
	G
	0.04
	1, 155
	.846
	.00

	SEM clips
	6.55
	1.16
	
	6.58
	1.19
	
	CT
	1703.69
	1, 155
	<.001
	.92

	
	
	
	
	
	
	
	G x CT
	0.25
	1, 155
	.620
	.00


Note. T0 = before TSST and placebo-TSST, respectively; T1 = after TSST; T2 = before entering the scanner; T3 = after sexual incentive delay task (SIDT); T4 = after leaving the scanner; T5: after filling in questionnaires; G = group; T = Time; TT = trial type; CT = clip type; PANAS = Positive Affect and Negative Affect Scales; SEM = sexually explicit material.



Table S2 
fMRI Analyses for Sexual Incentive Delay Task for the Whole Sample: Peak voxel and T Tests
	
	
	MNI coordinates 
of peak voxel
	
	

	Brain region
	Side
	x
	y
	z
	Tmax
	pFWE

	Contrast CueSEM – Cuecontrol

	ROI analyses

	Nucleus accumbens
	L
	-8
	10
	-4
	9.56
	<.001

	
	R
	8
	10
	-4
	9.08
	<.001

	Caudate nucleus
	L
	-8
	8
	0
	10.52
	<.001

	
	R
	10
	10
	0
	10.52
	<.001

	Putamen
	L
	-18
	12
	-8
	8.64
	<.001

	
	R
	16
	8
	-4
	8.46
	<.001

	Dorsal anterior cingulate cortex
	L
	-4
	14
	36
	12.49
	<.001

	
	R
	8
	10
	44
	12.87
	<.001

	Amygdala
	L
	-20
	-4
	-12
	4.18
	.003

	
	R
	20
	-2
	-12
	5.32
	<.001

	Insula
	L
	-32
	20
	6
	9.97
	<.001

	
	R
	32
	22
	6
	10.76
	<.001

	Orbitofrontal cortex
	L
	-18
	14
	-12
	7.80
	<.001

	
	R
	14
	16
	-12
	7.47
	<.001

	Thalamus
	L
	-10
	-2
	8
	8.28
	<.001

	
	R
	6
	-6
	10
	9.70
	<.001

	Whole brain analysis

	Frontal pole
	R
	32
	40
	32
	13.19
	<.001

	Supplementary motor cortex
	L/R
	0
	-2
	62
	13.02
	<.001

	Paracingulate gyrus
	R
	8
	10
	44
	12.87
	<.001

	Contrast DeliverySEM – Deliverycontrol

	ROI analyses

	Nucleus accumbens
	L
	-6
	10
	-8
	12.71
	<.001

	
	R
	6
	12
	-6
	11.75
	<.001

	Caudate nucleus
	L
	-6
	10
	0
	7.59
	<.001

	
	R
	14
	-8
	20
	7.62
	<.001

	Putamen
	L
	-18
	14
	-10
	8.73
	<.001

	
	R
	32
	-12
	-10
	9.89
	<.001

	Dorsal anterior cingulate cortex
	L
	-2
	10
	50
	5.89
	<.001

	
	R
	4
	4
	32
	12.31
	<.001

	Amygdala
	L
	-20
	-4
	-14
	15.23
	<.001

	
	R
	22
	-4
	-14
	16.11
	<.001

	Insula
	L
	-36
	-4
	14
	13.61
	<.001

	
	R
	38
	-2
	14
	13.12
	<.001

	Orbitofrontal cortex
	L
	-4
	44
	-18
	24.24
	<.001

	
	R
	8
	16
	-12
	13.15
	<.001

	Thalamus
	L
	-20
	-30
	-2
	30.85
	<.001

	
	R
	22
	-30
	0
	29.08
	<.001

	Whole brain analysis

	Thalamus
	L
	-22
	-30
	-4
	31.20
	<.001

	Intracalcarine cortex
	R
	8
	-86
	0
	30.36
	<.001

	Lateral occipital cortex
	R
	46
	-70
	-4
	29.97
	<.001


Note. FEW = family-wise error corrected for the number of voxels under analysis; ROI = region of interest.


Table S3
fMRI Analyses of the Sexual Incentive Delay Task Only for Stress Group: Peak voxel and T-Tests
	
	
	MNI coordinates 
of peak voxel
	
	

	Brain region
	Side
	x
	y
	z
	Tmax
	pFWE

	Contrast CueSEM – Cuecontrol

	ROI analyses

	Nucleus accumbens
	L
	-12
	12
	-6
	6.41
	<.001

	
	R
	10
	12
	-4
	6.25
	<.001

	Caudate nucleus
	L
	-8
	6
	0
	6.84
	<.001

	
	R
	10
	10
	0
	7.69
	<.001

	Putamen
	L
	-20
	14
	-10
	6.60
	<.001

	
	R
	18
	10
	0
	5.83
	<.001

	Dorsal anterior cingulate cortex
	L
	-6
	14
	36
	9.05
	<.001

	
	R
	6
	20
	32
	8.62
	<.001

	Amygdala
	L
	-20
	-4
	-12
	3.33
	.043

	
	R
	20
	-2
	-12
	4.53
	.001

	Insula
	L
	-34
	10
	8
	6.53
	<.001

	
	R
	44
	6
	0
	7.18
	<.001

	Orbitofrontal cortex
	L
	-20
	14
	-12
	6.43
	<.001

	
	R
	20
	12
	-16
	5.55
	<.001

	Thalamus
	L
	-12
	-6
	6
	6.01
	<.001

	
	R
	4
	-6
	6
	6.53
	<.001

	Whole brain analysis

	Superior frontal gyrus
	R
	8
	10
	60
	9.77
	<.001

	Anterior cingulate gyrus
	L
	-6
	14
	36
	9.05
	<.001

	Frontal pole
	R
	32
	40
	32
	18.99
	<.001

	Contrast DeliverySEM – Deliverycontrol

	ROI analyses

	Nucleus accumbens
	L
	-6
	10
	-8
	9.35
	<.001

	
	R
	6
	12
	-6
	9.42
	<.001

	Caudate nucleus
	L
	-6
	10
	0
	6.24
	<.001

	
	R
	14
	-8
	20
	6.33
	<.001

	Putamen
	L
	-30
	-12
	-10
	6.86
	<.001

	
	R
	32
	-14
	-6
	8.12
	<.001

	Dorsal anterior cingulate cortex
	R
	2
	6
	30
	9.37
	<.001

	Amygdala
	L
	-20
	-4
	-14
	11.50
	<.001

	
	R
	22
	-4
	-12
	12.16
	<.001

	Insula
	L
	-36
	-4
	14
	9.22
	<.001

	
	R
	38
	-2
	14
	9.79
	<.001

	Orbitofrontal cortex
	L
	-4
	42
	-18
	17.41
	<.001

	
	R
	8
	16
	-12
	9.99
	<.001

	Thalamus
	L
	-20
	-30
	-2
	19.60
	<.001

	
	R
	22
	-30
	0
	18.77
	<.001

	Whole brain analysis

	Thalamus
	L
	-22
	-30
	-4
	20.35
	<.001

	Intracalcarine cortex
	R
	8
	-86
	0
	20.82
	<.001

	Lateral occipital cortex
	R
	44
	-68
	-6
	20.31
	<.001


Note. FEW = family-wise error corrected for the number of voxels under analysis; ROI = region of interest.




Table S4
fMRI Analyses of the Sexual Incentive Delay Task Only for NoStress Group: Peak voxel and T-Tests
	
	
	MNI coordinates 
of peak voxel
	
	

	Brain region
	Side
	x
	y
	z
	Tmax
	pFWE

	Contrast CueSEM – Cuecontrol

	ROI analyses

	Nucleus accumbens
	L
	-6
	8
	-4
	7.69
	<.001

	
	R
	8
	8
	-4
	6.91
	<.001

	Caudate nucleus
	L
	-8
	10
	2
	8.66
	<.001

	
	R
	18
	10
	0
	7.61
	<.001

	Putamen
	L
	-22
	-2
	4
	6.28
	<.001

	
	R
	22
	2
	2
	7.29
	<.001

	Dorsal anterior cingulate cortex
	L
	-6
	30
	22
	8.89
	<.001

	
	R
	10
	10
	42
	10.01
	<.001

	Amygdala
	R
	18
	-4
	-12
	3.37
	0.041

	Insula
	L
	-36
	12
	4
	7.98
	<.001

	
	R
	38
	20
	-2
	8.47
	<.001

	Orbitofrontal cortex
	L
	-14
	38
	-4
	4.93
	.002

	
	R
	14
	20
	-12
	5.69
	<.001

	Thalamus
	L
	-8
	-10
	16
	6.99
	<.001

	
	R
	10
	-16
	-2
	8.41
	<.001

	Whole brain analysis

	Frontal pole
	R
	32
	40
	34
	9.95
	<.001

	Supplementary motor cortex
	L/R
	0
	0
	56
	10.25
	<.001

	Paracingulate gyrus
	R
	12
	14
	36
	10.02
	<.001

	Contrast DeliverySEM – Deliverycontrol

	ROI analyses

	Nucleus accumbens
	L
	-8
	12
	-10
	8.84
	<.001

	
	R
	6
	12
	-6
	7.50
	<.001

	Caudate nucleus
	L
	-6
	8
	0
	4.62
	.003

	
	R
	16
	-16
	22
	4.47
	.004

	Putamen
	L
	-18
	12
	-10
	6.08
	<.001

	
	R
	32
	-12
	-10
	6.55
	<.001

	Dorsal anterior cingulate cortex
	L
	-2
	20
	30
	5.65
	<.001

	
	R
	2
	4
	34
	8.92
	<.001

	Amygdala
	L
	-20
	-4
	-14
	10.06
	<.001

	
	R
	20
	-4
	-14
	11.35
	<.001

	Insula
	L
	-36
	-4
	14
	10.00
	<.001

	
	R
	38
	-2
	14
	8.74
	<.001

	Orbitofrontal cortex
	L
	-6
	44
	-18
	17.12
	<.001

	
	R
	8
	16
	-12
	8.72
	<.001

	Thalamus
	L
	-20
	-30
	-2
	24.70
	<.001

	
	R
	22
	-28
	2
	22.92
	<.001

	Whole brain analysis

	Thalamus
	L
	-20
	-30
	-2
	24.70
	<.001

	
	R
	22
	-28
	0
	23.84
	<.001

	Lingual Gyrus
	R
	10
	-88
	-2
	22.84
	<.001


Note. FWE = family-wise error corrected for the number of voxels under analysis; ROI = region of interest.
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