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Background: We systematically reviewed the literature to determine the influence of sex hormones on facial emotion processing (FEP) in healthy women at different phases of life.

Methods: Searches were performed in PubMed, Web of Science, PsycINFO, LILACS, and SciELO. Twenty-seven articles were included in the review and allocated into five different categories according to their objectives and sample characteristics (menstrual cycle, oral contraceptives, pregnancy/postpartum, testosterone, and progesterone).

Results: Despite the limited number of studies in some categories and the existence of inconsistencies in the results of interest, the findings of the review suggest that FEP may be enhanced during the follicular phase. Studies with women taking oral contraceptives showed reduced recognition accuracy and decreased responsiveness of different brain structures during FEP tasks. Studies with pregnant women and women in the postpartum showed that hormonal changes are associated with alterations in FEP and in brain functioning that could indicate the existence of a hypervigilant state in new and future mothers. Exogenous administration of testosterone enhanced the recognition of threatening facial expressions and the activation of brain structures involved in the processing of emotional stimuli.

Conclusions: We conclude that sex hormones affect FEP in women, which may have an impact in adaptive processes of the species and in the onset of mood symptoms associated with the premenstrual syndrome.
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INTRODUCTION

Behavioral research has strengthened the view that sex hormones are involved not only in reproductive behavior or sexual dimorphism, but play an important role in different cognitive and emotional processes, in non-verbal behavior and in the functioning of a number of brain structures (Maki et al., 2002; van Wingen et al., 2011; Poromaa and Gingnell, 2014). Sex hormones act in the central nervous system by modulating the synthesis, release, and metabolism of different neurotransmitters (noradrenaline, dopamine, serotonin, glutamate, and GABA) and neuropeptides and influencing the excitability, synaptic function, and morphological characteristics of neurons (Rosa e Silva and Sá, 2006).

In women, the influence of sex hormones raises special interest because of physiological fluctuations that occur at the different phases of the menstrual cycle, during pregnancy (Klink et al., 2002) and in the postpartum (Bloch et al., 2000). During the normal menstrual cycle, for example, follicle-stimulating hormone (FSH) and luteinizing hormone (LH) peaks increase slowly and progressively in both amplitude and frequency shortly after menstrual bleeding. This leads to endometrial thickening and maturation of the ovarian follicle. There is a gradual increase in the production of estradiol until the occurrence of a peak shortly before ovulation. This increase in estradiol induces a significant rise of LH and FSH levels that deflates ovulation, initiating a significant synthesis of progesterone by the corpus luteum until its involution.

Women are also subject to hormone fluctuations associated with the use of oral contraceptives. Most of these drugs inhibit the natural production of ovarian hormones, thus eliminating fluctuations during the menstrual cycle (Fleischman et al., 2010; De Bondt et al., 2013). Hormonal contraceptives, and especially progestagen, simulate a second sustained phase that prevents new peaks of FSH and LH, inhibiting ovulation and promoting their contraceptive effect.

Research has described fluctuations in the levels of estrogen and progesterone and increased vulnerability to mood disorders in women (van Wingen et al., 2011). Also, there is evidence of positive correlations between the concentration of testosterone and antisocial behavior, aggressiveness, and domination behavior in both men and women (Archer, 1991; Book et al., 2001; van Wingen et al., 2011). In addition, investigations have shown alterations in mood and cognitive performance in women taking oral contraceptives (Mordecai et al., 2008; Griksiene and Ruksenas, 2011; Poromaa and Segebladh, 2012).

A non-systematic review on the activation of brain areas involved in emotional regulation associated with sex hormones showed that the amygdala and the medial prefrontal and orbitofrontal cortices are implicated in emotional processes (van Wingen et al., 2011). Toffoletto et al. (2014) have also described the involvement of the insula and the ventral part of the anterior cingulate in this process. All these regions are involved mainly with emotional processing, detection of threat signs, fight or flight response, and regulation of affective states (Toffoletto et al., 2014).

Other investigations about the impact of sex hormones in cognitive and emotional processes showed that these hormones are implicated in visual processing and in facial emotion recognition, since alterations in such abilities were found to be associated with hormone fluctuations over the different phases of the menstrual cycle (Farage et al., 2008; Little, 2013; Poromaa and Gingnell, 2014; Toffoletto et al., 2014).

Considering that facial emotion processing (FEP) is an important element of social cognition that contributes widely to the success of social interactions (Almada, 2012) and that alterations in the processing and recognition of emotional states in others are connected with many psychiatric disorders, the objective of this study was to investigate, through a systematic review of the literature, the influence of endogenous and exogenous sex hormones in the processing of basic facial expressions of emotion in healthy women at different phases of life.

The present study adds to the current literature on the subject as it was aimed at reviewing studies that assessed FEP directly through computerized tasks and used not only the menstrual cycle as a model of the influence of sex hormones, but assessed also women during pregnancy and in the postpartum, in addition to studies that involved the exogenous administration of hormones, including users of oral contraceptives.

METHODS

We performed a systematic search with no time limits (last search in July, 2017) in the electronic databases Pubmed, Web of Science, PsycINFO, LILACS, and SciELO using the following MeSH terms: (emotional OR emotion) AND (processing OR recognition OR perception) AND (menstrual cycle OR progesterone OR estrogen OR testosterone OR androgen OR oral contraceptives). We followed the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (Moher et al., 2009). The criteria for articles to be included in the review were the following: studies involving healthy women with no age limits, published in Portuguese, English, Spanish, French, and Italian, and which assessed the influence of sex hormones (endogenous and exogenous) on FEP. The exclusion criteria as well as the complete process of article search and selection are shown in Figure 1.
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FIGURE 1. Flow diagram with details on the process of article search and selection for the systematic review.



RESULTS

General Aspects

The searches returned a total of 898 matches for the search terms used. From these, 27 were included in the review after consensus between two of the investigators. The articles were allocated into five different groups according to their objectives and sample characteristics, as follows:

Group 1—Menstrual cycle: observational cross-sectional (group comparisons) and longitudinal studies involving women at different phases of the natural menstrual cycle with the objective of investigating endogenous hormone variations (n = 11 studies–19-29).

Group 2—Oral contraceptives: studies with women using oral contraceptives, taking women at different phases of the natural menstrual cycle as a reference, with both observational (n = 5) (Maner and Miller, 2014; Hamstra et al., 2015, 2016, 2017; Radke and Derntl, 2016) and experimental (n = 2) (Gingnell et al., 2013; Hamstra et al., 2014) designs.

Group 3—Pregnancy/Postpartum: longitudinal studies with women during pregnancy (n = 2) (Pearson et al., 2009; Roos et al., 2011) and the postpartum period (n = 1) (Gingnell et al., 2015).

Group 4—Testosterone: observational and experimental studies with women aimed at investigating the effects of endogenous (n = 1) (Stanton et al., 2009) and exogenous testosterone (single dose between 0.5–0.9 mg; n = 4) (van Honk and Schutter, 2007; Hermans et al., 2008; van Wingen et al., 2009; Bos et al., 2013).

Group 5—Progesterone: experimental study with women to assess the acute effects of progesterone through a clinical trial (n = 1) (van Wingen et al., 2008).

Of note, we found no studies with samples of healthy women in puberty or in the menopause using the search procedures described above.

Socio-Demographic and Methodological Aspects

The main socio-demographic and methodological characteristics of the articles included in the review are shown in Table 1.


Table 1. Socio-demographic and methodological characteristics of the articles included in the review.
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The samples in the articles reviewed had a median of 32 participants, with a mean age of 25 years. In general, the women were recruited in university (n = 9) and community (n = 8) settings.

In the menstrual cycle group, 73% (n = 8) of the studies measured hormone concentrations using standardized techniques, with samples collected from blood and saliva. Among the studies included in the oral contraceptives groups, most (n = 4; 60%) presented some information regarding the hormonal components of the oral contraceptives used, which has been described as a positive methodological factor (Poromaa and Gingnell, 2014).

In respect to the procedures of the FEP tasks, 18 studies used static stimuli and 7 used dynamic stimuli, regarded as having greater ecological validity (Torro-Alves, 2013; Torro-Alves et al., 2016). The most commonly used stimuli set (15 studies) was the series Pictures of Facial Affect (Ekman and Friesen, 1976). Most of the studies (n = 12) assessed at least five emotions, displayed by actors of both sexes. The minimum number of stimuli used in the studies was 16 and the maximum was 240, with a median of 40. The outcomes investigated were accuracy (n = 22), response bias/error pattern (n = 3), response time (n = 13), intensity of emotion (n = 2), and brain activation (n = 10). The aspects of the FEP tasks are described in greater detail in Supplementary Table 1.

OUTCOMES

The results concerning the outcomes of accuracy, emotional intensity, response bias, and response time are presented in Table 2, while neuroimaging outcomes are shown in Table 3.


Table 2. Main results in tasks of facial emotion recognition for the outcomes accuracy, emotional intensity, response time, and response bias.
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Table 3. Main neuroimaging outcomes in facial emotion recognition studies.
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As seen in Table 2, five studies in the menstrual cycle group described an association between the follicular phase (specially the late follicular phase) and the pre-ovulatory/ovulatory phases (higher concentration of estradiol/estrogen and lower concentration of progesterone) and increased accuracy in emotional recognition in general, with variable effect sizes ranging from small to large (Pearson and Lewis, 2005; Derntl et al., 2008a,b, 2013; Rubin et al., 2011). Conversely, two studies reported no such associations (Gingnell et al., 2012; Zhang et al., 2013). However, when considering the size of the differences between groups, the study by Gingnell et al. (2012) pointed to increased accuracy in emotional recognition in the follicular phase (d = 0.40). The same occurred in the study by Zhang et al. (2013), however, the effect size in this case was very small (d = 0.06). No associations or differences in the recognition of specific emotions were found (Derntl et al., 2008b, 2013; Rubin et al., 2011). Thus, taken together the results suggest an advantage in the global recognition of emotions in the follicular phase.

However, specific analyses about the association between hormone levels (independently of menstrual cycle phase) and accuracy of emotional judgment showed that higher estrogen/estradiol levels were linked to improved recognition of fear (Pearson and Lewis, 2005) and decreased accuracy in the recognition of anger (Guapo et al., 2009; Kamboj et al., 2015) and disgust (Kamboj et al., 2015). In respect to progesterone, the associations found were less evident, but increased progesterone levels have been associated with global impairment in FEP consisting of increased response time, increased response biases, negative biases, and decreased accuracy of emotional judgment (Conway et al., 2007; Derntl et al., 2008a; Kamboj et al., 2015).

Concerning response time, only one study (Kamboj et al., 2015) described an association between higher progesterone levels and increased response time for the recognition of anger, happiness, sadness, and neutral faces.

Neuroimaging studies with women at different phases of the natural menstrual described associations between activation of the amygdala during FEP tasks and hormone levels, although not in the same direction. While Derntl et al. (2008b) found increased activation of the amygdala associated with emotion recognition in the follicular phase, that is, when progesterone levels are reduced, Gingnell et al. (2012) described increased activation of the left amygdala in the luteal phase relative to the follicular phase in healthy controls, in addition to lack of amygdala habituation. Still in the latter investigation, progesterone levels were not associated with changes in the activation of brain structures during the recognition of emotions. It should also be noted that there were no associations between estradiol levels and amygdala responsiveness during the recognition of facial emotions in these two studies. It should be noted that the two studies used different samples, FEP tasks, and neuroimaging protocols, which may explain the discrepancies between their findings.

In the studies grouped under the name of “oral contraceptives,” Gingnell et al. (2013) compared the FEP performance of women in their natural menstrual cycle with a history of negative mood during the previous use of contraceptives and women on contraceptive treatment for 21 days in a placebo-controlled clinical trial. The authors found no difference between the groups concerning the accuracy of emotional recognition; however, they described reduced activation of the insula, left middle frontal gyrus and bilateral inferior frontal gyri in women taking oral contraceptives compared to placebo. These brain regions are involved in the response to positive and saliency emotional stimuli and take part in different social functions such as language and empathy (Gingnell et al., 2013).

While investigating the effects of a corticosteroid (fludrocortisone) in a clinical trial, Hamstra et al. (2014) found that the use of oral contraceptives by women in their sample was associated with lower accuracy in the recognition of sadness, anger, and disgust. Four other cross-sectional studies reached the same results for the same emotions when comparing users of oral contraceptives and women in their natural menstrual cycle (Maner and Miller, 2014; Hamstra et al., 2015, 2016, 2017), although another investigation with the same methodological design did not support these findings (Radke and Derntl, 2016). Hamstra et al. (2017) also described impaired recognition of facial happiness in association with the use of oral contraceptives.

Among the studies that included pregnant women and women in the postpartum period, Pearson et al. (2009) described an enhancement in the recognition of anger, disgust, and fear in the late stages of pregnancy, when the levels of progesterone and estrogen are theoretically higher. The effect size of this finding was medium in comparison with women in the early stages of pregnancy.

In the postpartum period, Gingnell et al. (2015) found no difference in emotional recognition accuracy between women at different phases of the postpartum and the menstrual cycle, suggesting that estradiol and progesterone concentrations do not affect FEP. Neuroimaging data, however, showed reduced activation in the right insula, bilateral inferior frontal gyri, and left medial frontal gyrus in women in the immediate postpartum (reduction in estrogen and progesterone levels) compared to the late postpartum. The activation of the insula and the inferior frontal gyrus was also higher in women in the postpartum compared to non-pregnant subjects.

In regard to the effects of the acute administration of testosterone on FEP, the studies reviewed described reduced accuracy in the recognition of angry and threatening faces following the oral administration of 0.5 mg testosterone (van Honk and Schutter, 2007), but no differences in emotional recognition accuracy following the nasal administration of 0.9 mg testosterone (van Wingen et al., 2009). In a correlation study on endogenous testosterone levels, Stanton et al. (2009) found no association between testosterone concentrations and amygdala responsiveness to the contrast between angry and neutral faces. Conversely, the three clinical trials included in the review described associations between higher testosterone levels and increased brain activity (Hermans et al., 2008; van Wingen et al., 2009; Bos et al., 2013).

Finally, the oral administration of progesterone (400 mg) did not affect FEP in the only trial comparing this treatment to placebo (van Wingen et al., 2008), although the administration of the hormone was associated with increased bilateral activity in the amygdala.

DISCUSSION

Taken together, the results of the articles reviewed suggest that hormonal changes mediate the judgment of social stimuli, whether by affecting the accuracy of emotional recognition or the functioning of brain structures implicated in the processing of social stimuli, especially the amygdala. These results were obtained from women in the normal menstrual cycle, users and non-users of oral contraceptives, women during pregnancy and in the postpartum, and clinical trials involving the exogenous administration of hormones.

In the natural menstrual cycle, increased levels of estrogen/estradiol typical of the follicular phase favored the recognition of facial expressions of emotion. This finding lends support to the view that ovarian hormones trigger evolutionary adaptations that are relevant for emotional competence, with the possible purpose of increasing mating chances (Derntl et al., 2008a; Kamboj et al., 2015).

The findings also support the proposition of Macrae et al. (2002) according to which FEP is a sexually dimorphic ability, possibly mediated by sex hormones and especially estrogen/estradiol, since receptors for this hormone are found in several brain areas associated with emotional processing (amygdala, hippocampus, and corpus callosum–Fitch and Denenberg, 1998; Osterlund and Hurd, 2001). In the same direction, Sanders et al. (2002) suggested that cognitive tasks in which women tend to perform better than men, such as FEP, are better performed during periods of increased estrogen levels and vice-versa.

The neuroimaging findings in women in their natural menstrual cycle confirm that the amygdala is a key structure in emotional processing and, more importantly, that its activity is influenced by the concentrations of ovarian hormones along the menstrual cycle. However, evidence on the direction of that influence is controversial. Derntl et al. (2008b) found that progesterone decreases typical of the follicular phase were associated with increased neural activity, which suggests that networks implicated in emotional processing are more excitable in the preovulatory phase, which would favor socioemotional behavior and, thus, mating. In opposition, Gingnell et al. (2012) described increased activity in the left amygdala during the luteal phase compared to the follicular phase, which suggests that progesterone may increase the responsiveness of the amygdala in the face of emotional stimuli, mainly those with negative valence. This view is further supported by the results of van Wingen et al. (2008), which show that the acute administration of progesterone increased amygdala responsiveness to displays of anger and fear.

The results of Gingnell et al. (2012) and van Wingen et al. (2008) are in line with available evidence from studies that assessed the responsiveness of brain structures to the presentation of other emotional stimuli that not facial expressions of emotion (Abler et al., 2013; Bayer et al., 2014) and point to an inhibitory influence of estrogen/estradiol upon different networks, while progesterone seems to increase neural responses, especially in the presence of negative emotions (Goldstein et al., 2005; Andreano and Cahill, 2010; Ossewarde et al., 2010). In our review, the levels of estrogen/estradiol were not associated with any specific pattern of activation of the brain structures investigated.

The results of the correlation analyses showed that increased progesterone levels were associated with improved recognition of fearful and disgusted expressions and increased response bias for angry expressions. These findings lend support to previous observations that progesterone is an anxiogenic agent (Akwa et al., 1999; Hiroi and Neumaier, 2006; Derntl et al., 2008a), favoring greater sensitivity or hypervigilance to threatening and contagious faces. According to Conway et al. (2007), increased concentrations of progesterone, commonly observed in the preparation of the organism for pregnancy, would favor adaptive psychological changes that could aid women to face challenges during pregnancy; for example, by improving the recognition of contamination sources that are harmful to mother and baby so as to mitigate external hazards that could affect fetal development. These views are further supported by evidence showing that higher concentrations of progesterone were associated with increased repulse to facial signs and potential sources of disease, such as paleness (Jones et al., 2005; Fleischman and Fessler, 2011), and to possible sources of contamination in food preferences during pregnancy (Flaxman and Sherman, 2000; Fessler, 2002; Fessler et al., 2005).

Conversely, the greater sensitivity to stimuli depicting anger associated with increased progesterone and decreased estrogen/estradiol levels could lead to negative mood (Derntl et al., 2008a) and could be associated with the etiology of premenstrual tension. These hypotheses are supported mainly by the fact that progesterone and estrogen/estradiol have significant modulatory effects on neurotransmitters involved in the regulation of affect and behavior, such as noradrenaline and serotonin (Bethea et al., 1998; Epperson et al., 1999; Amin et al., 2005; Derntl et al., 2008a; Sabino et al., 2016), which are also implicated in depression.

The studies involving users of oral contraceptives also described alterations in FEP, in consonance with previous evidence of contraceptive-related changes in emotional memory, decision-making, face preference, jealousy levels and others (Hamstra et al., 2015). Specifically, in studies about FEP, the use of oral contraceptives was associated with reduced accuracy in the recognition of negative facial expressions. These results provide a basis for the interpretation of previous findings regarding the efficacy of oral contraceptives in the treatment of mood symptoms associated with premenstrual dysphoric disorder, as it points to a possible mechanism of action linked to the reduction in the sensitivity to negative emotions that could underlie the therapeutic effects described in the literature (Freeman et al., 2001; Yonkers et al., 2005).

On the other hand, the use of oral contraceptives was also associated with reduced activation of brain regions implicated in different social functions and in the response to positive emotional stimuli, pointing to possible adverse effects of contraceptives. This finding highlights the role of sex hormones in the facilitation of social affiliation and self-protection.

Regarding the recognition of facial emotions by pregnant women, the increased accuracy in the detection of negative emotions during pregnancy could be explained by the influence of estrogen/estradiol in the amygdala, in line with the results of Pearson and Lewis (2005) and Derntl et al. (2008a) and with evolutionary theories, where the hypervigilance to signs of threat would be a selective advantage for women, especially those about to become mothers.

To Roos et al. (2011), the activation of brain areas during the display of fearful faces could be associated with the levels of testosterone during pregnancy. According to this view, pregnancy would be associated with an increase in the response to threat as an adaptive function of the species.

Considering the reduced number of studies in the pregnancy/postpartum group, these findings should be interpreted with caution as they are speculative and still require replication.

The results of the only study involving women in the postpartum included in this review (Gingnell et al., 2015) showed increased activation of the insula, inferior frontal gyrus and middle frontal gyrus during this period. The authors speculated that, if on the one hand this increased responsiveness could be associated with increased vulnerability to depressive and anxious conditions in the postpartum, on the other hand it would favor effective parenting.

The results of studies on the exogenous administration of testosterone in women showed that it enhances the activation and connectivity between brain structures involved not only in aggressive responses (Hermans et al., 2008), but also in the processing of different socially relevant stimuli. This effect seems to be independent of the affective valence of the stimuli, as suggested by evidence that the basolateral and superficial amygdala had equally increased activation associated with the administration of testosterone during the processing of fear or happiness (Bos et al., 2013).

In conclusion, sex hormones have a significant impact on FEP in women that seem to have an adaptive role, whether related to mating, reproduction, or offspring care. Conversely, these hormones also seem to have a negative impact on mood symptoms associated with premenstrual tension.

The findings described show that the hormonal condition of women is an important variable to be considered in clinical studies involving FEP, as it may act as a confounding variable and favor the occurrence of biases. To our knowledge, this type of methodological control has often been neglected in studies in the area.

Among the limitations of the studies reviewed here, we should mention the lack of standardized procedures to assess FEP, which frequently hinders specific comparisons, and the lack of consensus about the determination of the different phases of the menstrual cycle, added to the fact that some studies failed to measure/inform hormone concentrations in their subjects, which would be ideal for the establishment of these parameters. Finally, the studies included in the review involved mainly young adult women, leaving a gap of data concerning pregnant women and women in the postpartum, puberty, and pre- or post-menopause, which should be the focus of future investigations.

AUTHOR CONTRIBUTIONS

FdLO, JdPC, RM-S, JMdS, OP-N conception/design of the work; FdLO, JdPC, RM-S acquisition and analysis of data for the work; FdLO, JdPC, RM-S, JMdS, OP-N interpretation of data for the work; FdLO, JdPC, JPMS draft the work; FdLO, JMdS, OP-N, RM-S review critically for important intellectual content of the work; FdLO, JdPC, RM-S, JMdS, OP-N Final approval of the version to be published; FdLO, JdPC, RM-S JMdS, OP-N Agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved.

FUNDING

This work was funded by the São Paulo Research Foundation (FAPESP Process No. 2015/02848-2) and the Brazilian National Council for Scientific and Technological Development (Process 301321/2016-7).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2018.00529/full#supplementary-material

REFERENCES

 Abler, B., Kumpfmuller, D., Gron, G., Walter, M., Stingl, J., and Seeringer, A. (2013). Neural correlates of erotic stimulation under different levels of female sexual hormones. PLoS ONE. 8:13 doi: 10.1371/journal.pone.0054447

 Akwa, Y., Purdy, R. H., Koob, G. F., and Britton, K. T. (1999). The amygdala mediates the anxiolytic-like effect of the neurosteroid allopregnanolone in rat. Behav. Brain Res. 106, 119–125. doi: 10.1016/S0166-4328(99)00101-1

 Almada, L. F. (2012). Percepção emocional e processamento de informações emocionais no reconhecimento de expressões faciais: origens psicológicas do julgamento social. Dois Pontos 9, 33–61. doi: 10.5380/dp.v9i2.26594

 Amin, Z., Canli, T., and Epperson, C. N. (2005). Effect of estrogen–serotonin interactions on mood and cognition. Behav. Cogn. Neurosci. Rev. 4, 43–58. doi: 10.1177/1534582305277152

 Andreano, J. M., and Cahill, L. (2010). Menstrual cycle modulation of medial temporal activity evoked by negative emotion. Neuroimage 53, 1286–1293. doi: 10.1016/j.neuroimage.2010.07.011

 Archer, J. (1991). The influence of testosterone on human aggression. Br. J. Psychol. 82, 1–28. doi: 10.1111/j.2044-8295.1991.tb02379.x

 Bayer, J., Schultz, H., Gamer, M., and Sommer, T. (2014). Menstrual-cycle dependent fluctuations in ovarian hormones affect emotional memory. Neurobiol. Learn. Mem. 110, 55–63. doi: 10.1016/j.nlm.2014.01.017

 Bethea, C. L., Pecins-Thompson, M., Schutzer, W. E., Gundlah, C., and Lu, Z. N. (1998). Ovarian steroids and serotonin neural function. Mol. Neurobiol. 18:87123. doi: 10.1007/BF02914268

 Bloch, M., Schmidt, P. J., Danaceau, M., Murphy, J., Nieman, L., and Rubinow, D. R. (2000). Effects of gonadal steroids in women with a history of postpartum depression. Am. J. Psychiatry 157, 924–930. doi: 10.1176/appi.ajp.157.6.924

 Book, A. S., Starzyk, K. B., and Quinsey, V. L. (2001). The relationship between testosterone and aggression: a meta-analysis. Aggress. Violent Behav. 6, 579–599. doi: 10.1016/S1359-1789(00)00032-X

 Bos, P. A., Van Honk, J., Ramsey, N. F., Stein, D. J., and Hermans, E. J. (2013). Testosterone administration in women increases amygdala responses to fearful and happy faces. Psychoneuroendocrinology 38, 808–817. doi: 10.1016/j.psyneuen.2012.09.005

 Conway, C. A., Jones, B. C., DeBruine, L. M., Welling, L. L., Law Smith, M. J., Perrett, D. I., et al. (2007). Salience of emotional displays of danger and contagion in faces is enhanced when progesterone levels are raised. Horm. Behav. 51, 202–206. doi: 10.1016/j.yhbeh.2006.10.002

 De Bondt, T., Jacquemyn, Y., Van Hecke, W., Sijbers, J., Sunaert, S., and Parizel, P. (2013). Regional gray matter volume differences and sex-hormone correlations as a function of menstrual cycle phase and hormonal contraceptives use. Brain Res. 1530, 22–31. doi: 10.1016/j.brainres.2013.07.034

 Derntl, B., Hack, R. L., Kryspin-Exner, I., and Habel, U. (2013). Association of menstrual cycle phase with the core components of empathy. Horm. Behav. 63, 97–104. doi: 10.1016/j.yhbeh.2012.10.009

 Derntl, B., Kryspin-Exner, I., Fernbach, E., Mose, E., and Habel, U. (2008a). Emotion recognition accuracy in healthy young females is associated with cycle phase. Horm. Behav. 53, 90–95. doi: 10.1016/j.yhbeh.2007.09.006

 Derntl, B., Windischberger, C., Robinson, S., Lamplmayr, E., Kryspin-Exner, I., Gur, R. C., et al. (2008b). Facial emotion recognition and amygdala activation are associated with menstrual cycle phase. Psychoneuroendocrinology 33, 1031–1040. doi: 10.1016/j.psyneuen.2008.04.014

 Ekman, P., and Friesen, W. V. (1976). Pictures of Facial Affect. Palo Alto, CA. Consulting Psychologists Press.

 Epperson, C. N., Wisner, K. L., and Yamamoto, B. (1999). Gonadal steroids in the treatment of mood disorders. Psychosom. Med. 61, 676–697. doi: 10.1097/00006842-199909000-00010

 Farage, M. A., Osborn, T. W., and Maclean, A. B. (2008). Cognitive, sensory, and emotional changes associated with the menstrual cycle: a review. Arch. Gynecol. Obstet. 278, 299–307. doi: 10.1007/s00404-008-0708-2

 Fessler, D. M. T. (2002). Reproductive immunosuppression and diet. Curr. Anthropol. 43, 19–61. doi: 10.1086/324128

 Fessler, D. M. T., Eng, S. J., and Navarrete, C. D. (2005). Elevated disgust sensitivity in the first trimester of pregnancy: evidence supporting the compensatory prophylaxis hypothesis. Evol. Hum. Behav. 26, 344–351. doi: 10.1016/j.evolhumbehav.2004.12.001

 Fitch, R. H., and Denenberg, V. H. (1998). A role for ovarian hormones in sexual differentiation of the brain. Behav. Brain Sci. 21, 311–352. doi: 10.1017/S0140525X98001216

 Flaxman, S. M., and Sherman, P. W. (2000). Morning sickness: a mechanism for protecting mother and embryo. Q. Rev. Biol. 75, 113–148. doi: 10.1086/393377

 Fleischman, D. S., and Fessler, D. M. (2011). Progesterone's effects on the psychology of disease avoidance: support for the compensatory behavioral prophylaxis hypothesis. Horm. Behav. 59, 271–275. doi: 10.1016/j.yhbeh.2010.11.014

 Fleischman, D. S., Navarrete, D., and Fessler, D. (2010). Oral contraceptives suppress ovarian hormone production. Psychol. Sci. 21, 750–752. doi: 10.1177/0956797610368062

 Freeman, E. W., Kroll, R., Rapkin, A., Pearlstein, T., Brown, C., Parsey, K., et al. (2001). Evaluation of a unique oral contraceptive in the treatment of premenstrual dysphoric disorder. J. Womens Health Gend. Based Med. 10, 561–569. doi: 10.1089/15246090152543148

 Garver-Apgar, C. E., Gangestad, S. W., and Thornhill, R. (2008). Hormonal correlates of women's mid-cycle preference for the scent of symmetry. Evol. Hum. Behav. 29, 223–232. doi: 10.1016/j.evolhumbehav.2007.12.007

 Gingnell, M., Bannbers, E., Moes, H., Engman, J., Sylvén, S., Skalkidou, A., et al. (2015). Emotion reactivity is increased 4–6 Weeks Postpartum in healthy women: a longitudinal fMRI study. PLoS ONE 10:e0128964. doi: 10.1371/journal.pone.0128964

 Gingnell, M., Engamn, J., Frick, A., Moby, L., Wikstrom, J., Fredrikson, M., et al. (2013). Oral contraceptive use changes brain activity and mood in women with previous negative affect on the pill–a double-blinded, placebo-controlled randomized trial of a levonorgestrel-containing combined oral contraceptive. Psychoneuroendocrinology 38, 1133–1144. doi: 10.1016/j.psyneunen.2012.11.006

 Gingnell, M., Morell, A., Banbers, E., Wikstrom, J., and Sundstrom-Poromaa, I. (2012). Menstrual cycle effects on amygdala reactivity to emotional stimulation in premenstrual dysphoric disorder. Horm. Behav. 62, 400–406. doi: 10.1016/j.yhbeh.2012.07.005

 Goldstein, J. M., Jerram, M., Poldrack, R., Ahern, T., Kennedy, D. N., Seidman, L. J., et al. (2005). Hormonal cycle modulates arousal circuitry in women using functional magnetic resonance imaging. J. Neurosci. 25, 9309–9316. doi: 10.1523/JNEUROSCI.2239-05.2005

 Griksiene, R., and Ruksenas, O. (2011). Effects of hormonal contraceptives on mental rotation and verbal fluency. Psychoneuroendocrinology 36, 1239–1248. doi: 10.1016/j.psyneuen.2011.03.001

 Guapo, V. G., Graeff, F. G., Zani, A. C., Labate, C. M., dos Reis, R. M., and Del-Ben, C. M. (2009). Effects of sex hormonal levels and phases of the menstrual cycle in the processing of emotional faces. Psychoneuroendocrinology 34, 1087–1094. doi: 10.1016/j.psyneuen.2009.02.007

 Hamstra, D. A., de Kloet, E. R., Quataert, I., Jansen, M., and Van der Does, W. (2017). Mineralocorticoid receptor haplotype, estradiol, progesterone and emotional information processing. Psychoneuroendocrinology 76, 162–173. doi: 10.1016/j.psyneunen.2016.11.037

 Hamstra, D. A., de Kloet, E. R., van Hemert, A. M., de Rijk, R. H., and Van der Does, A. J. (2015). Mineralocorticoid receptor haplotype, oral contraceptives and emotional information processing. Neuroscience 286, 411–422. doi: 10.1016/j.neuroscience.2014.12.004

 Hamstra, D. A., De Rover, M., De Rijk, R. H., and Van der Does, W. (2014). Oral contraceptives may alter the detection of emotions in facial expressions. Eur. Neuropsychopharmacol. 24, 1855–1859. doi: 10.1016/j.euroneuro.2014.08.015

 Hamstra, D. A., Kloet, E. R., Tollenaar, M., Verkuil, B., Manai, M., Putman, P., et al. (2016). Mineralocorticoid receptor haplotype moderates the effects of oral contraceptives and menstrual cycle on emotional information processing. J. Psychopharmacol. 30, 1054–1061. doi: 10.1177/0269881116647504

 Hermans, E. J., Ramsey, N. F., and van Honk, J. (2008). Exogenous testosterone enhances responsiveness to social threat in the neural circuitry of social aggression in humans. Biol. Psychiatry 63, 263–270. doi: 10.1016/j.biopsych.2007.05.013

 Hiroi, R., and Neumaier, J. F. (2006). Differential effects of ovarian steroids on anxiety versus fear as measured by open field test and fear-potentiated startle. Behav. Brain Res. 166, 93–100. doi: 10.1016/j.bbr.2005.07.021

 Johnson, M. R., Carter, G., Grint, C., and Lightman, S. L. (1993). Relationship between ovarian steroids, gonadotrophins and relaxin during the menstrual cycle. Acta. Endocrinol. 129, 121–125.

 Jones, B. C., Little, A. C., Boothroyd, L., DeBruine, L. M., Feinberg, D. R., Smith, M. J., et al. (2005). Commitment in relationships and preferences for femininity and apparent health in faces are strongest on days of the menstrual cycle when progesterone level is high. Horm. Behav. 48, 283–290. doi: 10.1016/j.yhbeh.2005.03.010

 Kamboj, S. K., Krol, K. M., and Curran, H. V. (2015). A specific association between facial disgust recognition and estradiol levels in naturally cycling women. PLoS ONE 10:e0122311. doi: 10.1371/journal.pone.0122311

 Klink, R., Robichaud, M., and Debonnel, G. (2002). Gender and gonadal status modulation of dorsal raphe nucleus serotonergic neurons. Part II. Regulatory mechanisms. Neuropharmacology 43, 1129–1138. doi: 10.1016/S0028-3908(02)00218-6

 Little, A. C. (2013). The influence of steroid sex hormones on the cognitive and emotional processing of visual stimuli in humans. Front. Neuroendocrinol. 34, 315–328. doi: 10.1016/j.yfrne.2013.07.009

 Macrae, C. N., Alnwick, K. A., Milne, A. B., and Schloerscheidt, A. M. (2002). Person perception across the menstrual cycle: hormonal influences on social-cognitive functioning. Psychol. Sci. 13, 532–536. doi: 10.1111/1467-9280.00493

 Maki, P. M., Rich, J. B., and Rosenbaum, R. S. (2002). Implicit memory varies across the menstrual cycle: estrogen effects in young women. Neuropsychologia 40, 518–529. doi: 10.1016/S0028-3932(01)00126-9

 Maner, J. K., and Miller, S. L. (2014). Hormones and social monitoring: menstrual cycle shifts in progesterone underlie women's sensitivity to social information. Evol. Hum. Behav. 35, 9–16. doi: 10.1016/j.evolhumbehav.2013.09.001

 Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., and PRISMA Group. (2009). Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 6, 264–269. doi: 10.1371/journal.pmed.1000097

 Mordecai, K. L., Rubin, L. H., and Maki, P. M. (2008). Effects of menstrual cycle phase and oral contraceptive use on verbal memory. Horm. Behav. 54, 286–293. doi: 10.1016/j.yhbeh.2008.03.006

 Ossewarde, L., Hermans, E. J., van Wingen, G. A., Kooijman, S. C., Johansson, I. M., Bäcksträm, T., et al. (2010). Neural mechanisms underlying changes in stress-sensitivity across the menstrual cycle. Psychoneuroendocrinology 35, 47–55. doi: 10.1016/j.psyneuen.2009.08.011

 Osterlund, J. K., and Hurd, Y. L. (2001). Estrogen receptors in the human forebrain and the relation to neuropsychiatric disorders. Prog. Neurobiol. 64, 251–267. doi: 10.1016/S0301-0082(00)00059-9

 Pearson, R., and Lewis, M. B. (2005). Fear recognition across the menstrual cycle. Horm. Behav. 47, 267–271. doi: 10.1016/j.yhbeh.2004.11.003

 Pearson, R. M., Lightman, S. L., and Evans, J. (2009). Emotional sensitivity for motherhood: late pregnancy is associated with enhanced accuracy to encode emotional faces. Horm. Behav. 56, 557–563. doi: 10.1016/j.yhbeh.2009.09.013

 Poromaa, I. S., and Gingnell, M. (2014). Menstrual cycle influence on cognitive function and emotion processing – from a reproductive perspective. Front. Neurosci. 8, 1–16.

 Poromaa, I. S., and Segebladh, B. (2012). Adverse mood symptoms with oral contraceptives. Acta Obstet. Gynecol. Scand. 91, 420–427. doi: 10.1111/j.1600-0412.2011.01333.x

 Radke, S., and Derntl, B. (2016). Affective responsiveness is influenced by intake of oral contraceptives. Eur. Neuropsychopharmacol. 26, 1014–1019. doi: 10.1016/j.euroneuro.2016.03.004

 Roos, A., Robertson, F., Lochner, C., Vythilingum, B., and Stein, D. J. (2011). Altered prefrontal cortical function during processing of fear-relevant stimuli in pregnancy. Behav. Brain Res. 222, 200–205. doi: 10.1016/j.bbr.2011.03.055

 Rosa e Silva, A. C. J. S., and Sá, M. F. S. (2006). Effect of sexual steroids on mood and cognition. Rev. Psiq. Clín. 33, 60–67. doi: 10.1590/S0101-60832006000200005

 Rubin, L. H., Carter, C. S., Drogos, L., Jamadar, R., Pournajafi-Nazarloo, H., Sweeney, J. A., et al. (2011). Sex-specific associations between peripheral oxytocin and emotion perception in schizophrenia. Schizophr. Res. 130, 226–270. doi: 10.1016/j.schres.2011.06.002

 Rubinow, D. R., Smith, M. J., Schenkel, L. A., Schmidt, P. J., and Dancer, K. (2007). Facial emotion discrimination across the menstrual cycle in women with premenstrual dysphoric disorder (PMDD) and controls. J. Affect. Disord. 104, 37–44. doi: 10.1016/j.jad.2007.01.031

 Sabino, A. D. V., Chagas, M. H. N., and Osório, F. L. (2016). Effects of psychotropic drugs used in the treatment of anxiety disorders on the recognition of facial expressions of emotion: critical analysis of literature. Neurosci. Biobehav. Rev. 71, 802–809. doi: 10.1016/j.neubiorev.2016.10.027

 Sanders, G., Sjodin, M., and de Chastelaine, M. (2002). On the elusive nature of sex differences in cognition: hormonal influences contributing to within sex variation. Arch. Sex. Behav. 31, 145–152. doi: 10.1023/A:1014095521499

 Schultheiss, O. C., Wirth, M. M., and Stanton, S. J. (2004). Effects of affiliation and power motivation arousal on salivary progesterone and testosterone. Horm. Behav., 46, 592–599. doi: 10.1016/j.yhbeh.2004.07.005

 Stanton, S. J., Wirth, M. M., Waugh, C. E., and Schultheiss, O. C. (2009). Endogenous testosterone levels are associated with amygdala and ventromedial prefrontal cortex responses to anger faces in men but not women. Biol. Psychol. 81, 118–122. doi: 10.1016/j.biopsycho.2009.03.004

 Toffoletto, S., Lanzenberger, R., Gingnell, M., Sundström-Poromaa, I., and Comasco, E. (2014). Emotional and cognitive functional imaging of estrogen and progesterone effects in the female human brain: a systematic review. Psychoneuroendocrinology 50, 28–52. doi: 10.1016/j.psyneuen.2014.07.025

 Torro-Alves, N. (2013). Recognition of static and dynamic facial expressions: a study review. Estudos Psicol. 18, 125–130. doi: 10.1590/S1413-294X2013000100020

 Torro-Alves, N., Bezerra, I. A. O., Claudino, R. G., Rodrigues, M. R., Machado-de-Sousa, J. P., Osório, F. L., et al. (2016). Facial emotion recognition in social anxiety: the influence of dynamic information. Psychol. Neurosci. 9, 1–11. doi: 10.1037/pne0000042

 van Honk, J., and Schutter, D. J. (2007). Testosterone reduces conscious detection of signals serving social correction implications for antisocial behavior. Psychol. Sci. 18, 663–667. doi: 10.1111/j.1467-9280.2007.01955.x

 van Wingen, G. A., Ossewaarde, L., Bäckström, T., Hermans, E. J., and Fernández, G. (2011). Gonadal hormone regulation of the emotion circuitry in humans. Neuroscience 191, 38–45. doi: 10.1016/j.neuroscience.2011.04.042

 van Wingen, G. A., van Broekhoven, F., Verkes, R. J., Petersson, K. M., Backstrom, T., Buitelaar, J. K., et al. (2008). Progesterone selectively increases amygdala reactivity in women. Mol. Psychiatry 13, 325–333. doi: 10.1038/sj.mp.4002030

 van Wingen, G. A., Zylicz, S. A., Pieters, S., Mattern, C., Verkes, R. J., Buitelaar, J. K., et al. (2009). Testosterone increases amygdala reactivity in middle-aged women to a young adulthood level. Neuropsychopharmacology 34, 539–547. doi: 10.1038/npp.2008.2

 Yonkers, K. A., Brown, C., Pearlstein, T. B., Foegh, M., Sampson-Landers, C., and Rapkin, A. (2005). Efficacy of a new low-dose oral contraceptive with drospirenone in premenstrual dysphoric disorder. Obstet. Gynecol. 106, 492–501. doi: 10.1097/01.AOG.0000175834.77215.2e

 Zhang, W., Zhou, R., and Ye, M. (2013). Menstrual cycle modulation of the late positive potential evoked by emotional faces. Percept. Mot. Skills 116, 707–723. doi: 10.2466/22.27.PMS.116.3.707-723

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2018 Osório, de Paula Cassis, Machado de Sousa, Poli-Neto and Martín-Santos. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpsyg-09-00529-t002.jpg
Study Design Results

Pearson and Lewis, 2005 Gross-sectional + acouracy during pre-ovulation/ovulation for fear (LFP >EFP: p < 0.05)
Group comparison + E 1 accuracy for fear (r = 0.987; p < 0.01)
Correlational No significant difference for response time

Derntl et al., 2008a Cross-sectional + accuracy during the early and late follicular phase (EFP/LFP > ELP/LLP: p = 0.02)
Group comparison + P | total acouracy (r = ~0.41; p = 0.023)
Correlational E = no correlation with total acuracy

No significant emotion-by-group interaction for accuracy (o = 0.43)
+ E 1 number of stimul classified as anger ( 0019)
P 1 number of stim: .40;
P4 number of stimui classified as netral - = ~0.56; p = 0.002)

ELP/LLP: 1 number of stimuii classified as anger (o = 0.011) and disgust (p = 0.014)

Derntl et al., 2008b Gross-sectional + aceuracy during the follcular phase (o = 0.011)
Group comparison No significant emotion-by-group interaction for accuracy (b = 0.62)
Correlational No significant correlations between hormone levels (E/P) and accuracy
No significant association between hormone levels and response times (o = 0.74)
Guapo etal,, 2009 Gross-sectional + accuracy during the early follcular phase for anger (o = 0.004) and sadness o =
Group comparison 0.048) (EFP > LFP, ELP, LLP)
Correlational No significant association for disgust (p = 0.48), fear (o > 0.05), happiness (p = 0.85)

and surprise (p = 0.59)
+ E 4 accuracy for anger (r = ~0.38, p = 0.04)

Derntl et al, 2013 Cross-sectional + acouracy during the early foliular phase (EFP > ELP/LLP - p = 0,04, n3 = 0.11)
Group comparison No difference between groups for response times (o = 0.32)
No significant emotion-by-group interaction for accuracy (p = 0.16) and response
times (o = 0.60)
Kamboj et al., 2015 Cross-sectional P = no significant comelation with accuracy (- = —0.26 10 0.05, p > 0.05)
Corelational + E | accuracy for anger (r = ~0.45, p = 0.005)
P | number of stimuli classified as neutral ( = ~0.32, p > 0.05)
1 E 4 number of stimuli classified as disgust ( = ~0.34, p > 0.05)

1 P 1 response time for anger (r = 0.38, p < 0.05), happiness (r = 0.40, p < 0.005),
sadness = 0.51,p < 0.001) and neutral faces (- = 0.42, p < 0.005)
£ =no correlation with response times (r = 0.10-0.28, p > 0.05)

Conway etal., 2007 Longitudinal + P = increased tendency to perceive expressions of fear (o = 0.03) and disgust (p =
0.06) with averted gaze as more intense than those with direct gaze
+ P = no significant association with happiness (o = 0.278)

Rubinow et al., 2007 Longitudinal No difference in response bias between phases (EFP/LFP = ELP/LLP)

Rubin et al., 2011 Longitudinal + accuracy during the early folicular phase (EFP > ELP/LLP; p < 0,05, d = 1.00)

No significant emotion-by-group interaction for accuracy No significant correlation
between hormone levels (E/P) and accuracy
No difference in response times between phases (p > 0.05)

Gingnell et al., 2012 Longitudinal No difference in acouracy (p = 0.29, d = 0.40) and response times (o = 0.57,
d'=0.21) between phases.

Zhang ot al,, 2018 Longitudinal No difference in accuracy (p = 0.52)
LLP x EFP:d = 00

Maner and Millr, 2014 Cross-sectional 0C: | accuracy for anger, disgust, fear, sadness (OC < NC; p = 0.087, n3 = 0.20)
Group comparison NC: 1 P 1 accuracy for anger, disgust, fear, sadiness (- = 0.45; p = 0.037)
Correlational 0C = P no significant correlation with acuracy (r = 0.10, p = 0.67)

Hamstra et al, 2015 Gross-sectional Group 0C = | acauracy for anger (OC < N; p = 0.02, %, = 0.064) and sadness (o = 001,

comparison 2p=007)
OC = 1 intensity for the recognition of anger (o = 0.001; 3 = 0.33) and fear (o =
0,006, n3 = 0.26) (OC > NC)

Radke and Dernt, 2016 Gross-sectional No difference in accuracy between groups (o > 0.54)
Group comparison No significant emotion-by-group interaction for accuracy (p > 0.54)

Hamstra et al, 2016 Gross-sectional OG with MR HT 1/3: | accuracy (OC MR HT1/3 < NC [18-25 days] MR HT 1/3;p =
Group comparison 00113

No difference between OC and NG (2-5 days)

Hamstra et al, 2017 Cross-sectional OC: | accuracy for happiness (OC < NG; p = 0.017; hp? =0.07) and sadness (OC <
Group comparison NC; p = 0.048; hp? = 0.05)
Correlational OC: | response time for anger (OC < NG; p = 0.047; hp? =0.05) and happiness (OC

< NC; p = 0.005; hp? =0.009)
E fsadness (- = 0.20; p = 0.048)
+ E 1 happiness for MR HT 1/3 (- = 0.39; p = 0.008)

Gingnel et al, 2013 RCT, Placebo No differences in accuracy and response time between groups or phases of the
menstrual cycle

Hamstra et al., 2014 RCT, Placebo OC = § accuracy for anger, (o = 0,001, 3 = 0.27), sadness (o = 0.03, 3 = 0.37)
and disgust (o = 0.02, n3 = 0.13) (OC < NC)
0C = | response time for disgust (1 = 0.08, p = 0.08) and sadness (13 = 0.14,p

=0.02)
Pearson et al,, 2009 Longtudinal + accuracy during late pregnancy for anger (o < 0.05; d = 0.23), disgust (o < 0.01;
=0.47) and fear (o < 0.01; d'= 0.28) (LP > EP)
Gingnel et al, 2015 Longitudinal Group No difference in accuracy (EPP x LPP x EFP/LFP x ELP/LLP, p = 0.84) and
comparison response time (o = 0.89) between groups,

van Honk and Schuter, RCT, Placebo, T = o significant overall reduction in accuracy [T = PL, Z (1.16) = =1.80, prep =

2007 Gross-over 085,r=033)
= | accuracy for threatening faces [threat > non-threat - Z (1.15) = ~1.99, prep =
088, r = 0.36]

= no significant results for cisgust [Z (1.16) = —1.12) and fear [Z (1.15) =
T= | accuracy for anger [Z (1.15) = —2.28, prep = 0.92,7 = 0.42]
No difference in emotional inensity between groups (T = PG; p > 0.25)

1.28)

van Wingen et al,, 2009 RCT, Placebo, T = o association vith accuracy (o > 0.4) or response time (o > 0.70)
Cross-over

van Wingen et al, 2008 RCT, Placebo, P = no assodiation with accuracy (o > 0.05) or response time (o > 0.05)
Cross-over

d, Cohen's d; E, estradil; EFP, earty follcular phase; ELP, early luteal phase; ER, early pregnaricy; EPP, early postartum; LFR,late follcular phase; LLP, late uteal phase; LR late pregnancy;
LPR, late postpartum; nf, partiel eta?; MR HT 1/3, mineralocorticoid receptor haplotype 1/3 cartiers; NC, naturall cycling women; OC, oral contraceptive users; R progesterone; p,
p-value; RCT, randomized clinical trial: r, correlation coefficient; T, testosterone; 1, increase; |, decrease.
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Derntl et al., 2008 Cross-sectional Functional data
Group comparison © Biateral amygdala activation to all emotions and neutral faces in the folicular phase
Correlational ROl analysis

* Stronger amygdala response in EFP/LFP (o = 0.049)

+ Folicular phase = stronger amygdala activation, biaterally for disgust (EFP/LFP > ELP/LLP left, p = 0.038;
right, p = 0.001) and right-sided for happiness (EFP/LFP > ELP/LLP: p = 0.037)

* 4Pt amygdala responseto fear (r = ~0.440, p = 0.046), neutral faces (r = ~0.488, p = 0.025) and sachess
(= ~0.442, p = 0.045)

no significant correlation

Whole-slab analysis

« EFP/LFP—stronger response of medial temporal regions during recognition of disgust (p = 0.002) and
sadness (p = 0.001)

« EFP/LFP—stronger activation in the hippocampal area for neutral faces (p = 0.001)

Gingnel etal,, 2012 Longitudinal Reactivity
Correlational « 1 left amygdala reactiity in the late luteal phase (LLP > EFP/LFP)
Correlation

o correlation with amygdala reactivity
o correlation with amygdala reactivity

Habituation of bilateral amygdala reactivity

« EFP/LFP = right amygdala first session > second session (p = 0.02);left amygdala second session > first
session (p = 0.003)

* LLP = no significant clusters found

Gingnellet al,, 2013 RCT, Placebo Reactivity
* OC | left insula rectiity
« OC | reactivty in loft midcle rontal gyrus and biateral inferor frontal gyrus (OC < NG, p < 0.001)
« OC | reactivty in the bilateral inferior frontal gyri (pretreatment > after treatment, p < 0.001)

Roos et al. (2011) Longitudinal Activation
« 1 prefrontal cortex activation to fearful faces compared to rest in both pregnancy and non-pregnancy
« 2ndtrimester: 1 prefrontal cortex activation to fearful faces (2nd trimester > 1st and 3rd trimesters)
« 1 prefrontal cortex activation significantly associated with increased levels of testosterone in pregnancy

Gingnelletal, 2015 Longitudinal Reactivity
Group comparison « EPP | reactivity in the right insula, bilateral inferior frontal gyrus, and left middle frontal gyrus (EPP < LPP, p
<0.005)

+ Increased reactivity in the insula and inferior frontal gyrus in postpartum compared to non-pregnant women
+ No significant clusters found
+ No correlation between brain reactivity and /P to any of the postpartum time points (p = NA)

T R

Stanton et al, 2009 Cross-sectional No effect of testosterone levels on amygdala BOLD response to angry-neutral face contrasts (eft amygdala: r
Correlational =0.14,p = 0.63 - right amygdala: r = 0,28, p = 0.42)

Hermans etal, 2008 ROT, Placebo, Gross-over  » T 1 left orbiofrontal cortex to angry faces (p < 0.001)

van Wingen et al, RCT, Placebo, Cross-over  Neural response.
2009 * T1 left amygdala (o < 0.001) and right amygdala (o = 0.008) reactiviy in middle-aged women

T 1 neural response to emotional faces in the inferior frontal and middle temporal gyri (o < 0.001)

« T | newral response to emotional faces in the precuneus (p < 0.001)

Correlation

* 1T neuralresponsesin the midde frontal gyrus, superior frontal gyrus, supramarginal gyrus, and precuneus

(o <0.001)

© 1 T | responses in the orbitofrontal cortex and occipital gyrus

T no significant correlations with amygdala reactivity

ROl analysis

« 1 amygdala reactivity in young compared to middie-aged women (eft: £(40) = 3.1, p = 0.004; effect size: r
0.44;1ight: €40) = 2.1, p = 0043, = 0.31)
* T 1 left amygdala reactivity in midcle-aged women (eft:t(24) = 2.2, p = 0.085, r = 0.41; right: 124) = 1.3,

p=019,r=027)

Bos etal, 2018 RCT, Placebo, Gross-over  » Tt right amygdala activation (ight pane) for fear and happiness (T > placebo; p < 0.05)
Amygdala subregions.
« SFA: most prominent effect of testosterone (o = 0.007, n3 = 0.63)
 BLA: trend toward stronger responses after testosterone (o = 0.098, n3 = 0.37)
* MA: no effect of drug (o = 0.74, n3 = 0.06)
ficant min effect or interaction involving hemispheres was found in neither of the three subregions
BOLD response to presentation of faces across drug conditions
* SFA: significant responses (p = 0.001, n2p
* BLA: significant responses (o < 0.001, n2p
« GMA: no significant responses (p > 0.005)
Correlation
 Testosterone not correlated with amygdala activation (o > 0.05)

van Wingen et l., RCT, Placebo, Cross-over  Reactivity
2008 « P 1 response in right (o = 0.001) and left amygdala (o = 0.005)

« P=noinfluence on neural activity in other brain areas

BLA, basolateral amygdala; CMA, central-medial amygdla; €, estraciol; EF. early follcuiar phase; ELF, early luteal phase; EPP, early postpartum; LFR, late follfular phase; LLR, late kuteal
phase; LPP, late postpartum; n?, partialeta?; NC, naturally cycling women; NA, not avaiable; OC, oral contraceptive users; P, progesterone; RCT, randomized clinical rai: ; correlation
coefficient: SFA, superficial amygdala; T, testosterone; 1, increase; |, decrease.
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Author (Year) Country  Design/sample N

‘Age mean (SD)

Level of education
(years) mean (SD)

Cycle Method of hormone
phase/pregnancy’  analysis

Hormone levels (units) mean
(sD)

Pearson and Lewis, 2005  ENG Cross-sectional 12
Group comparison 1
Corelational 13
University students 14

Derntl et al, 2008a AUT Cross-sectional Group 15
‘comparison Correlation 17
University Student

Derntl et al,, 20080 AUT Cross-sectional 1
Group comparison 1
Correfational
University Student

Guapo etal, 2009 BRA Cross-sectional 1
Group comparison 9
Correlational 10
Students

Derntletal, 2013 AT Cross-sectional 20
Group comparison 17
University students

Kamboj et al, 2015 ENG  Cross-sectional 16
Corretational 14
Community 14

Conway etal, 2007 '3 Longitudinal 22
University students

Rubinow et al, 2007 UsA Longttudinal 27
Community

Rubin et al., 2011 USA Longitudinal 31
Community

Gingnell et al., 2012 SWE Longitudinal 15
Community

Zhang et dl., 2013 CHN  Longtudinal 26
Community

Maner and Miler, 2014 USA

Cross-sectional 22
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“lectrochemiuminescence immunassay (ECLIA, Johnson et al., 1993).
bChemiluminescent immunoassay (mmulite, 2000).

<Enzyme-linked immunoassay method from DRG (DRG Marburg, Germany).
9Luminescence immunassay kits (Hamburg, Germany).

°Estradiol by double-antibody radioimmunoassay (RIA; Diagnostic Products, Los Angeles, CA), progesterone by Coat-a-Count coated tube RIA (Diagnostic Products, Los Angeles, CA).

/Competitive immunometry electrochemistry luminescence.

SHighly sensitive luminescence assays of IBL at Ganzimmun Diagnostics AG (D).
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ISolid-phase Coat-A-Count'? | radioimmuncassays (Schutheiss ot al, 2004).
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“The phases of the menstrual cycle/pregnancy were categorized according to the parameters described by Poromaa and Gingnell (2014) considering the days of the menstrual cycle when women were evaluated.
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