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Abstract
The effects of stress on certain cognitive functions and the neuroendocrine mechanisms mediating such effects are not well understood. Given the interrelationship between sex hormones and both the sympathetic nervous system (SNS) and the hypothalamic-pituitary-adrenal axis (HPA-A), we examined their combined effect on stress-induced modulation of declarative memory and visuospatial abilities. Before and after exposure either to the Trier Social Stress Test (TSST) procedure or to a nonstress condition, 112 participants completed a mental rotation test and the Rey Auditory Verbal Learning Test (RAVLT). We analyzed HPA-A and SNS reactivity by measuring cortisol and salivary alpha-amylase (sAA, an SNS activation marker) in four saliva samples. In addition, testosterone, estrogen, and progesterone were sampled before the stress exposure, and their ratio to each stress reactivity marker was calculated. The TSST enhanced performance on the mental rotation task, but attenuated recall following interference on the declarative memory task. Importantly, controlling for testosterone, estrogen, and progesterone diminished these effects of stress, suggesting the involvement of sex hormones in stress-induced modulation of these cognitive functions. Furthermore, post-stress mental rotation performance and declarative memory were negatively correlated with the testosterone-to-cortisol ratio, and post-stress declarative memory was negatively correlated with the progesterone progesterone-to- sAA ratio was negatively correlated with post-stress declarative memory. These findings suggest that the effects of stress over on cognitive performance depend on the type of cognitive function and are modulated by sex hormones. The findingsThey also provide a preliminary indication for specific modulatory interrelationships between sex hormones and neuroendocrine stress mechanisms in mediating the effects of stress over on cognition.  
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1. Introduction	Comment by Microsoft Office User: AU: OK to add "and Review of the Literature"?
Exposure to stress can affect cognitive functioning such as declarative memory (Espin et al., 2013) and visuospatial abilities (Richardson and VanderKaay, 2011). Stress activates two neurobiological stress systems: the sympathetic nervous system (SNS) and the hypothalamic-pituitary-adrenal axis (HPA-A). The hypothalamus induces the SNS to secrete adrenaline and noradrenaline and stimulates the HPA-A, leading to cortisol secretion. The hypothalamus; it also regulates the secretion of sex hormones (estrogen, progesterone, and testosterone) through the hypothalamic-pituitary-gonadal axis (HPG-A) (Handa and Weiser, 2014). Given the interrelationship between the neuroendocrine stress systems and sex hormones (Juster et al., 2016), this study examined their combined effect over on stress-induced modulation of declarative memory and visuospatial abilities.
The literature on the effects of acute stress over on different cognitive abilities is has produced inconsistent findings. In relation to declarative memory, some studies demonstrated stress-induced impairments in encoding (e.g., Payne et al., 2007), while whereas others demonstrated found enhancements (e.g., Smeets et al., 2007). Only a few studies have examined the impact of stress on visuospatial abilities, producing and they also have had mixed results. Psychosocial stress improved performance on spatial navigation (Duncko et al., 2007) and on spatial memory in one study (Luethi et al., 2009), but had no impact on it in another (Hoffman and al'Absi, 2004). Studies investigating the involvement of physiological stress mechanisms in stress-induced modifications of cognitive performance also have yielded mixed inconsistent results. Specifically, the association between cortisol reactivity to stressors and declarative memory performance was negative in some studies (Kirschbaum et al., 1996a), but positive in others (Nater et al., 2007). This discrepancy may have partially resulted from subjects’ the diversevarying levels of sensitivity to the effects of cortisol of on the different declarative memory tests used. The few studies examining the impact of SNS activation on memory performance, usually usingmost of which used salivary alpha alpha-amylase (sAA) as a marker for SNS activity (Nater and Rohleder, 2009), generally did not find an association between stress-induced memory impairments and SNS activation (e.g., Hidalgo et al., 2015).
To the best of our knowledge, the relationship between stress-induced cortisol reactivity and visuospatial abilities was has not yet not been successfully examined to dateeffectively. In one study a stressor somewhat impaired navigation performance, but did not affect cortisol secretion was not influenced by it (Richardson and VanderKaay, 2011). Cortisol levels in non-stress conditions were not correlated with mental rotation abilities (McCormick et al., 2007). Finally, cortisol administration impaired spatial performance (Young et al., 1999), though cortisol levels in these studies were high in relation to the physiological range and their induction was not in the context of a response to stress response.
Cognitive performance may also be modified by sex hormones, though the evidence are here is mixed as wekk. For example, a positive associations between verbal memory and both estrogen (Drake et al., 2000) and progesterone (Henderson et al., 2013) was demonstrated in women in some studies, but not in others (e.g., Halari et al., 2005). Importantly, data suggest that sex hormones may influence cognitive performance also via through the interaction with physiological stress mechanisms. Supporting the possibility of such an interactive effect, estrogen, progesterone, and testosterone were shown to influence the activity of different segments of the HPA-A (Handa and Weiser, 2014), and may modulate the HPA and SNS response to stressors in a manner dependent on sex and hormonal state. Specifically, cortisol response to stressors was higher in women in the luteal phase of their menstrual cycle compared to women in the late follicular phase (high estrogen levels) or women using oral contraceptives (Kajantie and Phillips, 2006), and estrogen was negatively associated with the SNS response to stressors (Sita and Miller, 1996). Moreover, estrogen administration attenuated the cortisol response and SNS responsees to stress in menopausal and perimenopause perimenopausal women (Herrera et al., 2017), but and had opposite effects in men (Kirschbaum et al., 1996b). Similarly, bBasal progesterone levels were negatively associated with cortisol levels in men (Juster et al., 2016) and women in the follicular phase (Stephens et al., 2016), and progesterone administration suppressed cortisol response (Childs et al., 2010) and SNS responses (Del Rio et al., 1998) to stressors (Del Rio et al., 1998). Last, tTestosterone negatively correlated with cortisol response in men and menopause menopausal women (Juster et al., 2016).	Comment by Microsoft Office User: AU: Please supply Stephens et al. 2016, Childs et al. 2010, and Del Rio et al. 1998 cites. 
Few A few studies suggest that the modulation of stress mechanisms by sex hormones may influence the effects of stress over of memory, but again the findings are inconsistent. Specifically, stress-induced cortisol increase and declarative memory performance were found to be negatively associated in men, but not in women in the luteal phase (Wolf et al., 2001). However, in other studies they were positively associated in men and women using oral contraceptives, but not in women in the luteal phase or the follicular phase (Espin et al., 2013). Currently, there are few details of the putative interactions between particular sex hormones and neuroendocrine stress reactivity in influencing the effects of stress on declarative memory are lacking. 
Sex hormones and stress systems may also influence visuospatial abilities. Men usually outperform women in visuospatial tasks in general and in mental rotation in particular (Halpern, 2012). However, while although mental rotation performance and testosterone were positively correlated in a few studies (e.g., Barel and Tzischinsky, 2017), other studies found no correlation or a negative correlation (Halari et al., 2005). Additionally, a positive association between estrogen and mental rotation abilities was demonstrated in men, but not in women (Barel and Tzischinsky, 2017). A possible HPA-–HPG (HPG hypothalamic-pituitary-gonadal) interaction in stress-induced modulation of visuospatial abilities is suggested by a study demonstrating that estrogen administration to elderly women increased cortisol stress reactivity and mental rotation performance (Duka et al., 2000), and by another a study demonstratingone showing that psychosocial stress improved spatial navigation in women, but not in men (Thomas et al., 2010). Thus, the limited data suggests that stress may enhance performance on visuospatial tasks, and the inconsistent findings regarding the contribution of neuroendocrine stress systems and sex hormones to performance on these tasks may suggest an interactive effect of these systems. 
The current study aimed at examiningexamined the interaction between the stress systems (SNS and HPA-A) and sex hormones in mediating the effects of psychosocial stress on tasks involving declarative memory and mental rotation performance. We hypothesized that stress will would alter performance on these tasks, and that the modulation will would depend on the interaction between stress and reproduction systems, as reflected by the ratio of sex hormones to cortisol and sAA. 
2. Methods
2.1. Participants 
The study sample included 112 young (M = 24.61, SD = 2.60) men (N = 39) and women (N = 73). Of the female participants, 37 were taking oral contraceptives (Oral Contraceptives group; OC). The other 36 were not using oral contraceptives and were at the mid mid-luteal phase (day 21) of their menstrual cycle at the time of the study (Luteal Phase group; LP). Participants were recruited from among college students by advertisements. After signing an informed consent form, the volunteers completed a questionnaire regarding their health, habits, and demographic details to verify that they met the inclusion criteria: participants could have no serious medical, gynecological, or hormonal problems; non-smokers;; no ADHD; or learning disabilities, and they had to be nonsmokers. In addition, women to be included in the OC group, women had to use were all using contraceptive pills containing 25 mg of estrogen (Ethinylestradiol) and 75 mg of progestin (Gestodene). These doses are considered moderate and are commonly prescribed. The women included in the LP group had notcould not have used been using oral contraceptives for at least six months prior to the study, had a regular menstrual cycle, and were not pregnant or lactating. These participants were monitored for at least 3 months prior to the study in order to verify the regularity of their cycle, and were reported for testing summoned to the research laboratory on the 21st twenty-first day of their cycle, using the day of onset of the last menstruation as a reference point. Participants had to be awake for at least 1 hour before testing in order to enable control for of circadian fluctuations in cortisol. 	Comment by Microsoft Office User: AU: Where were the advertisements placed? Online, flyers on campus, in publications?

The Institutional Ethics Review Board approved the complete study protocol. Each volunteer that who was accepted to the study received $25 in$ compensation.
2.2. Experimental Procedure 
Experimental The experimental sessions took place in the laboratory of the university’s Psychology Department between 8:00–10:00 AM and 10 AMAM on a single day. Participants from each group (manmales, OC, LP) were randomly assigned to one of the two experimental groups: stress and control. The study design allowed all participants to undergo all the procedures in a single experimental session that was composed of the followinghad three consecutive stages (see fig. 1): A(1) completion of the mental rotation test and the Rey Auditory Verbal Learning Test (RAVLT); B(2) the Trier Social Stress Test procedure or the control condition (20 minutes); and C(3) completion of the RAVLT and the mental rotation test and the RAVLT (20 minutes). The stimuli included in the tests and their order differed between in stage Stages A 1 and C 3and the order of the tests in each stage was counterbalanced. The participants provided saliva samples at four assessment points: T1 (baseline: 8-:00–8:30 AM), T2 (immediately following the TSST/control), T3 (T2+ 10 minutes), and T4 (T3+ 10 minutes). For the T1 sample, participants provided 5 ml of saliva, which was used for evaluatingto evaluate levels of testosterone, estrogen, and progesterone, as well as baseline levels of cortisol and sAA. For the remaining samples, participants provided 2 ml of saliva, used for evaluatingto evaluate levels of reactive cortisol and sAA.	Comment by Microsoft Office User: AU: How long did the first stage take?
	Comment by Microsoft Office User: AU: What did the control participants do in this stage?
	Comment by Microsoft Office User: AU: Reversed the order to reflect the information in the next sentence. OK?

2.3. Saliva sampling procedure and biochemical analysis
The participants were instructed to refrain from eating, drinking (aside for water), or smoking for at least one 1 hour prior to the experimental session. Prior toBefore each saliva sampling, participants were instructed told to chew on a piece of parafilm for several seconds to increase saliva secretion. They then deposited a sample of saliva in a SaliCap sampling vial (IBL International GMBH, Hamburg, Germany). 
Saliva samples were stored at -20°C immediately upon after collection and until the laboratory tests were performed. For each biochemical analyte, tests were performed using  commercial CE-IVD-approved ELISA kits: 17 Beta Estradiol Saliva ELISA (mean intra-assay CV% = 4.8, mean inter-assay CV% = 3.4, assay sensitivity = 0.4 pg/mL), Cortisol Saliva ELISA (mean intra-assay CV% = 4.8, mean inter-assay CV% = 8.1, assay sensitivity =0.005 µg/dL), Testosterone Saliva ELISA (mean intra-assay CV% = 9.1, mean inter-assay CV% = 5.7, assay sensitivity = 2.0 pg/mL), Progesterone Saliva ELISA (mean intra-assay CV% = 5.2, mean inter-assay CV% = 7.0, assay sensitivity = 3.1 pg/mL), Alpha Amylase Saliva ELISA (mean intra-assay CV% = 4.6, mean inter-assay CV% = 6.2, assay sensitivity = 3.6 U/mL), all from IBL International GMBH, Hamburg, Germany). All tests were run in an SQII ELISA processor (AESKU Systems, Wendelsheim, Germany). A calibration curve using standard duplicates was performed for each analyte in every run. All kitsThe performance of all the kits were validated in our laboratory according to good laboratory practice (GLP) guidelines, complying with ISO 9001 certification and JCI accreditation standards.  
2.4. Trier Social Stress Test and the non-stress control condition 
Psychological stress was induced by employing the TSST procedure (Kirschbaum et al., 1993). This procedure consists of a stress task that includes 5 minutes of free speech (a simulated job interview for the participant’s ‘“dream job’job”) and 5 minutes of a mental arithmetic task, both conducted in front of a video camera and a committee composed ofcomprising a man and a woman sitting at a distance of 1.5 m and a video camera. At the beginning of the procedure, the committee members gave instructions to the participants were instructed by the committee regarding the task at hand,  and were notifiedtold them that their performance will would be recorded for subsequent behavioral analysis, . The participants were and then taken to a secondan empty room in which they had 10 minutes to formulate the speech alone. Next,After this period of time, the participants entered the committee room in whichwhere they carried outperformed the free speech task and the arithmetic tasks. In total, the procedure, including the preparation phase, took approximately 20 minutes.  
The control condition was devised to be as comparable as possible to the TSST in terms of the mental and physical workload, but without the stress-inducing elements involving social-evaluative threat and uncontrollability (Dickerson and Kemeny, 2004). Specifically, tThe procedure consisted of a 10 10-minutes phase during which each participant was required to read the entry "England" in Wikipedia silently, and followed by then 5 minutes of reading the entry "transport in Israel" out loud, and another 5 minutes of counting out loud. During the entire 20 minutes of the task, the participant was alone in a room (the same room used for the TSST procedure, and withoutbut with no people or camera A camera present). 
2.5. Rey Auditory Verbal Learning Test (RAVLT)
The Hebrew version of the RAVLT (Vakil and Blachstein, 1993) was used as a test of declarative memory. Each participant received different versions of the test before and after the stress to avoid learning effects, with the order of the two versions randomized and counter-balanced. The RAVLT was composed ofhas seven trials. On each of the first five consecutive trials an experimenter read to the participants, at the rate of one word per second, a list of 15 common nouns, with each reading followed by a free recall task.	Comment by Microsoft Office User: AU: Or reversed?

	On each of the first five trials an experimenter read aloud a list of 15 neutral wordcommon nouns, followed by and the participant had to repeating as many of those words as possible. The performance on these five trials reflects the rate of learning. In trial 6 an interference list of 15 new common nouns was presented, followed by the participants’ free recall of these new nouns, which and tested the retention of these new words. In trial 7, the participants were again asked to recall the words from the first list. This last trial reflected tested the level of recall after interference. 
2.6. Mental rotation task 
This task was a computerized version of the one originally developed by Shepard and Metzler (1971). Participants were seated in front of a computer screen and on each trial (4 training trials and 20 test trials) there were 5 five three dimensional3-D stimuli presented on the screen, with: one was one being the target stimuli. two out of the non-target stimuli were identical to the target, and 2 another two were almost identical. All of the 4 four non-target stimuli were rotated in space with respect to the target stimulus. The participants were instructed to decide which of the non-target stimuli were identical to the target stimulus by mentally rotating them in their head.  Each trial was displayed for 30 seconds and was separated from the next pair one by a 5-second rest period of 5 sec, during which a white screen was displayed. On each test trial a score of 1 or 0 was given, and then the scores of the 20 trials were summed, yielding a total score of 0-–20 for each participant.
2.7. Statistical analyses
In order tTo test the impact of stress exposure on cognitive performance, we performed a three-way repeated repeated-measures analysis of variance (ANOVA), with the independent variables being trial (1 to 7), group (males, OC, and luteal) and stress exposure (stress vs. control),) and the dependent variable being on memory performance after stress exposure. In addition, we performed a three-way repeated repeated-measures ANOVA with the independent variables being performance (before and after), group (males, OC, and luteal), and stress exposure (stress vs. control) and the depended dependent variable bring being mental rotation performance. 	Comment by Microsoft Office User: AU: OK changes?
As Because cortisol, sAA, and sex hormones levels were not normally distributed, they were subject to a log 10 transformation. Due toTo account for the large variability among participants in their cortisol reactivity to stress, the sample was divided into responders and non-responders according to Hidalgo et al. (2012). Participants with an increase in salivary cortisol concentration from baseline levels (- 40 min) to the third cortisol measurement (+10 min) after the TSST were considered 'responders'“responders.”. To examine stress-induced differences in hormonal response, a repeated repeated-measures ANOVA was used, with group (males, OC, and luteal) and time (T1, T2, T3, T4) being the independent variables and either cortisol (for responders) or sAA (for the whole sample) being dependent variables. Significant main effects were further analyzed through Bonferroni's post post-hoc tests. 
To examine the involvement of stress markers and sex hormones in modulating the effects of stress over on memory and mental rotation performance, we conducted a repeated repeated-measures ANOVA with time and group being the independent variables, performance on either cognitive task being the dependent variables, and sex hormones and stress biomarkers reactivity as covariates. For this analysis, cortisol and sAA reactivity were calculated as the change from their baseline values to their post-stress values [(T3 (ΔC) and T2 (ΔsAA), respectively]. . These different two time points were selected as because the SNS releases catecholamines immediately at the onset of a stressor, while whereas the HPA releases of glucocorticoids is slower, with  cortisol reaching peak levels only 21–45 minutes following after the onset of a stressor (fFor meta-analyses, see Dickerson and Kemeny, 2004). For all the ANOVA tests, whenever Mauchly's test indicated a violation of sphericity assumption, Greenhouse-Geisser corrections were used. Post-hoc comparisons were performed using Bonferroni adjustments for multiple comparisons of p values.
Finally, in order to further examine the relation between the HPA-A/SNS and HPG-A cross cross-talk and stress-induced alterations in cognitive performance, we used a model of ratio analysis. A ratio term was calculated by dividing the raw scores (T, E, P, ΔC, ΔsAA) followed by log 10 transformation in accord with Sollberger and Ehlert (2016).  Pearson's correlations (1one-tailed) were calculated in order to examine determine the association between ratio terms and cognitive performance (the difference between before and after stress exposure in memory and mental rotation) in each group.
3. Results
	Table 1 presents the mean biomarkers concentrations of cortisol (separated for by responders and non-responders), sAA, testosterone, estrogen, and progesterone for each group: —menmales, OC- women, and LP- women women—for in the stress group.

Table 1
Means (SD), t, and F tests for group differences in baseline raw scores of the biomarkers for the stress group
	


	Men (N = 21)
	OC (N=20)
	LP (N = 17)

	  F


	Cortisol responders


	0.29 (0.15)



	0.45 (0.19)

	0.26 (0.13)

	2.86

	                 non-responders
	0.53 (0.27)



	0.58 (0.37)

	0.69 (0.40)

	0.55

	sAA
	81.94 (49.64)
	74.17 (55.73)
	72.62 (40.50)
	0.21

	Testosterone
	148.51 (99.81)
	37.67 (24.42)
	56.75 (33.76)
	17.18***	Comment by Microsoft Office User: AU: Should this only be one asterisk? If not, please describe what is meant by two and three asterisks?


	EstorgenEstrogen
	1.98 (0.48)
	2.23 (0.87)
	2.50 (0.90)
	2.07

	Progesterone
	16.73 (3.34)
	14.64 (4.72)
	131.75 (91.15)
	30.89***	Comment by Microsoft Office User: AU: Should this only be one asterisk? If not, please describe what is meant by two and three asterisks?



Note:  Abbreviations: OC: oral contraceptives; LP: luteal phase; sAA: salivary alpha-amylase. Data presented as mean ± SD.
*** p<.001.	Comment by Microsoft Office User: AU: Should this only be one asterisk? If not, please describe what is meant by two and three asterisks?


3.1.  Stress response
The patterns of cortisol reactivity and sAA reactivity for each study group are depicted in figure 2. A two-way repeated--measures analysis of varianceANOVA with group (males, OC, and luteal), and time (T1, T2, T3, T4) as the independent variables, and with cortisol reactivity as the dependent variable, found no significant main effect was found for the stress group [F (2, 20) =.55, p = .585; 2p = .05]. A significant main effect for time was found [F (3, 20) = 12.55, p = .000; 2p = .39]. Post-hoc analysis revealed that cortisol level on T3 was higher compared withthan the other cortisol measurements. A significant time X x group interaction was also found [F (6, 20) = 3.16, p = .021; 2p = .24]. 	Comment by Microsoft Office User: AU: Addition as meant?

In a two-way repeated- measures analysis of varianceANOVA with sAA reactivity as the dependent variable, no significant main effect was found for the group [F (2, 50) =.48, p = .622; 2p = .02], and nor was a no significant time X x group interaction was found [F (6, 50) = 4.90, p = .624; 2p = .02]. A main effect for time was found [F (3, 50) = 18.60, p = .000; 2p = .27]. Post-hoc analysis revealed that the sAA level on at T1 was lower compared with other sAA measurements, and T4 was higher significantly than T3.	Comment by Microsoft Office User: AU: Which group is meant here?

3.2. Cognitive performance
Table 2 presents the mean scores on the declarative memory test before and after exposure to either the TSST or the control condition.

Table 2
Means (SD) for group differences in memory and mental rotation performance before and after exposure to either the stress procedure or a non-stress control condition. 
	
	Men (N = 39)
	OC (N = 37)
	LP (N = 36)

	Total

	
	Control
	Stress
	Control
	Stress
	Control
	Stress
	Control
	Stress

	Memory before
	
	
	
	
	
	
	
	

	                Trial 1
	8.56 (2.06)
	7.19 (1.91)
	8.29 (1.83)
	7.25 (1.45)
	8.95 (1.83)
	7.35 (1.69)
	8.61 (2.06)
	7.26 (1.67)

	                          Trial 2
	10.44 (2.66)
	9.62 (2.75)
	10.94 (1.82)
	8.90 (2.10)
	11.26 (1.97)
	9.12 (2.78)
	10.89 (2.17)
	9.22 (2.53)

	                 Trial 3
	12.33 (1.97)
	10.67 (2.61)
	12.41 (1.37)
	11.00 (2.87)
	12.48 (1.79)
	10.76 (2.56)
	12.48 (2.00)
	10.76 (2.56)

	                 Trial 4
	12.56 (2.06)
	11.29 (2.81)
	12.65 (1.94)
	11.95 (2.19)
	13.26 (1.70)
	11.18 (1.98)
	12.83 (1.89)
	11.48 (2.36)

	                 Trial 5
	13.11 (1.94)
	12.00 (2.07)
	13.59 (1.00)
	11.60 (1.79)
	13.74 (1.45)
	11.88 (1.65)
	13.48 (1.51)
	11.83 (1.84)

	                 Trial 6
	7.89 (3.36)
	5.76 (1.91)
	6.82 (2.10)
	6.90 (1.68)
	8.00 (2.21)
	5.71 (1.61)
	7.59 (2.62)
	6.14 (1.81)

	                  Trial 7
	12.17 (2.88)
	10.52 (2.58)
	11.94 (1.82)
	9.10 (3.16)
	12.68 (2.00)
	10.41 (2.69)
	12.28 (2.26)
	10.00 (2.85)

	Memory after
	
	
	
	
	
	
	
	

	                Trial 1
	8.28 (2.87)
	6.86 (1.82)
	6.59 (1.84)
	7.45 (1.99)
	8.79 (2.68)
	7.12 (1.97)
	7.93 (2.64)
	7.14 (1.930

	                          Trial 2
	11.28 (2.42)
	9.19 (2.27)
	10.29 (1.96)
	10.5 (2.09)
	11.89 (2.49)
	9.59 (2.83)
	11.19 (2.36)
	9.76 (2.42)

	                 Trial 3
	12.22 (2.42)
	10.52 (3.12)
	12.06 (1.82)
	11.95 (2.26)
	12.84 (2.29)
	10.94 (2.49)
	12.39 (2.11)
	11.14 (2.69)

	                 Trial 4
	13.00 (1.68)
	11.71 (2.61)
	13.18 (1.33)
	12.40 (2.23)
	13.42 (2.12)
	12.65 (2.34)
	13.20 (1.73)
	11.93 92.39)

	                 Trial 5
	13.44 (1.65)
	12.24 (2.45)
	13.71 (1.21)
	12.10 (2.38)
	13.95 (1.75)
	12.47 (2.07)
	13.70 (1.55)
	12.26 (2.28)

	                 Trial 6
	7.89 (3.36)
	6.76 (1.84)
	6.82 (2.10)
	6.65 (2.28)
	8.00 (2.21)
	6.59 (2.60)
	7.59 (2.62)
	6.67 (2.31)

	                  Trial 7
	12.17 (2.15)
	8.71 (5.14)
	11.53 (2.10)
	7.65 (3.79)
	12.37 (3.37)
	8.24 (3.90)
	12.04 (2.61)
	8.21 (4.30)

	Mental rotation before
	12.72 (5.37)
	10.61 (5.28)
	7.24 (4.86)
	9.59 (4.89)
	8.58 (4.60)
	8.59 (5.71)
	9.54 (5.39)
	9.62 (5.27)

	Mental rotation after
	11.72 (5.48)
	11.50 (4.77)
	7.06 (5.80)
	11.06 (5.63)
	8.47 (5.25)
	10.29 (6.41)
	9.78 (6.12)
	10.96 (5.54)


Note:  Abbreviations: OC: oral contraceptives; LP: luteal phase. Data presented as mean ± SD.
3.2.1. memoryMemory
In aA three-way repeated-measures ANOVA with declarative memory as the dependent variable revealed that after the TSST, the group had  there was no significant main effect for group [F (2, 106) =.36, p = .701; 2p = .01]. However, a significant main effect for trial was found for the trial [F (6, 636) = 178.60, p = .000; 2p = .63], with post-hoc analysis revealing a positive learning curve from trial 1 to trial 5 (p = .000), but no significant difference between trial 1 to trial 6, and trial 2 to trial 7 (p >.05). Furthermore, participants recalled fewer words following after the interference list in trial 6 than in trials 1 to– 5 (p = .000), yet they exhibited recovery in recall in trial 7 compared with trial 6 (p = .000). A significant main effect for stress exposure was found [F (1, 106) = 19.44, p = .000; 2p = .16], with the group exposed to stress demonstrating poor memory performance as opposed compared to controls. The interaction between hormonal group and trial was non-significant [F (6, 636) = 1.05, p = .401; 2p = .02], as were the interactions between hormonal group and stress [F (2, 106) = 1.25, p = .292; 2p = .02] and between hormonal group, trial, and stress [F (6, 636) = 1.11, p = .350; 2p = .02]. However, the interaction of stress X and trial was significant [F (6, 636) = 8.83, p = .000; 2p = .08]. Decomposing the interaction revealed a similar learning curve among groups, except the interference was more influentialhad a larger impact among stressed group, who had with no recovery in memory (on trial 7 from trial 6; p > .05), in contrast as opposed to the control group who showed significant recovery (p = .000(.
3.2.2. Mental rotation
In a three-way repeated-measures ANOVA with mental rotation as the dependent variable before and after the TSST, no significant main effect was found for the stress group [F (1, 100) =.41, p = .525; 2p = .00]. However, a significant main effect for the hormonal group was found [F (1, 100) = 4.79, p = .001; 2p = .09], with post-hoc analysis revealing that men outperformed both women in both the LP group and women in theand OC groups (p < .000). A significant main effect for time was also found [F (1, 100) = 8.99, p = .003; 2p = .08], with the performance improving following after the TSST procedure (p < .000). The following interactions were nonsignificant: group X x time interaction was non-significant [F (2, 100) = .10, p = .902; 2p = .00]; as was the group X x stress interaction [F (2, 100) = 2.36, p = .100; 2p = .05], and the interaction group X x time xX stress was non-significant [F (2, 100) = 1.36, p = .262; 2p = .03]. However, there was a significant stress X x time interaction [F (1, 100) = 4.40, p = .038; 2p = .04]. Decomposing the interactions revealed that, in the control group, no significant difference in performance was found before and after exposure to the control condition (p = .546). However, for the stress group, performance on the mental rotation improved significantly following after the TSST (p = .000).
3.3.  Cortisol, sAA, sex hormones, and memory
To test the relationship between the HPA-A and HPG-A cross cross-talk and declarative memory performance pre- and post-stress we first performed first a two-way repeated-measures ANOVA with the difference between trial 6 and 7 as the dependent variable before and after the TSST and the hormonal group as a between between-subject factor. A significant main effect was found for stress [F (1, 55) = 14.97, p = .000; 2p = .21]. Recovery from trial 6 to 7 was higher before stress exposure compared tothan after stress exposure. However, the main effect for stress disappeared in a re-analysis controlling sex hormones and ΔC, the main effect for stress disappeared [F (1, 45) =.02, p = .894; 2p = .00], and also ]. Furthermore, the main effect for stress disappeared also when sex hormones and ΔsAA, were controlled [F (1, 34) = .22, p = .643; 2p = .01]. 
Pearson correlations were conducted to further examine the patterns of joint modulation that sex hormones and, cortisol, C and sAA reactivity have on memory recovery. The analysis revealed that T/ΔC was positively correlated with the difference in memory performance before and after stress exposure for responders (r = .39, p = .032). That is, higher T levels compared to ΔC were associated with inhibition in memory recovery following after the TSST. Furthermore, P/ΔsAA was positively correlated with the difference in memory performance before and after stress exposure (r = .27, p = .033). That is, higher P levels compared to ΔsAA were associated with inhibition in memory recovery following after the TSST.
3.4.  Cortisol, sAA, sex hormones, and mental rotation
To test the relation between the HPA-A and HPG-A cross cross-talk and mental rotation performance, we first performed first a two-way repeated-measures ANOVA with the dependent variable being mental rotation pre- and post-stressbefore and after stress dependent variable and the group as a between between-subject factor. A significant main effect was found for stress [F (1, 49) = 14.91, p = .000; 2p = .23]. ], with Performance performance on mental rotation was higher followingincreasing after stress exposure. However, in a re-analysis controlling sex hormones and ΔC, the main effect for stress disappeared [F (1, 39) =.27, p = .609; 2p = .01]. Furthermore, the main effect for stress disappeared also when sex hormones and ΔsAA were controlled [F (1, 29) = .95, p = .337; 2p = .03]. Pearson correlations were conducted to further examine the patterns of joint modulation that sex hormones and cortisol reactivity have on mental rotation performance. The analysis revealed that T/ΔC was positively correlated with the difference in mental rotation performance before and after stress exposure (r = .40, p = .043). That is, lower T levels compared to ΔC were associated with facilitation in mental rotation performance following after the TSST. 
4. Discussion
To the best of our knowledge, the current study is the first to report the effects of the interaction between the major neurobiological stress systems (ANS and HPA-A) and sex hormones (estrogen, progesterone, and testosterone) in mediating the effects of a psychosocial stress (TSST) on the performance on declarative memory and mental rotation tests. We hypothesized that performance on the cognitive tasks will would be altered by the TSST. Also, we hypothesized thaSpecifically,t the performance of the participants in the tasks under the conditions of stress willwould  be affected by the interaction between their levels of specific sex hormones relative to their levels of  reactive cortisol or and alpha -amylase or both.
4.1.  Effects of stress on cognition
Examining the effects of psychosocial stress over declarative memory revealed that pPsychosocial stress prior tobefore learning did not affect the learning curve (trials 1-–5 on the RAVLT). These results are consistent with previous earlier studies with similar designs and study samples (Hidalgo et al., 2012). ) Furthermore, the current findings are in accord withand previous with earlier suggestions as for the dissociating dissociation of stress effects on from various learning and memory processes. While Although stress enhances encoding of emotionally relevant information essential for survival (Maheu et al., 2004), it impairs the declarative memory function (Lupien and McEwen, 1987). However, in contrast to the previous findings, stress inhibited recall after interference. The source explanation for this difference is unclear, but it may have resulted frombeen caused by the time of testing: tests for the current study were conducted in the morning in the current study, whereas those for earlier studies were in the  Vs the afternoon in the previous studies. Indeed, differences in the effects of stress over on memory between the morning and the afternoon, possibly due to differences in diurnal HPA activity, have previously been noted (Wolf, 2009). 	Comment by Microsoft Office User: AU: This directly contradicts the first sentence, which states that learning was not affected by stress. Please clarify.

To the best of our knowledgeAs mentioned, the current study is the first to report the effects of a psychosocial stressor over on mental rotation, demonstrating a clear enhancing effect. Mental rotation is known to be a robust measure of spatial ability (Borst et al., 2011) and correlates well with other tests of spatial abilities, including spatial working memory (Kaufman, 2007). Indeed, psychosocial stress improved performance on spatial navigation and spatial memory tasks in a few studies (Duncko et al., 2007; Luethi et al., 2009), though it had no effect in others (Hoffman and al'Absi, 2004). Furthermore, although men outperformed women (in both the LP and the OC group) s in mental rotation, the interaction group X x stress interaction was not significant. Facilitation in mental rotation following after stress exposure was evident among all three groups, with the gap between men and women reserved. 	Comment by Microsoft Office User: AU: Do you mean that members of all three groups were similarly affected by stress?
	Comment by Microsoft Office User: AU: Do you mean “preserved” here? Or that there was a small gap between men and women?

4.2.  The role of neurobiological stress systems in the effects of stress on cognition
The TSST increased the levels of sAA, a marker for SNS activation, and cortisol among part of the participants (i.e., "the “responders"). ”). However, no significant correlations were found between cortisol reactivity or SAA and stress-induced changes in performance on either declarative memory or mental rotation tasks.
Notably, the literature regarding the role of SNS and HPA activation in stress-induced changes in cognitive functions is not straightforward. While Although the exogenous delivery of cortisol or hydrocortisone prior tobefore learning was has often been reported to inhibit declarative memory (e.g., Brunner et al., 2006), some other studies have reported no effect (Het et al., 2005). Moreover, cortisol administration in such studies is often in doses higher than the physiological range and /or without the context of stress. Supporting the role of cortisol secretion in stress-induced changes to cognitive functions, TSST was shown to alter performance on the RAVLT only in cortisol responders (e.g., Nater et al., 2007). In addition, a negative correlation was found between post-stress cortisol and delayed retrieval of words learned after exposure to stress (Elzinga et al.and Roelofs, 2005). However, in other studies, the effects of psychosocial stress on declarative memory performance of participants was were only marginally associated with their cortisol levels (Hidalgo et al., 2015). ), and Moreover, in another studyanother study found that stress inhibited spatial memory without affecting cortisol levels (Richardson and VanderKaay, 2011). Thus, the relationship between cortisol and cognition in general, and declarative memory in particular, appears to be complex and to depend on factors such as the valance valence of the stimuli and the type of memory process (encoding, consolidation, immediate recall, delayed recall, etc.). Moreover, it has been suggested that stress effects on cognition, and on memory on particular, might critically depend on sex hormone status (Merz and Wolf, 2017).
4.3.  Interaction of sex hormones and stress systems in the effects of stress on cognition
Given the interactions between the HPA-A and the HPG-A (Handa and Weiser, 2014), the relationship between stress-induced levels of cortisol and SNS activation may also depend on the levels of sex hormones. Indeed, several studies provided indirect support to this hypothesis by demonstrating sex differences, or differences between women in different hormonal states (follicular phase, LP, FP, OC), in the effects of psychosocial stress over on spatial capabilities or memory (e.g., Thomas et al., 2010; Wolf et al., 2001). However, the current study is, to the best of our knowledge, the first to directly examine this possibility.
In the current study, we did not observe any effect of sex or sex hormones on pre-stress memory or on pre-stress mental rotation capabilities, aside fromexcept that men had a higher mental rotation in among menabilities than compared to performance women in both the LP group and the OC groups. However, sex hormones did appear to be involvedmodulate in the effects of the stressor over on both declarative memory and mental rotation. : t	Comment by Microsoft Office User: AU: OK addition?
This was evident by the demonstration that the effects of stress over on mental rotation and declarative memorythose cognitive functions were no longer statistically significant when controlling for testosterone, estrogen, and progesterone. In order toTo further analyze the possible interactive effects of stress factors (cortisol and sAA) over on cognition revealed, we examined the relationship between the levels of each sex hormone and stress factor as it relatedand to cognitive performance. To do so, we used the sex hormone to –stress factor ratio approach  rather than analyzing their interactionsrather than interactions. The reason for using the sex hormone to stress factor ratio approach rather than interactions was that whileAlthough an interaction reflects the level of a specific sex hormone relative to the group, the ratio reflects the level of the sex hormone as it relatesrelative to the level of cortisol or sAA within each participant. This analysis revealed that higher ratios between basal testosterone and cortisol stress reactivity (i.e., an increase following the TSST) and and between basal progesterone and sAA reactivity were associated with inhibition in memory performance following after the TSST. In addition, a higher testosterone to– cortisol ratio was also associated with inhibition in mental rotation performance following after the TSST. These findings suggest that testosterone and cortisol jointly regulate the effects of psychosocial stress over on these cognitive functions. 
Even outside the context of an acute response to stress, the possible effects of testosterone to’s relationship to cortisol on cognition relationship on cognition werehave been largely overlooked to date. However, a recent study (Panizzon et al., 2018) lends support to the importance of such this relationship by demonstrating that among late-middle middle-aged men the association between memory performance and basal testosterone levels was positive when basal cortisol levels were high and negative when basal cortisol levels were low. Further support for the interactive role of the testosterone to– cortisol relationship on psychological functioning comes from social behavior studies. Specifically, several studies have demonstrated an association between high basal testosterone testosterone-to to-cortisol ratio and aggressive behavior (Platje et al., 2015; Terburg et al., 2009). These studies have typically concluded found that, because  as the HPA-A and the HPG-A mutually inhibit one another (Viau, 2002), the relationship may represent an inhibitory effect of cortisol over of testosterone and/or vice versa. 
 As Because psychosocial stress may induce an acute increase in testosterone (e.g., Deuter et al., 2016), it is thus possible that the stress-induced increase in testosterone enhances certain memory capabilities but inhibitswhile inhibiting mental rotation performance,  and that both effects are attenuated by cortisol. Intriguing as this interpretation may be, it is important to note that its verification awaits further verification asanalysis because the present findings are preliminary and partial.  Most importantly, sex hormones, including testosterone,  were assessed only during the pre-stress baseline. Therefore, the suggested interpretation is valid only if one assumes that the post-stress levels of testosterone were proportionate to the pretest pre-stress levels. Future studies in which testosterone would beis measured on at several time points before and after the stress induction would be able to confirm this interesting possibility.
The finding that a higher progesterone to-to- sAA ratio were is associated with an inhibition in memory performance following after TSST is even more difficult to interpret, because as the role influence of sympathetic activation (as reflected by SAA levels), in general,, and as it interactits interaction with the HPG, in particular, over on memory, has have hardly been studies little studied to date. Thus, this novel finding is particularly novel and points to the need to direct for further more research into on the interactive role of sex hormones and sympathetic activation as it relates toin modulating the effects of stress over on cognitive functioning.
4.4.  Limitations of the Current Study
 The limitations of the current study affect the iInterpretation of the presentits findings should be viewed in light of a few limitations. First, the sample size was relatively small, as was as the proportion of responders (participants who presenting had increased cortisol levels after following the TSST), was relatively small, the sample size available for much of the analysis was rather small, precluding comparisons between the different hormonal status groups. Second, data collection was conductedwere collected only in the morning (8:00–10:00 -10 AM), a time period of the daily schedule that is understudied in research involving on stress reactivity. Yet, tThe fact that diurnal cortisol levels are highest during this time segment (Ghiciuc et al., 2011) possibly accounts for the relatively high number of non-responders. Indeed, studies inducing stress in the afternoon demonstrated a significantly larger cortisol increase than studies that taking placeconducted in the morning (Dickerson and Kemeny, 2004). In addition, cortisol levels tend to rise sharply following awakeningafter waking up, reaching a maximum within 30 minutes before beginning to decline (i.e., “cortisol awakening response”; CAR) (Ghiciuc et al., 2011). However, increases in cortisol levels following after the TSST could not be explained by the CAR as because all participants gave their first saliva sample at leastwithin 1 1 hour following after awakening. Third, sex hormones were analyzed from a single saliva sample, which could lead to considerable variability due tobecause of the short‐time pulsating dynamics of sex hormones secretion. Yet, theThat significant results were sstill obtained despite this variability attests to the importance of sex hormones in the effects of the stress response over of cognition. Nevertheless, taking multiple saliva samples in future studies will would yield more accurate assessments of the hormonal levels and may increase statistical power. Fourth, as because psychosocial stressors are the most common stressors in modern human life, the current study made use ofused the TSST, which is the most- validated measure of psychosocial stress (Skoluda et al., 2015). However, various stressors may elicit differentiated responses and physiological mechanisms (Bosch et al., 2009). Therefore, examining the impact of other stressors in future studies is warranted.	Comment by Microsoft Office User: AU: Or "responders" meant here?	Comment by Microsoft Office User: AU: But why are the responses higher in the afternoon if the cortisol levels are highest in the morning?

4.5.  Conclusions 
[bookmark: _GoBack]The currentThis study demonstrated the that psychosocial stress enhances mental rotation capabilities while disrupting aspects of declarative memory. Moreover, these effects of stress appear to depend on the activity of sex hormones. The evidence suggests that modulatory interrelationships between cortisol and testosterone, as well as between SNS activation and progesterone, may be particularly involved in mediating the effects of stress over on these cognitive functions. These novel findings strengthen the importance of HPA-–HPG interactions over on behavior and are among the first demonstrations of the role of SNS-–HPG interactions over on cognitive function. Taken together, these results suggest that the HPG needs to be addressed when studying the effects of neurobiological stress mechanisms over on cognitive performance.
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