Acute Stress Reduces Affective Habituation to Unpleasant Odors in Men with Blunted Cortisol Reactivity
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Odor characteristics
Prior to the experiment, each participant rated the intensity, pleasantness, familiarity, arousal, and trigeminal sensation of four experimental odors — phenyl ethyl alcohol (PEA, 40% v/v, “rose-like”), orang oil (17% v/v, “citral-like”), 4-Methylpentanoic acid (1.25% v/v, “sweaty socks”), and 1-butanol (1.25% v/v, “pen-marker like”) — using a 100mm Visual Analogue Scale (VAS). Results revealed no significant differences between positive-valenced odors (PVO) and negative-valenced odors (NVO) in perceived intensity, arousal, or trigeminal sensation. However, PVO were rated as significantly more pleasant and familiar than NVO (Table S1).

	Table S1. Odor characteristics evaluation (N = 40).

	Variable
	Odor category score

	　
	PVO
	NVO
	p value

	Intensity 
	56.8 (13.1)
	60.4(17.6)
	0.211

	Pleasantness
	63.4 (15.7)
	21.6(13.7)
	<0.001

	Familiarity
	59.5 (17.9)
	44.0 (15.9)
	<0.001

	Arousal 
	49.7 (17.4)
	49.2 (21.1)
	0.891

	Trigeminality 
	21.2 (18.0)
	23.7 (22.8)
	0.391

	Data presented as Mean (Standard Deviation). PVO, positive-valenced odor; NVO, negative-valenced odors.
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	Table S2. Correlation between affective and intensity habituation to PVO or NVO in the stress and control conditions (N = 35)

	
	1
	2
	3
	4
	5
	6
	7
	8

	1 NVO_Control_Int.
	1
	
	
	
	
	
	
	

	2 NVO_Control_Aff.
	-0.421*
	1
	
	
	
	
	
	

	3 NVO_Stress_Int.
	0.112
	-0.132
	1
	
	
	
	
	

	4 NVO_Stress_Aff.
	0.129
	0.156
	-0.213
	1
	
	
	
	

	5 PVO_Control_Int.
	0.285
	-0.144
	-0.220
	-0.100
	1
	
	
	

	6 PVO_Control_Aff.
	0.254
	-0.376*
	-0.029
	-0.002
	0.388*
	1
	
	

	7 PVO_Stress_Int.
	0.265
	-0.164
	0.368*
	0.225
	0.027
	0.320
	1
	

	8 PVO_Stress_Aff.
	0.012
	-0.244
	0.063
	-0.202
	0.130
	0.224
	0.165
	1

	*significant at p < 0.05. PVO, positive-valenced odor; NVO, negative-valenced odors. Int., Intensity; Aff., Affective.





	Table S3. Correlation between stress-induced changes in cortisol and subjective measurements and changes in Habituation Slope (N = 34)

	
	∆cortisol response
	∆subjective stress
	∆subjective pain
	∆PVO affective habituation
	∆PVO intensity habituation
	∆NVO affective habituation
	∆NVO intensity habituation

	∆cortisol response
	1
	
	
	
	
	
	

	∆subjective stress
	0.402*
	1
	
	
	
	
	

	∆subjective   pain
	0.275
	0.661**
	1
	
	
	
	

	∆PVO affective habituation
	-0.038
	-0.185
	-0.082
	1
	
	
	

	∆PVO intensity habituation
	0.217
	0.085
	0.075
	0.033
	1
	
	

	∆NVO affective habituation
	0.332#
	0.364*
	0.340*
	-0.201
	0.206
	1
	

	∆NVO intensity habituation
	0.126
	-0.080
	0.073
	0.202
	0.338
	-0.317
	1

	All variables represent the difference between the stress and control conditions (Stress - Control); cortisol response was calculated as the change from T1 to T3, while subjective pain and stress were calculated as changes from T1 to T2. Significance levels are indicated as *p < 0.05; **p < 0.01; *** p < 0.001. # p = 0.055
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	Table S4．Demographic characteristics of participants (N = 40)

	　
	Mean (SD)

	Age
	21.82 (2.02)

	Body Mass Index
	22.79 (1.80)

	Depression
	2.40 (3.00)

	Perceived Stress Scale
	29.27 (6.21)

	Trait Anxiety
	38.55 (7.70)

	SD, Standard Deviation; 





	Table S5. Raw data of salivary cortisol (nmol/L) Missing cortisol data are noted as “-”

	ID
	Control_T1
	Control_T2
	Control_T3
	Control_T4
	Control_T5
	Stress_T1
	Stress_T2
	Stress_T3
	Stress_T4
	Stress_T5

	1
	5.48 
	4.76 
	2.88 
	2.48 
	1.98 
	-
	-
	-
	-
	-

	2
	2.60 
	2.50 
	3.58 
	2.24 
	3.82 
	7.58
	4.45
	10.81
	8.47
	5.01

	3
	6.73 
	6.95 
	5.89 
	5.75 
	4.27 
	15.23
	10.37
	41.87
	27.46
	26.47

	4
	7.89 
	8.78 
	5.70 
	3.21 
	3.21 
	10.26
	14.62
	6.98
	6.04
	3.91

	5
	2.17 
	3.66 
	2.67 
	1.32 
	1.74 
	5.44
	5.13
	4.29
	9.06
	4.92

	6
	5.14 
	2.74 
	3.27 
	3.40 
	3.79 
	5.57
	1.86
	27.29
	12.56
	7.94

	7
	11.06 
	31.70 
	17.44 
	9.61 
	11.63 
	15.95
	13.93
	12.13
	12.26
	10.23

	8
	3.20 
	3.41 
	0.35 
	4.22 
	4.66 
	3.19
	2.73
	12.96
	7.82
	6.12

	9
	-
	17.08 
	12.76 
	6.54 
	6.80 
	-
	-
	44.13
	-
	-

	10
	7.71 
	13.05 
	8.13 
	2.25 
	5.32 
	13.82
	12.79
	9.64
	6.66
	5.28

	11
	4.42 
	-
	-
	-
	3.95 
	10.23
	9.77
	8.43
	10.84
	10.42

	12
	3.55 
	4.26 
	4.49 
	3.20 
	2.54 
	9.87
	7.96
	14.23
	7.03
	6.38

	13
	5.78 
	2.96 
	2.70 
	2.78 
	3.93 
	9.15
	13.56
	49.16
	19.1
	21.65

	14
	-
	-
	-
	-
	-
	3.69
	27.46
	21.16
	9.54
	10.53

	15
	-
	4.38 
	-
	3.50 
	5.66 
	8.43
	9.01
	-
	9.93
	7.27

	16
	2.89 
	3.99 
	3.18 
	3.34 
	2.44 
	10.53
	9.49
	7.43
	4.59
	-

	17
	5.41 
	4.42 
	3.45 
	2.86 
	3.63 
	-
	-
	-
	-
	-

	18
	3.29 
	4.57 
	2.82 
	2.36 
	1.83 
	3.98
	5
	3.01
	2.7
	2.7

	19
	5.78 
	4.71 
	5.36 
	3.57 
	1.97 
	6.82
	7.07
	26.15
	9.85
	10.15

	20
	4.29 
	2.38 
	2.73 
	3.48 
	4.19 
	-
	3.19
	6.76
	6.26
	-

	21
	1.87 
	1.56 
	1.26 
	0.87 
	0.94 
	1.7
	4.73
	3.55
	1.98
	1.7

	22
	5.11 
	3.95 
	2.55 
	2.87 
	2.73 
	1.53
	2.37
	30.36
	22.36
	18.94

	23
	6.80 
	6.83 
	6.29 
	4.68 
	4.76 
	7.16
	6.91
	6.87
	5.31
	2.7

	24
	4.70 
	0.09 
	4.62 
	1.98 
	2.29 
	-
	-
	-
	-
	-

	25
	6.39 
	5.46 
	3.62 
	1.78 
	4.22 
	11.04
	12.3
	17.53
	11.96
	14.34

	26
	5.39 
	4.23 
	4.01 
	3.46 
	5.80 
	9.88
	8.88
	13.3
	13.4
	11.31

	27
	0.95 
	2.69 
	2.27 
	2.92 
	1.83 
	2.78
	4.06
	14.29
	8.91
	5.94

	28
	2.77 
	-
	-
	-
	-
	-
	2.31
	16.35
	11.88
	6.99

	29
	4.79 
	4.99 
	2.23 
	2.42 
	3.06 
	2.88
	2.35
	16.53
	7.9
	7.64

	30
	4.52 
	7.58 
	3.55 
	5.38 
	3.96 
	4.25
	4.24
	-
	1.43
	1.31

	31
	2.89 
	7.93 
	4.95 
	5.40 
	2.85 
	3
	7.04
	4.88
	4.4
	3.87

	32
	3.01 
	2.12 
	2.88 
	2.95 
	1.77 
	2.5
	1.99
	4.14
	2.23
	1.9

	33
	4.20 
	5.12 
	5.92 
	3.08 
	5.49 
	13.17
	3.66
	2.91
	2.54
	3.8

	34
	2.92 
	2.37 
	3.45 
	4.42 
	3.04 
	1.7
	2.28
	3.12
	1.99
	-

	35
	5.29 
	2.70 
	5.06 
	2.40 
	2.80 
	1.68
	1.52
	8.8
	5.93
	2.99

	36
	6.52 
	8.30 
	14.58 
	6.52 
	4.75 
	11.44
	10.06
	32.94
	8.51
	10.54

	37
	7.81 
	6.65 
	4.68 
	3.89 
	3.38 
	3.17
	2.99
	16.14
	8.25
	4.78

	38
	6.39 
	5.46 
	3.62 
	1.78 
	4.22 
	-
	-
	-
	9.45
	10.76

	39
	5.70 
	7.77 
	7.79 
	3.99 
	5.18 
	3.07
	3.73
	27.74
	9.34
	8.41

	40
	3.72 
	3.34 
	3.27 
	2.85 
	3.70 
	4.34
	4.19
	17.15
	7.71
	7.8




	Table S6. Salivary cortisol after supplementing using multiple imputation (nmol/L); supplemented data values are in bold; *indicates data exclusion for these participants (N = 4)

	ID
	Control_T1
	Control_T2
	Control_T3
	Control_T4
	Control_T5
	Stress_T1
	Stress_T2
	Stress_T3
	Stress_T4
	Stress_T5

	[bookmark: _Hlk165667661]1*
	5.48
	4.76
	2.88
	2.48
	1.98
	-
	-
	-
	-
	-

	2
	2.60
	2.50
	3.58
	2.24
	3.82
	7.58
	4.45
	10.81
	8.47
	5.01

	3
	6.73
	6.95
	5.89
	5.75
	4.27
	15.23
	10.37
	41.87
	27.46
	26.47

	4
	7.89
	8.78
	5.70
	3.21
	3.21
	10.26
	14.62
	6.98
	6.04
	3.91

	5
	2.17
	3.66
	2.67
	1.32
	1.74
	5.44
	5.13
	4.29
	9.06
	4.92

	6
	5.14
	2.74
	3.27
	3.40
	3.79
	5.57
	1.86
	27.29
	12.56
	7.94

	7
	11.06
	31.70
	17.44
	9.61
	11.63
	15.95
	13.93
	12.13
	12.26
	10.23

	8
	3.20
	3.41
	0.35
	4.22
	4.66
	3.19
	2.73
	12.96
	7.82
	6.12

	9
	9.25
	17.08
	12.76
	6.54
	6.80
	7.68
	15.33
	44.13
	15.34
	15.65

	10
	7.71
	13.05
	8.13
	2.25
	5.32
	13.82
	12.79
	9.64
	6.66
	5.28

	11
	4.42
	16.96
	8.08
	6.16
	3.95
	10.23
	9.77
	8.43
	10.84
	10.42

	12
	3.55
	4.26
	4.49
	3.20
	2.54
	9.87
	7.96
	14.23
	7.03
	6.38

	13
	5.78
	2.96
	2.70
	2.78
	3.93
	9.15
	13.56
	49.16
	19.1
	21.65

	14*
	-
	-
	-
	-
	-
	3.69
	27.46
	21.16
	9.54
	10.53

	15
	6.95
	4.38
	8.63
	3.50
	5.66
	8.43
	9.01
	17.06
	9.93
	7.27

	16
	2.89
	3.99
	3.18
	3.34
	2.44
	10.53
	9.49
	7.43
	4.59
	7.65

	17*
	5.41
	4.42
	3.45
	2.86
	3.63
	-
	-
	-
	-
	-

	18
	3.29
	4.57
	2.82
	2.36
	1.83
	3.98
	5
	3.01
	2.7
	2.7

	19
	5.78
	4.71
	5.36
	3.57
	1.97
	6.82
	7.07
	26.15
	9.85
	10.15

	20
	4.29
	2.38
	2.73
	3.48
	4.19
	5.27
	3.19
	6.76
	6.26
	4.11

	21
	1.87
	1.56
	1.26
	0.87
	0.94
	1.7
	4.73
	3.55
	1.98
	1.7

	22
	5.11
	3.95
	2.55
	2.87
	2.73
	1.53
	2.37
	30.36
	22.36
	18.94

	23
	6.80
	6.83
	6.29
	4.68
	4.76
	7.16
	6.91
	6.87
	5.31
	2.7

	24*
	4.70
	0.09
	4.62
	1.98
	2.29
	-
	-
	-
	-
	-

	25
	6.39
	5.46
	3.62
	1.78
	4.22
	11.04
	12.3
	17.53
	11.96
	14.34

	26
	5.39
	4.23
	4.01
	3.46
	5.80
	9.88
	8.88
	13.3
	13.4
	11.31

	27
	0.95
	2.69
	2.27
	2.92
	1.83
	2.78
	4.06
	14.29
	8.91
	5.94

	28
	2.77
	1.97
	2.67
	4.30
	4.10
	5.72
	2.31
	16.35
	11.88
	6.99

	29
	4.79
	4.99
	2.23
	2.42
	3.06
	2.88
	2.35
	16.53
	7.9
	7.64

	30
	4.52
	7.58
	3.55
	5.38
	3.96
	4.25
	4.24
	20.77
	1.43
	1.31

	31
	2.89
	7.93
	4.95
	5.40
	2.85
	3
	7.04
	4.88
	4.4
	3.87

	32
	3.01
	2.12
	2.88
	2.95
	1.77
	2.5
	1.99
	4.14
	2.23
	1.9

	33
	4.20
	5.12
	5.92
	3.08
	5.49
	13.17
	3.66
	2.91
	2.54
	3.8

	34
	2.92
	2.37
	3.45
	4.42
	3.04
	1.7
	2.28
	3.12
	1.99
	2.22

	35
	5.29
	2.70
	5.06
	2.40
	2.80
	1.68
	1.52
	8.8
	5.93
	2.99

	36
	6.52
	8.30
	14.58
	6.52
	4.75
	11.44
	10.06
	32.94
	8.51
	10.54

	37
	7.81
	6.65
	4.68
	3.89
	3.38
	3.17
	2.99
	16.14
	8.25
	4.78

	38
	6.39
	5.46
	3.62
	1.78
	4.22
	13.54
	11.94
	16.55
	9.45
	10.76

	39
	5.70
	7.77
	7.79
	3.99
	5.18
	3.07
	3.73
	27.74
	9.34
	8.41

	40
	3.72
	3.34
	3.27
	2.85
	3.70
	4.34
	4.19
	17.15
	7.71
	7.8




	Table S7. Results of the generalized linear mixed model (N =35) with stimuli presentation order modeled

	Dependent 
variable
	Independent 
variable
	F-value
	p-value
	AIC
	BIC

	Affective Habituation Slope
	Condition
	F(1,149) = 22.6
	< 0.001
	336.5
	354.0

	
	Odor valence
	F(1,149) = 51.4
	< 0.001
	336.5
	354.0

	
	Order effect
	F(1,149) = 1.6
	0.204
	336.5
	354.0

	
	Odor valence × Condition
	F(1,149) = 1.2
	0.270
	336.5
	354.0

	
	PVOa
	F(1,149) = 28.6
	< 0.001
	336.5
	354.0

	
	NVOb
	F(1,149) = 4.7
	0.031
	336.5
	354.0

	Intensity Habituation Slope
	Condition
	[bookmark: OLE_LINK19][bookmark: OLE_LINK14]F(1,42) = 0.5
	0.471
	465.9
	483.2

	
	Odor valence
	F(1,30) = 15.2
	0.001
	465.9
	483.2

	
	Order effect
	F(1,83) = 0.3
	0.590
	465.9
	483.2

	
	Odor valence × Condition
	F(1,38)  = 6.0
	0.019
	465.9
	483.2

	
	PVOa
	F(1,34)  = 0.3
	0.599
	465.9
	483.2

	
	NVOb
	F(1,46) = 3.6
	0.064
	465.9
	483.2

	PVO, positive-valenced odor; NVO, negative-valenced odor. Odor familiarity and Arousal were included in the model as covariates; PVOa Effect of condition for positive-valenced odors; NVOb Effect of condition for negative-valenced odors.





Figure S1. Linear trends in the intensity and pleasantness ratings of positive-valenced odors (PVO) and negative-valenced odors (NVO) across the trials of exposures. (a) Under control conditions, the intensity of PVO showed a significant linear trend with the number of exposures (R²adjusted = 0.018, p < 0.001); (b) Under control conditions, the pleasantness of PVO showed a significant linear trend with the number of exposures  (R²adjusted = 0.014, p = 0.002); (c) Under control conditions, the intensity of NVO showed a significant linear trend with the number of exposures (R²adjusted = 0.068, p < 0.001); (d) Under control conditions, the pleasantness of NVO showed a significant linear trend with the number of exposures (R²adjusted = 0.033, p < 0.001); (e) Under stress conditions, the intensity of PVO showed a significant linear trend with the number of exposures  (R²adjusted = 0.007, p = 0.021); (f) Under stress conditions, the pleasantness of PVO showed a significant linear trend with the number of exposures (R²adjusted = 0.057, p < 0.001); (g) Under stress conditions, the intensity of NVO showed a significant linear trend with the number of exposures (R²adjusted = 0.025, p < 0.001); (h) Under stress conditions, the pleasantness of NVO showed a significant linear trend with the number of exposures  (R²adjusted = 0.012, p = 0.003).
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