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Abstract

Prior research suggests that hormones, notably androgens, influence facial emotion recognition
(FER). Most women with Polycystic Ovary Syndrome (PCOS) have elevated androgen levels
and related androgenic symptoms, yet no study has directly explored the relationship between
PCOS symptoms and FER. This thesis addressed this gap by investigating FER and self-reported
PCOS symptoms. During the FER task, men and women identified emotions (anger, disgust,
happiness, sadness or neutral) in images of emotional facial expressions. Both overall FER and
accuracy recognizing each individual emotion were examined. PCOS symptom severity was
assessed in women via self-report measures, including the Polycystic Ovary Syndrome
Questionnaire (PCOSQ). Consistent with previous research, women were more accurate than
men on FER. Additionally, women with provisional PCOS diagnoses were significantly less
accurate at overall facial emotion recognition than women without provisional PCOS diagnoses,
but this effect was driven by less accurate fear recognition. There was also a significant negative
correlation between FER performance for fear and PCOS symptom severity (e.g., Hair Severity).
A significant linear trend emerged for overall facial emotion recognition, revealing men as the
least accurate, followed by women with provisional PCOS, and women without PCOS. These
findings are consistent with the theory that androgens affect emotion recognition and suggest
implications for PCOS symptoms on women's emotional well-being. The results may partly
explain higher rates of mood disorders in women with PCOS and allow women with PCOS and

healthcare providers to better understand the effects of PCOS.
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Facial Emotion Recognition in Women with Symptoms of Polycystic Ovary Syndrome

Recognizing emotions in faces is an essential social skill, and research suggests it is
affected by many factors. Some of the factors include age (Abbruzzese et al., 2019), alcohol use
(Khouja et al., 2019), other drug use (e.g., cannabinoids (Hindocha et al., 2015), cocaine
(Kuypers et al., 2015), exercise (Brand et al., 2019), sleep (de Almondes et al., 2016), emotional
affect (Schmid & Schmid Mast, 2010), mental illnesses (e.g., Bourke et al., 2010; Rocca et al.,
2009), pregnancy (Pearson et al., 2009), menstrual cycle phase (Osorio et al., 2018), personality
traits (Megreya & Bindemann, 2013), oral contraceptive [OC] use (e.g., Gamsakhurdashvili et
al., 2021), sex (e.g., Abbruzzese et al., 2019), and hormones (e.g., Osdrio et al., 2018)). Research
on hormones and facial emotion recognition suggests testosterone (T), an androgen, may affect
our ability to identify emotions from faces (e.g., Bos et al., 2013). Androgen levels differ
between men and women, and there are also individual differences in endogenous androgen
levels between women. Endogenous androgen levels have been found to be altered and elevated
in women with Polycystic Ovary Syndrome (PCOS) when compared to women without PCOS
(Azziz, 2006). Despite evidence suggesting that androgens may affect our ability to identify
emotions from faces, no published study has explicitly examined any links between PCOS
symptomology and facial emotion recognition. The present study addresses this gap in the
literature by examining whether PCOS symptoms are related to facial emotion recognition
performance.
Facial Emotion Processing and Emotion Recognition

Facial emotion processing may be conceptualized as a hierarchy, with certain parts of the
process requiring less cognitive resources than others (Mohanty & Sussman, 2013). One aspect

of facial emotion processing is the detection of an emotion on a face (i.e., being aware that a face
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has an emotion), which occurs because emotional stimuli capture our attention involuntarily
(Mohanty & Sussman, 2013). For example, angry faces are detected faster than neutral faces in a
crowd, likely because the emotional (angry) faces capture attention over the non-emotional
(neutral) faces (Mohanty & Sussman, 2013). Another aspect of facial emotion processing is the
recognition of what emotion is being shown on a face, which requires categorization of the
emotion (e.g., as happy, sad, angry), which is more cognitive based than emotion detection
(Goren & Wilson, 2006). Importantly the literature reviewed in this thesis focuses on several

aspects of the facial emotion processing, including facial emotion recognition.

Sex Differences in Emotion Recognition Abilities

As mentioned above, the ability to recognize emotions from facial expressions seems to
differ across the sexes, with women being faster and more accurate at identifying emotions than
men. The most recent review on the topic of gender differences in emotion recognition was
published by Thompson and Voyer (2014) who reviewed 166 studies. The review identified that
women had a small overall advantage over males, for both accuracy and speed measures, and
this advantage is present for all emotions (Effect Size [ES] = small). There were no differences
in effect size depending on how the emotion was presented (e.g., using pictures, using videos, or
using voice only). However, there was a difference in effect size depending on the emotion, with
the smallest sex difference for surprise (ES = small) and the largest sex difference for anger (ES
= small). Overall, the results from the meta-analysis provide evidence of a female advantage for
all emotions (i.e., happy, angry, sad, fear, surprise, and disgust) and an even greater advantage
for the emotion of anger. These six emotions are referred as the basic emotions by Thomson and

Voyer (2014). They mention that these emotions are the ones for which studies often find a
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larger female advantage. As well, these emotions are often used in the facial emotion research
methodology, with a few studies adding in neutral expressions (Wingenbach et al., 2018).

Since the meta-analysis by Thompson and Voyer (2014) looked only at studies until
December 2012, it is important to determine what relevant articles have been published after
2012. A search of Psychlnfo and PubMed was conducted using the search terms ("emotion
recognition” or "affect recognition" or "nonverbal communication" or "emotion detection"”) and
(gender or sex) for studies published after December 2012. The search obtained 44 results, but
only four results were relevant to the topic of facial emotion processing. One study of older
(above 60) adults (n = 32) and younger adults (below 60) (n =28) had participants complete two
tasks (Abbruzzese et al., 2019). In the first task, participants identified which emotion was shown
on a face out of six possible emotions (fear, anger, happiness, sadness, disgust, surprise, and
neutral). In the second task, participants compared two faces with an emotional expression and
indicated if the emotion was the same or different across the faces. Only in the older adult group
did women were both more accurate (number correct) and faster (RT) than men at identification
and discrimination tasks, with older women being more accurate at recognizing anger and
surprise compared to men (Abbruzzese et al., 2019). In another study, Connolly et al. (2019) had
young adults (N = 303) identify which emotion was shown on a face out of six possible emotions
(fear, anger, happiness, sadness, disgust, surprise, and neutral), and women were more accurate
and faster at identifying only disgust when compared to men. However, Wingenbach et al.
(2018) found that when viewing one-second-long video clips of facial expressions, women were
more accurate than men at identifying the correct emotional expression across the different
emotions and that the female advantage was at a similar magnitude across all the emotion types

(N=111). A fourth study employed a slightly different methodology, looking at emotion
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discrimination where they presented emotional faces and asked participants to identify a happy
or angry face amongst a crowd of neutral faces (Sawada et al., 2014). They found that women
and men (N = 90) were comparable in how quickly they were able to find angry or happy faces.
But this methodology likely assesses other aspects of facial emotion processing, and cognitive
skills, including visual scanning, visual attention, and processing speed. Overall, three of the four
studies were in line with the findings of Thompson and Voyer (2014) and found women tend to
be faster and more accurate at identifying facial emotions. However, amongst the three studies,
there was no consensus on which emotions women had better performance men on. Some studies
(e.g., Abbruzzese et al., 2019; Connolly et al., 2019) found sex differences in specific emotions
(anger, surprise and disgust), and other studies (e.g., Wingenbach et al., 2018) found a sex
difference across all the emotions.

Overall, Thompson and Voyer’s (2014) review and the four studies reviewed here
suggest that there are sex differences in emotion recognition across women and men, with
women having a slight advantage over men across all emotions. Given that men and women
differ in gonadal hormone levels such as androgens, the evidence of sex differences suggests
gonadal hormones may play a role in facial emotion recognition.

Androgens and Facial Emotion Recognition

In addition to research suggesting that facial emotion recognition abilities differ on
average between men and women, there is also research on how gonadal hormones such as
testosterone (T) may affect this ability. One study that included both men and women found that
those with higher salivary T levels had a bias towards angry faces. That is, they miscategorized
neutral expressions as anger, and spent longer looking at images of angry faces than individuals

with lower levels of T (Wirth & Schultheiss, 2007).



EMOTION RECOGNITION & POLYCYSTIC OVARY SYNDROME 13

In addition to studies that included both men and women, some research has focused on
how T levels affect emotion recognition in each group (i.e., only men or only women). Several
studies have examined correlations between T levels and performance on emotion recognition
tasks in men because men have a higher level of endogenous T compared to women (e.g., Derntl
et al., 2009). One study reported a significant negative correlation (7; = -.395) between T levels
and emotion recognition accuracy for disgust (Rukavina et al., 2018). Furthermore, when men
were divided into high T (above median) and low T (below median), the largest difference
between groups was present when detecting fear, with the lower T group being more accurate the
higher T group (Rukavina et al., 2018). However, some studies contradict Rukavina et al. (2018),
finding that men with higher T levels have higher accuracy levels than men with lower T levels
across different emotions, including anger, sadness, disgust, and fear (e.g., Lausen et al., 2020;
Zilioli et al., 2014). As a result of these contradictory findings, researchers have hypothesized
that other hormones, such as cortisol, moderate the effect of T on FER, explaining why the
relationship between T and emotion recognition is positive in some instances and negative in
others. For example, Lausen et al. (2020), found that for men with lower cortisol levels, there
was a positive correlation between T levels and accuracy, and in men with higher cortisol levels,
there was a negative correlation between T levels and accuracy (Lausen et al., 2020). An
interaction between T and cortisol on emotion recognition suggests future studies need to
consider stress and history of stressful events (e.g., adverse childhood events), because the
hormone cortisol is often linked to stressful experiences (e.g., lob et al., 2020; Kalmakis et al.,
2015; Oresta et al., 2021).

Unlike the research on men, which has focused on how endogenous T levels affect

emotion recognition, there are no published studies that have examined associations between
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endogenous T and facial emotion processing in women. Only one study examined endogenous T
in women and emotion processing in women, but this study did not include behavioural
measures (e.g., accuracy) of facial emotion processing. Stanton et al. (2009) found no correlation
between endogenous T levels and the amount of blood oxygenation to women’s amygdala while
women were viewing angry and neutral faces. Most of the research on women has focused on
exogenous T levels (due to the administration of T) and these studies suggest that exogenous T
affects women’s response to facial emotions. In a study with healthy young women, those who
received T sublingually showed an increased cardiac response to angry faces compared to
controls who did not receive T (van Honk et al., 2001). Also, when women received T
sublingually, they spent more time looking at angry faces than when they did not receive
exogenous T (Terburg et al., 2012). Hermans et al. (2008) found an increase in women's
amygdala response to angry faces after a sublingual dose of T. In addition to the findings with
angry faces, research has also found increased amygdala activity when viewing fearful faces in
women after receiving T sublingually (Bos et al., 2013). One study also found women given
sublingual T spent less time attending to fearful faces during an emotional Stroop task than
women who were not given T (van Honk et al., 2005). While past research suggests that women
given exogenous T respond to angry and fearful faces with increased levels of brain activation,
spend longer looking at angry faces, and spend less time looking at fearful faces (Romero-
Martinez et al., 2021), no published studies have examined associations between T levels or
androgenic symptoms and women’s facial emotion recognition performance, highlighting the
need for such research.

As mentioned by Handelsman (2000), T is a principal androgen. So, comparing the

emotion recognition performance of women with naturally elevated androgen levels to women
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with lower androgen levels could help address the gap in the literature on how women's emotion
recognition is affected by endogenous T levels. Furthermore, research on women who differ in
physical indicators of androgenicity (e.g., hirsutism or bodily hair growth) or androgen
sensitivity (e.g., number of androgen receptors, androgen receptor sensitivity, physical/somatic
indicators of androgen sensitivity) would also help explain the role of testosterone or androgens
in emotion recognition. One group of women who have naturally elevated androgen levels or
higher sensitivity to androgens (as reflected by androgenic traits) are women with PCOS and
women with symptoms of PCOS. Recruiting women along the full continuum of PCOS
symptoms (none to a diagnostic level) may be a valuable way to study the role of androgens in
facial emotion perception.

Polycystic Ovary Syndrome (PCOS)

PCOS is a heterogeneous condition, often involving observable symptoms of androgen
excess. There are several sets of diagnostic criteria for PCOS, and the Rotterdam diagnostic
criteria is a common criterion used to diagnose PCOS (Azziz, 2006). The Rotterdam criteria
requires two of the following three PCOS features: oligo-ovulation or anovulation, polycystic
ovarian morphology on ultrasound, and clinical or biochemical features of androgen excess
(Azziz, 2006). Some common and observable signs of androgen excess in women with PCOS
include hirsutism, acne, and androgenic alopecia (Azziz, 2003). Since features of androgen
excess (e.g., hirsutism) are observable and used in diagnostic settings, some researchers have
suggested measuring PCOS symptoms along a continuum and in the general population where
sub-clinical symptom presentation may be present (Azziz, 2003; Sjaarda et al., 2018; Tzalazidis

& Oinonen, 2021). Furthermore, women with PCOS or high PCOS symptoms may serve as a
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valuable population for examining the behavioural effects of androgens (e.g., Rellini et al., 2013;
Tzalazidis & Oinonen, 2021).

A recent review paper suggested that androgens play an important role in causing and
maintaining PCOS symptoms (Ye et al., 2021). It is hypothesized that excessive androgen
production from the ovaries and adrenal glands is considered to be the most important
contributor to the reproductive symptoms and the development of metabolic syndrome in PCOS
(Yeetal., 2021). In women with PCOS with androgenic symptoms (e.g., hirsutism), there are
elevated levels of several androgens, including testosterone (T), androstenedione (A4),
dehydroepiandrosterone sulphate (DHEASs), and the enzyme required to convert pro-androgens
to bioactive androgens (Ye et al., 2021). While there is consistent data indicating elevations in
androgens in women with androgenic symptoms and PCOS, the exact role of androgens in PCOS
is still unclear. As well, not all women with PCOS have excess androgen levels, as
approximately 20% of women with PCOS have normal-range androgen levels (Azziz, 2003). It
has been suggested that women with PCOS who have normal range androgen levels may have
altered androgen sensitivity, as opposed to excess androgen levels (e.g., Tzalazidis & Oinonen,
2021). Support for the androgen sensitivity hypothesis derives from research on the genetic
determinants of PCOS and work on sensitivity to androgens in PCOS patients. For example, a
CAG repeat in the androgen receptor gene has been implicated in androgen sensitivity. Women
with PCOS have fewer CAG repeats than healthy controls, suggesting that inherited alterations
in androgen sensitivity may contribute to PCOS (Shah et al., 2008). Research by Ditkoff et al.
(1995) on androgen response to hormones such as corticotrophin-releasing hormones (CRH)
provides some additional support for the hypothesis that sensitivity to androgens is altered in

PCOS patients. When controls and women with PCOS were given ovine corticotrophin-releasing
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hormone (0CRH) intravenously, they had different androgen responses to the hormone (Ditkoff
et al., 1995). In the PCOS group, the levels of androgens increased following the administration
of oCRH, as seen in healthy individuals. Following an increase in androgens, the system should
regulate and provide negative feedback to decrease the amount of ACTH (Adrenocorticotropic
Hormone). However, in women with PCOS the increase in androgens did not initiate a negative
feedback loop, resulting in higher ACTH levels than controls. Thus, ACTH levels may not
decrease in response to increased androgen levels in individuals with PCOS (as they would in a
healthy individual) because of a dysregulated feedback system that lacks sensitivity to
androgens. However, Ditkoff et al. (1995) caution that their results are specific to a proportion of
PCOS patients as their sample of women with PCOS had elevated androgen levels prior to the
administration of oCRH.

Overall, the presentation of PCOS symptoms differs across women, and so do the
hormonal profiles of women with PCOS (e.g., elevated androgen levels, sensitivity to
androgens), so studies should capture this heterogeneity as recommended by experts in the area
(Perovi¢ et al., 2022). To capture and study the full range of androgenic symptoms, it is valuable
to measure PCOS symptoms across the full continuum (e.g., Tzalazidis & Oinonen, 2021). Also,
since observable features of androgen excess (e.g., hirsutism) exist on a continuum, it would be
useful to observe these traits in a general population where women with sub-clinical symptoms
may be present (Azziz, 2006; Sjaarda et al., 2018). The evaluation of the full continuum of
PCOS symptoms may provide a measure of androgenicity that reflects both current/recent

androgen levels and androgen sensitivity.
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Studies on Visual Perception and PCOS

Because facial emotion recognition involves the recognition and categorization of
visuospatial features, it can be helpful to understand visuospatial ability in PCOS. A search of
PsychInfo using the search terms ("Polycystic Ovary Syndrome" OR PCOS OR POS) AND
(cognit® OR vis* OR "visual spatial" OR "visuospatial” OR "mental rotation" OR "visual
perception") obtained 30 unique results of which six were relevant because they directly
examined PCOS and some type of visuospatial performance. A review article by Perovi¢ et al.
(2022) using different search criteria identified the same six studies that were also identified by
the current literature review, as being the only studies examining the relationship between PCOS
and visuospatial tasks. Each of those studies are reviewed below. Previous studies have
investigated differences in visuospatial ability between women with and without PCOS (Barry et
al., 2013a; Franik et al., 2019; Marsh, 2016; Soleman et al., 2016; Sukhapure et al., 2022;
Udiawar et al., 2014). Barry et al. (2013) tested women with and without a formal diagnosis of
PCOS and found that only the diagnosed women showed a positive correlation between T levels
and performance on the mental rotation task (» =.376, n = 56)). A positive correlation between T
levels and mental rotation task performance was also found in men and post-menopausal women
who had elevated T levels. Franik et al. (2019) found that women with PCOS who had higher
androgen levels took longer to inhibit their responses to the visual stimuli on the Stroop task,
suggesting that higher androgen levels are associated with poorer inhibition. Similarly, Soleman
et al. (2016) used fMRI neuroimaging and found that women with PCOS showed greater
activation of brain regions associated with executive functioning while performing an N-Back
task, where participants were shown letters and had to respond only when certain patterns of

letters were shown (e.g., pressing a button when two of the same letters appeared in a row), as



EMOTION RECOGNITION & POLYCYSTIC OVARY SYNDROME 19

compared to women without a PCOS diagnosis. This suggested that women with PCOS require
greater neural resources than women without PCOS to complete the visual working memory
task. A recent paper by Sukhapure et al. (2022) revealed that women diagnosed with PCOS had
poorer performance on a maze learning task, a measure of visuospatial learning, and on a timed
chase test which measures psychomotor speed. Overall, the research on visuospatial differences
between women with PCOS and those without PCOS show that there are some differences in the
visuospatial domain (e.g., on mental rotation tasks, maze learning task). At the same time, it is
unclear whether women with PCOS have worse or better visuospatial performance than those
without PCOS because there are some studies that found better performance in women with
PCOS (e.g., Barry et al., 2013) and others that found poorer performance in women with PCOS
(e.g., Soleman et al., 2016; Sukhapure et al., 2022). Further research is needed to replicate the
findings from the six studies given that each examined different types of visuospatial ability.
The contradictory results that have been identified in the literature specific to the
visuospatial domain are in line with the conclusions of the review by Perovi¢ et al. (2022). In
addition, Perovi¢ et al. (2022) examined studies that looked at relationships between other
cognitive domains (e.g., verbal memory) and PCOS, and noted that on tasks where there is a
general female advantage, women with PCOS tend to have poorer performance than women
without PCOS. Facial emotion recognition involves visuospatial cognition, yet women tend to
perform better than men on average. Thus, the research on PCOS and visuospatial ability does
not provide a strong directional hypothesis about the relationship between PCOS symptoms and

facial emotion recognition performance.
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Facial Processing and PCOS

Despite six studies on visuospatial perception in women with PCOS, there are no
published studies examining the behavioural responses (e.g., accuracy, reaction time) of facial
emotional processing in women with PCOS. Lai et al. (2020) did look at the resting state brain
activity (i.e., brain activity when patients are relaxed with their eyes closed) of patients with
PCOS and controls but did not explicitly look at facial processing. The authors did find,
however, decreased brain activity in the left inferior occipital gyrus, a brain region associated
with the initial stages of face processing. Because participants in this study did not perform a
face-processing task, it is impossible to know whether PCOS, PCOS symptoms, or differences in
T levels between women with and without PCOS affected the perception of emotion in faces.

The only study looking at facial emotion recognition and PCOS is from an unpublished
thesis by Sukhapure (2019), who compared the facial emotion recognition task performance of
54 women without PCOS to 53 women with PCOS. Participants saw 144 pictures of facial
expressions of six different emotions (happy, sad, anger, disgust, fear, and neutral), and on each
trial, they were asked to identify which of the six emotions were presented, as quickly as possible
(i.e., participants had an unlimited amount of time to respond). Women with PCOS had a lower
recognition accuracy score than women without PCOS across all emotions (ES = small), and
there was also a significant group difference on emotions of fear (ES = small) and sadness (ES =
small). The smallest group difference effect size was for the emotion of happiness (ES = small),
which was not significant. These findings suggest that those with a diagnosis of PCOS are less
accurate at identifying negative emotions such as fear and sadness, compared to women without
a PCOS diagnosis. Because Sukhapure (2019) did not measure the symptoms of women with

PCOS on a continuous scale, it is not possible to relate the severity of PCOS symptoms with
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performance on a facial emotion recognition task. This study requires replication and studies are
needed to further examine the extent to which androgenicity or PCOS symptoms relate to facial
emotion recognition by examining associations between these variables. The present study was
focused on replicating and extending the previous studies by examining PCOS symptoms on a
continuum to see whether androgenic symptoms in women are associated with facial emotion
recognition performance.

Present Study

The present study aimed to examine whether symptoms of PCOS are related to facial
emotion recognition performance. The proposed study addresses the gap in knowledge regarding
the relationship between facial emotion perception and PCOS symptomology by examining
whether facial emotion recognition performance differs as a function of women's PCOS

symptoms and symptom severity.

The background literature reviewed above has focused on (1) sex differences in emotion
recognition that may result from differences in androgens between and within men and women,
(2) associations between endogenous androgen levels and emotion recognition, and (3)
differences in visuospatial performance across women with PCOS and those without. The
research on sex differences indicates an advantage for women in the identification of emotional
expression over men (e.g., Thompson & Voyer, 2014), particularly for anger, suggesting that
those with higher levels of testosterone (i.e., men) may have poorer performance than those with
lower testosterone (i.e., women). Hence the first hypothesis is that women (as a group) will be

more accurate than men on the facial emotion recognition task.

Given findings of poorer facial emotion recognition in women with PCOS, particularly

for fear and sadness (Sukhapure, 2019), evidence of negative associations between androgens
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and facial emotion recognition (Rukavina et al., 2018; van Honk et al., 2005), and that most
women with PCOS symptoms have higher androgen levels than healthy women (Azziz, 2006),
the second hypothesis is that women with higher PCOS symptoms will perform worse on
the facial emotion recognition task than women with fewer PCOS symptoms (i.e., a

negative association between PCOS symptoms and facial emotion recognition).

The third hypothesis involves a comparison of facial emotion recognition
performance across three groups with the predicted pattern of performance being that
women with low PCOS symptoms will perform better than those with high symptoms, who

will perform better than men (i.e., low symptoms > high symptoms > men).

Finally, while there are some contradictory studies (e.g., Abbruzzese et al., 2019;
Connolly et al., 2019; Wingenbach et al., 2018) a meta-analysis by Thompson and Voyer (2014)
found the largest difference in emotion recognition accuracy between males and females for the
emotion of anger (i.e., women > men). At the same time, an unpublished study by Sukhapure
(2019) found participants with PCOS performed worse than participants without PCOS on a
facial emotion recognition task, and significant group differences were reported for the
identification of sadness and fear. Based on all these findings, the fourth hypothesis is focused
on recognition of negative emotions: women with high PCOS symptoms will perform worse
than women with low PCOS symptoms for recognition of negative emotions (e.g., anger,

sadness, and fear).
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Method

Participants

A total of 236 participants initiated the survey, and 192 (52 men, 140 women) completed
the study and met the inclusion criteria (see below). The mean age of the final sample was 22.91
(SD = 6.59). While 8 of 132 (6 %) self-identified as having a diagnosis of PCOS, 19 of 132 (14
%) women had a PCOSQ score > 2, thereby meeting the criteria for a provisional diagnosis of
PCOS (113 (86 %) did not meet PCOSQ criteria (Pedersen et al., 2007)). All the women who
self-identified as having a PCOS diagnosis also met the criteria for a provisional PCOS
diagnosis. The study received ethical approval from Lakehead University's Research Ethics
Board before recruitment began (see Appendix A for Ethics Board Approval). Participants were
recruited from Lakehead University and the local community. University students were primarily
recruited through the SONA psychology department research recruitment system and classroom
visits or indirectly through emails and posters. From the larger community, participants were
recruited using posters, emails, and online social media advertisements (e.g., Facebook,
LinkedIn). Appendix B includes a list of recruitment materials (i.e., posters, emails, and
communications bulletins). Local organizations and healthcare providers were approached as
possible partners in recruitment (e.g., local Naturopathic practitioners). All participants were told
that the project investigated the effects of hormones on emotional perception. Participants
recruited through the Psychology Research Pool were given course credit for their participation
(i.e., 1 bonus point), and participants from the community were given a chance at winning a 20-
dollar gift card to a store of their choice, with five gift cards available.

The initial participation inclusion criteria were: (1) the ability to understand English, (2)

access to a laptop or computer with an internet connection, (3) at least 16 years of age for
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Lakehead University students and at least 18 for community participants. Before the main
analyses, the following exclusion criteria were applied to reduce the effects of potential
confounding variables: (1) currently experiencing nicotine withdrawal (n = 4), and (2)
consuming alcohol within three hours of participating or having three or more drinks in the past
eight hours (n =2), (3) post-menopausal (n = 4), (4) currently pregnant (n = 2), (5) currently
lactating/breastfeeding (n = 3), (6) history of brain injury (n = 3), (7) taking any antipsychotic
medication (n = 2), and (8) diagnosed with bipolar disorder (n = 4). Women who were
menopausal and pregnant/lactating were excluded because these changes significantly affect
women's hormone levels (Brzozowska & Lewinski, 2020; Makieva et al., 2014). Some
participants met multiple exclusion criteria, and for analyses where only data from women were
examined, 22 participants were excluded based on the eight exclusion criteria. Due to an
administrative error, male participants had no data on diagnoses of bipolar disorder,
antipsychotic use, or history of brain injury. Thus, for analyses where data from men were
included, exclusion criteria (6), (7), and (8) were not applied to any participants. In these
analyses, 15 participants were excluded.

Measures

Initial Questionnaire

The Initial Questionnaire (see Appendix C) contained questions about demographics
(e.g., age, sex, sexual orientation, ethnicity, weight, and height), mental health history, and a
variety of factors that are hypothesized to have potential effects on emotion perception (e.g.,
stress, sleep, alcohol use, caffeine consumption, medications, medical and psychological
conditions, exercise, and diet). The Initial Questionnaire also included questions on reproductive

health such as OC (status, brand, duration), menstrual cycle length, age at menarche, cycle
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regularity, hormonal sensitivity, parity, pregnancy, and lactation. Questions on OC use were
included because OCs can alter androgen levels and are commonly prescribed as a treatment for
PCOS (Vrbikova & Cibula, 2005). Many of these measures were developed and have been used
in past studies within our lab (Keir, 2015; Tzalazidis & Oinonen, 2021a; Venkateshan et al.,
2022). As well, in a Follow Up Questionnaire (see Appendix C) participants were asked about
any adverse childhood events (ACEs) because early childhood maltreatment may affect emotion
perception (Bérubé et al., 2021) and those with PCOS are more likely to have experienced
adverse childhood events such as childhood maltreatment (Pringle et al., 2022; Tay et al., 2020).
A measure of perceived stress, the Perceived Stress Scale (PSS) was also included because
psychosocial stress can affect how people attend to emotions (von Dawans et al., 2020), may
interact with androgens to affect facial emotion recognition (Lausen et al., 2020), and women
with PCOS report high levels of stress (Yin et al., 2020). Additional measures include the
Positive and Negative Affect Schedule - short form (PANAS) (Watson et al., 1988) and

measures of PCOS symptoms. The latter three measures are described in detail below.

Adverse Childhood Experiences (ACEs) Questionnaire

The Adverse Childhood Experiences (ACEs) Questionnaire (Felitti et al., 1998) consists
of 10 items and assesses 10 types of childhood trauma. Five questions pertain to personal trauma
(e.g., physical neglect), and another five questions relate to family trauma (e.g., loss of a parent
through death). The ACEs questionnaire, has been administered to several populations, and there
is evidence for retrospective validity as evidenced by agreement among children of the same

caregiver (Kidman et al., 2019).
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Positive and Negative Affect Schedule (PANAS)

The Positive and Negative Affect Schedule (PANAS) consists of 20 adjectives that
describe affective states, with 10 items for negative affect (NA) and 10 items for positive affect
(PA) (Watson et al., 1988). Participants rated the degree to which they experienced each emotion
at the time of testing (i.e., present moment). Response options range from 1 (very slightly or not
at all) to 5 (extremely). Regarding internal consistency, Watson and colleagues reported
coefficient alphas for the PA and the NA subscales of .89 and .87, respectively. The PANAS was
used to assess participants' affect and examine group differences, as affect may affect perception

of emotion.

Perceived Stress Scale (PSS)

The Perceived Stress Scale (PSS) is a 10-item questionnaire that measures the extent to
which respondents perceive aspects of their life as uncontrollable, unpredictable, and
overloading (Cohen, 1988; question 40 in Appendix C). Participants used a 5-point Likert scale
ranging from 0 (never) to 4 (very often) to indicate how often they felt or thought a certain way
within the past month. Composite scores can range from 0 to 40 with higher scores indicating
greater levels of perceived stress. Cohen (1988) reported an overall internal consistency of .78
for the PSS scale. Further, studies have found a two-factor structure of the PSS where the six
negatively phrased items load on the perceived helplessness factor, and the four positively
phrased items load on the perceived self-efficacy factor (Taylor, 2015). The PSS was used to

measure the perceived stress levels of participants over the month prior to the study.
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Polycystic Ovary Syndrome Questionnaires

Three questionnaires were used to assess PCOS symptoms. Descriptions are found
below, and full measures are found in Appendix C (questions 34 to 38). Since this research has
an impact on women'’s lives, feminist perspectives on the survey components of the current study
are important. Feminist researchers suggest designing questions in a way that are adapted to all
women participating in the study, including those with language barriers (Hesse-Biber, 2013). As
a result, women in this study were given different ways to represent their PCOS symptoms,
including ways that may not be as impeded by proficiency in understanding English. Having
several measures of PCOS, some that have worded questions with symptom descriptions, and
other measures that include pictograms may have helped ensure that everyone completing the
study had a chance to adequately represent their symptoms. For example, participants who
experienced any difficulty conveying or quantifying their level of hair severity on the verbal Hair
Severity measure, may have found the pictures of Ferriman-Gallwey (1961) which were used to
calculate mFG (modified Ferriman Gallwey) scores useful to quantify their hair growth or

hirsutism.

Polycystic Ovarian Syndrome Questionnaire (PCOSQ)

This screening measure consists of five items designed to measure symptoms associated
with a diagnosis of PCOS (Pedersen et al., 2007; question 34 in Appendix C ). Scores on the
PCOSQ range from -1 to 3, and 2 is the cut-off used to suggest symptoms consistent with a
provisional diagnosis of PCOS (i.e., > 2). Items ask about the length of the menstrual cycle,
growth of dark coarse hair on the face and body (e.g., chin, chest), obesity, nipple discharge, and

severity of acne on the face and body. The PCOSQ has a sensitivity of 85% for the diagnosis of
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PCOS and a specificity of 93.4%. The PCOSQ was used to categorize women into those who do

(vs. do not) meet the PCOSQ criteria for a provisional diagnosis of PCOS.

Hair Growth Questionnaire

The second questionnaire, was a hair growth severity measure with questions on dark
coarse hair growth (question 35 and 36 in Appendix C). The hair growth questions were used to
assess the severity of hair growth on eight different body parts (Tzalazidis & Oinonen, 2021).
The original hair growth severity scale was created by M. Bong and K. Oinonen and ranges from
0 (much lower) to 5 (much greater). It was modified by asking women to rate the severity of
their hair growth "compared to other women of your same age and ethnicity/race when you don't
engage in any hair removal practices (e.g., shaving/plucking/waxing).” This helped control for
ethnic/genetic factors involved in hair growth severity (Engmann et al., 2017). Total scores on
the hair growth severity scale can range from 0 to 40. Some validity evidence for the hair growth
severity questionnaire is reflected by the positive correlation between Hair Severity scores and

PCOSQ total scores (s =.51, N =455; Tzalazidis & Oinonen, 2021).

Modified Ferriman-Gallwey (mFG)

This measure assesses the symptom of hirsutism commonly seen in women with PCOS
(e.g., Azziz, 2006; Bedrick et al., 2020). The modified Ferriman-Gallwey (mFG) is a frequently
used visual image scoring system (shown in question 37 in Appendix C) that examines hair
growth on nine androgen-sensitive regions of the body: upper lip, chin, chest, upper and lower
back, upper and lower abdomen, upper arm, and thigh (Bedrick et al., 2020; Ferriman &
Gallwey, 1961). Women select images on the mFG that correspond with the level of their hair
growth on that specific body part. A total of six body parts (i.e., chin, chest, upper lip, upper

abdomen, lower abdomen, and thigh) were shown, and each body part had five images depicting
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hair growth, ranging from no hair growth to complete hair growth (as shown in Appendix C).
The scoring of the original mFG was modified, and each body part was scored on a scale of 0 (no
hair) to 8 (completely covered in hair); the total score on the mFG can range from 0 to 48.
Increasing the range of the scale from 0 to 4 allowed women to be more precise when rating their
hair growth. In a study by Bedrick et al. (2020), where the six body parts were shown and items
ranged from 0 to 4, having a summed score of 3 or higher across the upper lip, lower abdomen
and upper abdomen regions predicted a PCOS diagnosis with a specificity of 76% and a
sensitivity of 70%. Bedrick and colleagues also found that practicing any depilatory practices
(i.e., waxing, shaving, bleaching the hair, or electrolysis) on the face, chest or abdomen and
scoring 3 or higher on the mFG resulted in a higher sensitivity of 93% but a lower specificity of
52%. The mFG and the question on depilatory practices were included in this study to serve as
markers of androgenic symptoms related to hair growth and hirsutism. The inclusion of objective

visual images in the mFG provides an alternate format for measuring hair growth.

Facial Emotion Recognition Task

The Facial Emotion Recognition Task was presented through Survey Monkey. The task
involved first presenting the instructions and three practice trials of the Facial Emotion
Recognition Task. An example of the Practice Trial is shown in Figure 1. The practice trials were
identical to the actual trials, with the exception that instructions were abbreviated on the actual
trials. On each trial participants were presented with an image of an actor emoting an emotion
(angry, disgust, fear, sad, happy, surprise, or neutral). Participants used their mouse or keyboard
to identify which emotion they perceived on the face. The next trial began at the next face. Then,
149 faces were shown to participants with 75 medium intensity images and 74 low intensity

images. In the present study, the low-intensity images were recognized at 61% accuracy (SD =
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8.43), and the medium-intensity images were recognized at 73% accuracy (SD = 7.95). Accuracy
scores could range from 0 to 24 for each emotion, and the total FER task accuracy scores could

range from 0 to 149.

Stimuli for Facial Emotion Recognition Task

Stimuli were adapted from the Bath Intensity Variations (ADFES-BIV) database
(Wingenbach et al., 2016). The ADFES-BIV contains videos of actors expressing 10 emotions:
anger, contempt, disgust, embarrassment, fear, happiness, neutral, pride, sadness, and surprise.
The emotions of anger, disgust, fear, sadness, surprise, and happiness are classified as basic
emotions, and the other three emotions of contempt, embarrassment, and pride are classified as
complex emotions (Montagne et al., 2007). The present study tested seven emotions overall,
which included the six basic emotions (anger, disgust, fear, happiness, sadness, and surprise) and
neutral (where the actor was not expressing any emotions), which follows a similar design to
Sukhapure (2019), who examined facial emotion recognition in women with PCOS. The present
study used the ADFES-BIV dataset because it includes different emotion intensities, which

added to the sensitivity of the present task.

Each of the emotions in the ADFES-BIV is expressed by 12 Caucasian actors (five
female and seven male) at three different intensities: low, medium, and high. Each video from
the ADFES-BIV includes an actor emoting the expression (e.g., anger) from a neutral state to the
appropriate intensity in the last frame (i.e., low, medium, or high intensity). For the neutral
emotion, there was only one intensity. In both the pilot study and the primary experiment,
participants only saw the image from the final frame of the video. For the pilot study, only the
medium-intensity and low-intensity images were used to avoid ceiling effects due to the high

accuracy rates for the high-intensity images. Past research using this ADFES-BIV database
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suggests the low-intensity images were recognized at 56% accuracy (SD = 11.1), and the
medium-intensity images were recognized at 68% accuracy (SD = 10.51) by observers who
chose which of the 10 emotions were portrayed in the video clip (Wingenbach et al., 2016). The
original ADFES-BIV database had a total of 156 images (12 actors x 2 levels x 6 emotions, 12
images for neutral), at medium and low intensity. In the pilot study, any images that were not
correctly identified by at least one of the 10 participants was removed and a total of 7 images (3
male and 4 females images, across 2 female and 2 male actors) were excluded. In the final 149
images that were shown to participants, 23 were sad, 23 were happy, 23 were surprise, 23 were

fear, 23 were disgust, 24 were angry, and 10 were neutral.

Procedure

Participants were recruited for a study called " Factors Affecting Facial Emotion
Recognition." Participants who were interested and eligible for online participation accessed a
link, that linked to the Survey Monkey Platform. They were presented with an information letter
and a consent form (see Appendix D), where they provided consent. Then participants proceeded
to the Initial Questionnaire (See Appendix C) and the Facial Emotion Recognition Task. The
questionnaire took approximately 10 to 20 minutes to complete, and the Facial Emotion
Recognition task took approximately 40 minutes to complete. Once participants completed the
Questionnaire and Facial Emotion Recognition task, they were given a debriefing form (see
Appendix E). Participants who were participating for course credit were given course credit

automatically (i.e., 1.0 bonus points).
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Results

Data Screening and Statistical Considerations

All analyses were completed using IBM SPSS Statistics. Prior to analyses, data were
examined for accuracy, outliers, normality, and homoscedasticity. The main hypotheses were
examined using Multivariate Analyses of Covariance (MANCOV As) and linear regressions. For
all analyses, a significance level of <.05 was chosen. A significance level of <.10 was chosen to
represent nonsignificant trends. Pillai’s trace criterion was used to evaluate multivariate
significance. Significant MANCOV As were followed up with univariate tests (i.e., Analysis of
Covariance [ANCOV As]). The Bonferroni adjustment was used for follow-up comparisons to
reduce Type I errors. All means reported are untransformed unadjusted means unless otherwise

indicated (i.e., figures represent adjusted means and their standard errors).

Missing Data

Data for each scale and task were inspected for missing data. If less than 10% of data
was missing for a scale, mean or mode imputation was used to replace missing data (Tabachnick
et al., 2019; Xu, 2020) (i.e., PANAS NA and PA subscales [ item each maximum], ACES-Q [1
item maximum], PSS [1 item maximum], and FER task [2 items per emotion maximum]). Mode
imputation based on individual item scores was used for FER variables, as mode imputation is
required when data are skewed or scored dichotomously (Xu et al., 2020). With the FER data,
participants with more than 10% missing data (i.e., more than 2 items per emotion) were
excluded from relevant analyses. For the remaining participants, missing performance scores at
the trial level were replaced by mode imputation. Mean imputation was used on individual item
scores that were missing from the PANAS NA and PA subscales, ACEs-Q, and PSS. In cases

where women indicated hair growth on the Bedrick questionnaire and had unanswered hair
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questions on the PCOSQ, the relevant items from the Bedrick questionnaire were used to
populate items on the PCOSQ (e.g., if a participant indicated having hair on their upper lip in the
Bedrick questionnaire, their answers on the PCOSQ would reflect them having hair on the upper
lip area). In cases in which missing values comprised more than 10% of the data, no data was

replaced, and participants were excluded from the relevant analyses.

Assessing Statistical Assumptions

Prior to running analyses to test the main hypotheses, the data were examined to ensure
that statistical assumptions were met. The main outcome variables from the FER task (i.e.,
accuracy scores for each of the seven emotions) were tested for outliers and normality. Outliers
were identified by looking for z-scores larger than an absolute value of 3.29 (Tabachnick et al.,
2019). The distribution of scores for all outcome variables was also examined for normality as a
function of the groups utilized within each hypothesis. Normality was examined using the
following criteria: skewness divided by the standard error of skewness < 3; kurtosis divided by

the standard error of kurtosis < 3 (Tabachnick et al., 2019).

Examination of the accuracy scores for each of the emotions identified the following
outliers: happy accuracy scores (n = 1), sad accuracy scores (n = 2), neutral accuracy scores (n =
3), and surprise accuracy scores (n = 1). One participant was identified as an outlier for both
surprise and sad. Initially, methods such as transformations and assigning the outlier to be the
next highest score plus one were considered to reduce the influence of these six outliers, however
they remained as outliers after these methods and thus the outliers were removed (Tabachnick et
al., 2019). After the removal of outliers, the happy, sad, angry, and fear accuracy scores met
assumptions of normality across all groups. Analyses were run both with and without outliers. As

the results did not change, analyses without outliers are presented here.
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The accuracy scores for surprise and neutral exceeded skewness and kurtosis values of 3
and appeared visibly skewed upon inspection. Following the recommendations of Tabachnick et
al. (2019) these scores were reflected, transformed, and re-reflected to allow for higher scores to
be interpreted as indicating greater accuracy. The surprise scores were square-root transformed,

and the neutral scores were log-transformed.

All scales examined as potential covariates or as variables to characterize the groups were
also scrutinized for normality and outliers. All other scales had no outliers and met criteria for
normal distributions. To ensure that the assumption of homogeneity of variance was met,
Levene’s Test for Equality of Variances and Box’s Test for Equivalence of Covariance Matrices
were conducted with all multivariate analyses. These homogeneity tests confirmed that the

homogeneity assumption was met for all analyses.

Group Equivalencies

To determine potential covariates that should be included in the main analyses and to
identify any expected group differences, ANOV As, t-tests, and chi-squares were run to identify
group differences. The groups associated with each hypothesis ( [H1: men vs. women]; [H3:
men, women with a provisional PCOS diagnosis, women without a provisional diagnosis]; [H4:
women with vs. without a provisional PCOS diagnosis]) were examined for equivalency on the
following variables: age, BMI, typical alcohol, number of typical drinks, hours of sleep last
night, PANAS positive affect scores, PANAS negative affect score, history of ACEs, ethnicity
(Caucasian vs. non-Caucasian), hormonal contraceptive use, and amount of exercise in the past
24 hours.

As shown in Tables 1 and 2, the groups of men and women differed on exercise

frequency and positive affect. Men exercised more than women over the past 24 hours, 7 (183) =
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-2.01, p =.023, and amount of exercise was significantly negatively correlated, 7(190) = - .158, p
=.028, with participants’ accuracy with neutral expressions, so it was used as a covariate. As
well, men had lower positive affect than women, ¢ (183) = 3.16, p = <.001. However, positive
affect was not significantly correlated with any of the FER variables as correlations ranged from
r(157)=-.02, p = .794 (fear) to #(157) = .14, p = .067 (surprise). Thus, it was not used as a
covariate.

As indicated in Tables 3 and 4, men, women with a provisional PCOS diagnosis, and
women without a provisional diagnosis differed on the following two variables: the amount of
exercise in the past 24 hours, F'(2,175)=5.26, p = .002; BMI, F (2,175) =20.62, p =< .001; and
PSS scores, F'(2,175) =3.30, p = .040. Follow up ¢-tests with Bonferroni correction, suggested
that men exercised more than women with a provisional diagnosis of PCOS (p =.014) and than
women without a provisional diagnosis of PCOS (p =.036). Despite the overall significant group
effect for PSS, there no significant group differences in the follow-up. There was, however, a
non-significant trend for group differences (p = .089) with men scoring higher than women on
the PSS, and there were no significant correlations between the outcome variables and PSS
scores. Correlations ranged from, »(163) =-.01, p = .842 (sad) to 7(163) = .21, p = .793 (happy).
Women with a provisional diagnosis of PCOS reported higher BMIs than women without a
provisional diagnosis. This finding is in line with research indicating that women with PCOS
tend to have higher BMI (Mantzou et al., 2021), suggesting that this is a characteristic of the
sample. Hence BMI was not included as a covariate.

As indicated in Tables 5 and 6, women with a provisional diagnosis differed from those
without a provisional diagnosis (N = 104), for two variables: BMI, F'(1,124) = 30.08, p <.001,

and the rate of thyroid disorders, X (1, N = 122) = 4.94, p = 0.026. These groups represented the
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ones with stricter exclusion criteria than the ones examined above. Both BMI and rate of thyroid
disorder diagnoses were higher in the group with the provisional diagnosis (e.g., 13.3% vs. 1%
for thyroid disorders) This distribution of thyroid disorders is consistent with past research
indicating higher rates of thyroid disorder in women with PCOS compared to healthy controls
(Rommitti et al., 2018). Hence thyroid disorder was not used as a covariate in the analyses. The
same rationale applied to BMI, as discussed above.

Based on the group equivalency analyses outlined above, the one covariate included in all
analyses was the amount of exercise over the past 24 hours due to group differences and
correlation with participants’ neutral expression accuracy trial scores.

Convergent Validity of PCOS & Hair Measures

To examine the validity of the PCOS measures used in the current study, the
intercorrelations between the PCOS variables (i.e., PCOSQ score, Hair Severity Score, modified
Ferriman-Gallwey (mFG) and simplified Ferriman-Gallwey (sFG)) were examined and are
reported in Table 7. It was noted that there was a significant positive correlation between the
Hair Severity scores and the following measures of hair growth: mFG, (119) =.630, p <.001;
and sFG, r(119) = .542, p <.001. The moderate correlation (regarded as any Pearson correlation
between .3 to .7 [Rusakov, 2023]) between these measures, suggests that there is concurrent
validity between the different hair severity measures that are based on the Ferriman-Gallwey
system as used by Bedrick et al. (2020) and the PCOSQ Hair Severity scores as used by

Tzalazidis and Oinonen (2021).
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Hypothesis 1: Women (as a group) will be more accurate than men on the facial emotion
recognition task.

Visual inspection of means in Table 8 and in Figure 2 indicated that women were more
accurate than men in identifying all emotions. An ANCOVA with total FER scores (i.e., sum of
scores across all emotions) as the dependent variable (DV), group (men, women) as the
independent variable (IV), and the covariate of exercise, indicated a significant difference
between groups with women being more accurate than men, F(1,189) = 24.04, p = < .001, 7,° =
.11. Similarly, a MANCOVA with group (men, women) as the independent variable, the seven
emotions (i.e., angry, disgust, fear, happiness, sadness, surprise, and neutral) as the DVs was
completed. There was an overall significant multivariate group effect, F(7,183) =4.43, p <.001,
1" = .14, supporting this group difference. Follow-up univariate ANCOVAs (see Table 9)
showed significant group effects whereby women were more accurate than men for the following
four facial emotions: Angry, F(1,189) =7.24, p = .008, 1,° = .04; Disgust, F(1,189) = 8.94, p =
.003, 5,° = .04; Fear, F(1,189) = 9.93, p = .002, #,° = .05; and Surprise, F(1, 189) = 6.90, p =
.009, 5,° = .03. These group differences are all illustrated in Figure 2.

Hypothesis 2: Women with higher PCOS symptoms will perform worse on the facial
emotion recognition task than women with lower PCOS symptoms (i.e., a negative
association between PCOS symptoms and facial emotion recognition).

Four separate linear regression analyses were performed to test hypothesis two and to
look at the associations between the PCOS symptoms and FER variables. For each regression, a
different PCOS-related outcome/dependent variables was used: (1) PCOSQ scores, (2) Hair
Severity, (3) sFG scores, and (4) mFG scores. The seven emotion recognition accuracy scores

were used as predictor variables in all four regressions (i.e., accuracy for angry, disgust, fear,
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sadness, happy, surprise, and neutral). Amount of exercise in the past 24 hours was included as a
covariate. Bivariate Pearson correlations and partial correlations (including the covariate of
exercise) between the FER scores and the PCOS related variables are shown in Table 11. There
were significant negative correlations between FER accuracy for Fear and both Hair Severity,
r(124) =-.16, p = .037; and sFG, r(127) =-.18, p = .017. There was also a non-significant trend
for a negative correlation between FER accuracy on Fear and PCOSQ, »(118) =-.14, p =.070.
The results of the four regressions are shown in Table 11. After controlling for exercise, the FER
variables altogether were not significantly associated with any of the PCOS variables (PCOSQ
scores, R? change = .036, p = .609; Hair Severity scores, R? change = .063, p = .356; sFG scores,
R? change = .065, p = .820; and mFG scores, R? = .047, p = .72). Thus, none of the individual
PCOS symptom variables were associated with overall emotion recognition when the full
continuum of symptoms was examined.

Hypotheses 3 & 4: Facial emotion recognition performance will follow the following
pattern: woman with low PCOS symptoms > women with higher PCOS symptoms > men
(H3). Also, women with high PCOS symptoms will perform worse than women with low/no
PCOS symptoms in detecting negative emotions (e.g., anger, disgust, fear, and sadness;
H4).

The low and high PCOS symptom groups were created based on the PCOSQ, with the
high PCOS group being women whose symptoms are consistent with a provisional diagnosis of
PCOS (i.e., a score of > 2 on the PCOSQ, Pedersen et al., 2007). Overall, visual examination of
means for the three groups suggest: (a) women with a provisional diagnosis were more accurate
than men at identifying 6 of the 7 emotions (see Table 12 and Figure 3), (b) women without a

provisional diagnosis were more accurate than men at identifying all emotions (see Table 12 and
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Figure 3), and (c) women with a provisional PCOS diagnosis were less accurate at identifying 5
of 7 emotions than woman without PCOS (see Table 13 and Figure 4).

To test hypotheses three and four, eight linear trend analyses, two ANCOV As, and three
MANCOVAs were conducted with exercise in the 24 hours prior to testing as a covariate.
Eight linear contrast analyses (see Table 14) were completed to examine whether there was a
linear trend in emotion recognition scores across the three different groups (men, women with
provisional PCOS, and women without a provisional PCOS diagnosis) with the DV being total
FER scores (sum of all FER scores across all emotions), and the accuracy scores for each
emotion. The results suggested a significant linear trend across the three groups with women
without provisional PCOS > women with provisional PCOS > men for the following six
accuracy scores: total FER F(1,174) = 6.37, p <.001; Angry F(1,174) = 3.00, p = .003; Disgust
F(1,174) =3.58, p <.001; Fear F(1,174) =3.77, p <.001; Surprise F(1,174) =2.82, p =.006;
and Neutral F(1,174) =1.36, p = .021. These linear trends can be seen in Figure 3.

The results from the first 3-group ANCOVA (see Table 13 and Figure 5) examining total
FER scores, indicated significant group differences, F(2,174) = 21.27, p <.001, 5,° = .20, such
that women without provisional PCOS > women with provisional PCOS > men. A similar 2-
group ANCOVA (see Table 15, and Figure 5) compared women with vs. without provisional
PCOS diagnoses. The results also indicated that women without a provisional diagnosis were
significantly more accurate than women with provisional PCOS in overall facial emotion
recognition, F (1,117) = 5.54, p = .020, 1,° = .04.

The first MANCOVA (see Table 14 and Figure 3) compared the three groups on the
seven FER accuracy scores (DVs). The MANCOVA confirmed significant group differences

across all emotions, F(7,169) = 7.01, p <.001, #,° = .13. The significant MANCOVA was
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followed up with univariate ANCOV As (see Table 14), the results of which suggested the groups
perceived the following five emotions differently: Disgust, p <.001, ,° = .083; Fear, p <.001,
" = .086; Angry, p = .012, 5,° = .049; Surprise, p = .010, #,° = .051; and Happy F(2,174)=p =
.042, n,° = .036. Follow-ups for all univariatt ANCOVAs are described below.

The second MANCOVA (see Table 15 and Figure 4) included PCOS group (with vs.
without provisional diagnosis) as the independent variable and also used FER accuracy scores
for all seven emotions as the dependent variables. The MANCOVA did not indicate a significant
difference between the two groups across all the emotions, F(7,111) = 1.59, p = .143, 5,° = .092.
Follow-up univariate analyses were completed given the weak nonsignificant trend and medium-
large effect size (see Table 15). Follow-up ANCOVAs suggested women with a provisional
diagnosis were less accurate than women without a provisional diagnosis in recognizing fear,
F(1,117) =4.91, p <.001, #,° = .040, and there was a similar non-significant trend for disgust,
F(1,117)=3.703, p = .057, n,° = .031.

The third MANCOVA compared the two groups of women on the four negative emotions
instead of all seven (i.e., angry, disgust, fear, and sad). Results indicated a non-significant trend
for an overall multivariate group effect, F (4,114) = 2.36, p = .058, 5,° = .08. Follow-up
univariate ANCOV As showed only a significant group effect for Fear, F(1,117) =5.67, p =.029,
ny° = .040 (see Table 13).

Post-hoc between-group comparisons with Bonferroni corrections are reflected in Table
16. In terms of Total FER, women with PCOS were significantly more accurate than men (mean
diff. = 9.89, SE = 1.55, p <.001) and women with PCOS were less accurate than women without
PCOS (mean diff- = 5.88, SE = 2.24, p = .029). Women without PCOS were significantly more

accurate than men at identifying the following four emotions: Anger, (mean diff.= 1.83, SE =
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0.61, p =.009); Disgust, (mean diff. =2.172, SE = 0.60, p = .001); Fear, (mean diff. = 2.83, SE =
0.75, p <.001); and Surprise (mean diff. = 0.27, SE = 0.10, p = .017) (See Table 16). Finally,
women with the provisional diagnosis of PCOS were significantly less accurate than women
without PCOS when identifying Fear (mean diff. = 2.57, SE = 1.16, 5,° = .040) (See Tables 15
and 15).
Discussion

Summary of Results

Women were more accurate than men at recognizing facial emotions when all seven
emotions were examined together. Women were also significantly more accurate than men when
recognizing anger, disgust, fear, and surprise, supporting hypothesis one. While there were no
significant negative associations between PCOS symptoms (i.e., PCOSQ score, Hair Severity,
mFG and sFG) and all the FER variables, women with more coarse dark hair (i.e., Hair Severity,
sFG) were less accurate at detecting fear in facial emotion expressions, which lends some partial
support to hypothesis two. The present results indicated significant linear trends across total FER
scores, angry, disgust, fear, surprise, and neutral scores, where men are the least accurate,
followed by women with a provisional PCOS diagnosis, and women without a provisional PCOS
diagnosis were the most accurate. These significant linear trends are consistent with hypothesis
three. However, group differences were not always significant as there were no significant
differences between women with a provisional PCOS diagnosis and men, which is inconsistent
with hypothesis three (i.e., women with provisional PCOS performed similarly to men). Thus,
there is partial support for hypothesis three. Additionally, there is some support for hypothesis
four because women with a provisional PCOS diagnosis were significantly less accurate than

women without a provisional diagnosis in detecting emotions across all faces. However, this was
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due to a significant effect for fear, and there were no significant group differences in detecting
other individual emotions.

Sex Difference: Women were more accurate than men on the facial emotion recognition
task

In the current study, women were more accurate than men in detecting emotions (total
FER scores). There was also a significant difference between women and men in identifying
anger, disgust, fear, and surprise, which aligns with the existing literature and supports
hypothesis 1. While many studies have not examined neutral faces (i.e., images with actors not
emoting an emotion), one study by Wingenbach et al. (2018), also used the same images as those
in the present study and found no significant difference in performance between men and women
when recognizing neutral faces. Their finding aligns with the findings from the present study.
The result that women are more accurate than men in emotion recognition across all emotions
aligns with Wingenbach et al.'s (2018) findings and Thompson and Voyer's (2014) meta-analyses
in terms of the magnitude of effect size (classified based on Cohen, 2013) and directionality.
Both studies noted higher accuracy in women than men in identifying the six emotions (anger,
disgust, fear, sadness, surprise, and happiness).

In the present study, women were not significantly more accurate than men at identifying
sad and happy expressions, which is inconsistent with previous findings (Thompson & Voyer,
2014). There are four possible explanations for this inconsistency.

First, the inconsistency could be because participants completed the task online in
different settings, leading to lower experimental control of the environment. However, it is
unclear why this lower experimental control would selectively affect happy and sad emotion

recognition.
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A second explanation for this disparity could be the absence of data on the history of
brain injury, antipsychotic use, and bipolar disorder for males, which prevented their exclusion
based on these criteria. Previous studies propose that these factors—brain injuries (Ietswaart et
al., 2008), antipsychotic use (Penn et al., 2009), and bipolar disorder (Bozorg et al., 2014) —
could hinder facial emotion recognition abilities. While it might be that removing participants
with such conditions might lead to significant sex differences for happy and sad, it is unclear
why sad and happy would be the only emotions that are differentially affected by these
exclusionary criteria. Furthermore, previous studies have not explicitly excluded participants
with these characteristics (e.g., Connolly et al., 2019; Wingenbach et al., 2016).

A third possibility might be that the emotions of sadness and happiness have the smallest
sex difference effect size across all emotions, which may contribute to the non-significant
findings. This explanation is unlikely because past studies indicate that the effect size for happy
and sad is larger than surprise, which has the smallest effect size (Thompson & Voyer, 2014;
Wingenbach et al., 2018), and in the present study there was a significant difference between
men and women on surprise. So, it is unclear why a significant difference was not detected for
happy and sad.

The fourth explanation is that the active recruitment of women with PCOS (e.g., online
PCOS Facebook groups) may have resulted in a higher representation of women with PCOS in
the current sample than in previous research on sex differences. This explanation seems plausible
because excluding women with a provisional PCOS diagnosis and comparing men to women
without a PCOS diagnosis resulted in a non-significant trend (p = .064), with women being more
accurate at recognizing happiness. At the same time, a similar comparison between women

without a provisional PCOS diagnosis to men did not result in a significant sex difference in
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recognition of sadness (p =.636), so it is still unclear why we did not find a significant difference
between men and women in emotion recognition accuracy for sadness.

Overall, the finding of the expected sex differences on the facial emotion recognition task
provides support for existence of sex differences, but also for the validity of this measure. These
findings increased confidence in the power of this facial emotion task to detect differences
between women high and low in PCOS symptoms, if such differences exist. However, it is
possible that the facial stimuli used for assessing happiness and sadness may not have been as
sensitive as the stimuli for assessing the other emotions.

Relationship between PCOS symptoms and facial emotion recognition accuracy

The current results suggest that women with more severe PCOS-related symptoms (e.g.,
women with more severe hair growth) were less accurate at identifying fear, which is consistent
with hypothesis two and aligns with Sukhapure's (2019) unpublished dissertation indicating that
women with PCOS were less accurate at detecting fear than those without the condition. This
study is the only one to have previously examined facial emotion recognition in PCOS, and no
studies have examined the full continuum of PCOS symptoms, like the present study.

While some of the present findings are consistent with the previous study and hypothesis
two (i.e., a small effect size for fear recognition), the lack of a significant association between
facial emotion recognition performance across all the emotions and the four PCOS variables
(PCOSQ scores, Hair Severity score, sFG score, mFG score) does not support hypothesis two.
There are two possible explanations for the lack of strong support for hypothesis two. Firstly,
previous research comparing women with PCOS to women without PCOS found that the largest
difference between groups was for accuracy in fear recognition, which suggests that PCOS may

be more strongly associated with lower fear recognition than other emotions. This likely explains
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why fear recognition was the only emotion significantly correlated with any PCOS variables in
the present study. The power of the present analyses and methodology to detect individual
differences in emotion recognition may have been lower due to the methodology (e.g., an online
study) and due to the examination of the continuum of symptoms as opposed discrete groups of
women with and without PCOS. Thus, it is not surprising that only the emotion with the largest
effect size (i.e., fear) was found to be associated with PCOS symptoms.
Diminished fear recognition in women with a provisional diagnosis of PCOS

In the present study, the distribution of FER total scores, and five individual emotion
recognition scores (i.e., angry, disgust, fear, surprise, and neutral), demonstrated significant
linear trends such that women without a provisional diagnosis of PCOS performed better than
women with a provisional diagnosis of PCOS, who performed better than men. This finding
along with the result of an overall group difference when examining total FER scores provide
support for hypothesis three. When examining group differences, the following group differences
are consistent with hypotheses three and four: (a) women without a provisional diagnosis were
significantly more accurate at recognizing emotions overall, and specifically fear, than women
with a provisional PCOS diagnosis and men; and (b) although there were no statistically
significant differences between means, the direction of the means indicated that women with a
provisional diagnosis were more accurate than men at recognizing all the seven emotions. As
well, it appears that women with a provisional diagnosis of PCOS performed similarly to men.
Thus, women with provisional PCOS performed worse than expected, as it was hypothesized
that they would still have better recognition accuracy than men.

The findings that women without a PCOS diagnosis had higher accuracy on the FER task

than women with a provisional PCOS diagnosis in recognizing emotions overall as well as with
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fear, is consistent with the one previous study by Sukhapure (2019) that compared the FER
accuracy of women with and without PCOS. The current findings are comparable in
directionality and magnitude (small effect sizes) to the findings of Sukhapure (2019), who found
that women with a PCOS diagnosis performed worse than women without the diagnosis,
especially when identifying fear. As well, the present findings are in line with studies examining
the relationship between sublingual T administration and women’s responses to emotional faces.
For example, Bos et al., (2013) found that, after receiving T sublingually, women showed an
increased amygdala activity when viewing fearful faces. van Honk et al., (2005), found women
given sublingual T spent less time attending to fearful faces in an emotional Stroop task
compared to women not receiving any sublingual T. The results of these two studies suggests
that androgen levels (measured as T levels) may affect emotion recognition related to fearful
faces. The current findings are also in line with research by Rukavina et al. (2018), who reported
that men with lower levels of naturally occurring testosterone (a type of androgen) were more
accurate than men with higher testosterone at recognizing fear on a FER task and the findings by
Thompson and Voyer (2014) who reported that women (who naturally have lower endogenous
androgen levels than men) were better at recognizing emotions than men. Correspondingly,
considering that most women with PCOS symptoms have higher androgen levels (e.g.,
testosterone levels) than those without PCOS (Azziz, 2006), it is likely that women in the present
study with provisional PCOS have higher androgen levels than those without the provisional
diagnosis. Thus, the current findings provide support for the theory that androgens, including
testosterone, have an adverse influence on facial emotion recognition (Perovi¢ et al., 2022) as
women without PCOS (who likely have lower androgen levels) were more accurate at

recognizing fear than women with the provisional diagnosis.
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An alternative explanation, as to why women with PCOS perform worse on cognitive
tasks that usually have a female advantage, such as a facial emotion recognition task, may be
related to metabolic issues (e.g., insulin dysregulation) as opposed to androgenic factors. For
example, women with PCOS performed worse than women without PCOS on mental rotation in
the study by Jarrett et al., (2019) and the decrease in performance was significantly correlated
with elevated levels of hemoglobin (which is related to insulin dysregulation) and not
significantly correlated with androgen levels (e.g., testosterone levels). On the other hand, a
study by Barry, Parekh, and Hardiman, (2013) found women with PCOS were more accurate at
mental rotation tasks than women without PCOS. While reasons for this discrepancy is unclear,
it is possible that androgens or testosterone are not the primary or only reason why women with
and without PCOS differ in FER. It is important to acknowledge theories that factors other than
androgens may play a role in the cognitive differences observed between women with and
without PCOS (Perovi¢ et al., 2022).

While some of the present findings were consistent with hypotheses three and four, two
results were inconsistent with the hypotheses. Firstly, there were no significant differences in
emotion recognition accuracy between women with a provisional diagnosis of PCOS and men
across all the emotions or on the total FER score. This suggests that women with provisional
PCOS actually had similar performance to men, which is somewhat inconsistent with hypothesis
three, which proposed women with provisional PCOS would perform better than men regarding
FER performance (i.e., best performance in women without a provisional diagnosis and worst
performance in men). Thus, the women with provisional PCOS performed even worse (relative
to men) than was hypothesized. There are two potential explanations for the lack of a significant

difference in FER performance between men and women with a provisional diagnosis of PCOS.
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First, when comparing the three groups, differences between the groups were small to medium
effect sizes, which suggests the current study might not have had enough participants/power,
especially in the group of women with a provisional diagnosis, to detect a significant effect.
Second, in the present sample, approximately 50% (8 out of 19) of women with a provisional
PCOS diagnosis also self-reported a medical diagnosis of PCOS. Notably, a considerable
proportion of women (approximately 60%) diagnosed with PCOS have been observed to exhibit
elevated androgen levels (Azziz, 2003) or distinctive physiological responses to androgens
(Ditkoff et al., 1995). It is conceivable that women within the provisional PCOS category in our
study might have experienced a similar hormonal milieu. Given the established norm of higher
androgen levels in men compared to women, it is possible that the hormonal environment—such
as androgen levels and their responsiveness—of women with provisional PCOS might have had
greater similarity to men than originally hypothesized. This potential overlap in hormonal
profiles could offer insight into why women with PCOS exhibited performance patterns more
akin to men than women without PCOS. It's important to note that this study represents the first
attempt at comparing women with provisional PCOS diagnoses (or those with PCOS) to men. As
such, the observed findings warrant replication and further investigation.

The failure to find significant differences in recognizing sadness between women with vs.
without a provisional diagnosis of PCOS, was inconsistent with the findings of Sukhapure
(2019). They found that women with PCOS were significantly worse at recognizing sadness than
women without PCOS. There are three possible reasons for this inconsistency. One potential
explanation could be that the differences between groups may be of a small effect size and a
small effect size combined with low power (i.e., small sample size) would have resulted in no

significance. The second possibility is that there may be no group differences between women
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with PCOS (or provisional PCOS) and without PCOS, and that the finding reported by
Sukahpure (2019) was a spurious finding. The other possible explanation for this inconsistency is
that women in the present study were classified into categories based on self-reported PCOS
symptoms instead of being classified by medical diagnosis, as was the case in Sukhapure’s
(2019) study. Thus, it could be that women included in the provisional PCOS category had
subclinical PCOS symptoms, which would make them different from the women in the
Sukhapure (2019) study who had a clinical diagnosis of PCOS, thereby explaining the
discrepancies between the studies. The use of medical diagnoses of PCOS in the previous study
would have been a more powerful design and could explain the inconsistent findings between the
two studies.
Limitations and Strengths

This section presents an analysis of limitations and strengths related to three aspects, (1)
the FER task, (2) the measurement and classification of PCOS, and (3) the sample of the current
study. In the following section each aspect will be reviewed, along with its limitations and
strengths.
Limitations and Strengths Related to FER Task

The task in the present study was completed online which has two potential limitations.
First, reaction time could not be measured, and effects related to reaction time measures could
not be studied. Second, there was significantly less experimental control compared to a lab
setting. While the prior study by Sukhapure (2019) measured both accuracy and reaction time for
women completing a FER task, they found that women with and without PCOS differed
significantly in accuracy but not reaction time. Thus, their findings suggest that accuracy may be

a more important variable to measure than reaction times. Even though participants completed
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the task in a less controlled setting, sex differences which have been reported in previous
literature were detected. These findings provide support for the task's ecological validity. One
other limitation related to the stimuli presented for the FER task, is the use of only Caucasian
actors which may have led to an other-race bias (Zhao et al., 2014) for non-Caucasian
participants.

The present study had a number of strengths related to the FER task. The task used in the
current study differs slightly from other FER tasks because it included neutral expressions, two
facial emotion intensities instead of three (Wingenbach et al., 2018), and had significantly more
trials that traditional tasks (Connolly et al., 2019; Hall, 1978). These are all strengths of the
present study. Traditionally, studies focused on sex differences and facial emotion recognition
(e.g., Biele & Grabowska, 2006; Connolly et al., 2019; Montagne et al., 2007) have examined
the six primary emotions (i.e., anger, disgust, fear, sadness, and happiness) without including
neutral expressions. The inclusion of images with neutral expressions is a strength of the current
study as it includes assessment of the ability to recognize when no emotion is present and
ensures that high accuracy on other tests is not due to any biases to identify emotions when they
are not actually present. The ADFES-BIV database from which stimuli for this study were
adapted consisted of images with three different intensities (high, medium, and low), but in the
present study, only medium and low-intensity images were used to increase task difficulty.
Despite this difference, we found significant sex differences in FER performance, with women
being more accurate than men, which suggests that the task used in the present study, which is
shorter than the original task, is a valid/sensitive method of testing FER performance. Despite the
small sample size, the present study included over 100 trials per participant, contributing to a

powerful design.
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Limitations and Strengths Related to Measurement and Classification of PCOS

The current study measured self-reported PCOS symptoms on a continuum and women
were classified as either meeting or not meeting criteria for a provisional PCOS diagnosis. One
potential limitation of grouping women based on their PCOS symptoms, is that women who
would not meet the threshold for a clinical diagnosis of PCOS could be included in the
provisional PCOS group, thereby reducing the difference between the two groups of women
(with vs. without provisional PCOS). The other study focused on FER and PCOS by Sukhapure
(2019) examined women with a clinical diagnosis of PCOS vs. those without, and this might
have led to a more powerful design than the current study when looking at group differences.
However, our finding of group differences when using provisional diagnoses based on self-report
data suggests that differences in FER between women with and without PCOS is a robust
finding.

Despite the limitations related the classification of women into those with vs. without a
provisional PCOS diagnosis, examining the full spectrum of PCOS symptoms allows
examination of whether subclinical symptoms are associated with reduced FER. As suggested by
other researchers (Perovic¢ et al., 2022; Rellini et al., 2013; Tzalazidis & Oinonen, 2021b),
including women with subclinical symptoms of PCOS and measuring PCOS symptoms along a
continuum is an important way to examine the full range of PCOS symptoms. Furthermore, the
participants in the current study reported on various androgenic symptoms (e.g., hair severity)
associated with PCOS, contributing to a more nuanced examination of how each symptom could
be distinctly associated with FER performance. The present study is only the second study to
examine the association between androgenic symptoms and FER accuracy in women, and the

first to examine the full continuum of PCOS symptoms. Sukhapure (2019) noted that women
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diagnosed with PCOS were less accurate at identifying fear and sadness than those without the
diagnosis (small effect size). This study expanded upon Sukhapure's work by investigating the
relationships between FER performance and the full continuum of women with PCOS
symptoms, encompassing women with subclinical symptoms and no symptoms. The current
study also included a group of men, which had not been done previously.
Limitations and Strengths Related to Participant Sample

The sample included in the current study was recruited primarily from a university
population, which means that generalizing the findings of the present study to the larger
population is restricted (i.e., lower generalizability to older, less educated, less affluent people).
One additional limitation related to the current sample, is that due a clerical error, men in the
current study were not asked about their history of brain injury, bipolar disorder, or antipsychotic
use, precluding the exclusion of such individuals from analyses that involved men. However, it is
noteworthy that excluding men based on these criteria is uncommon in research focusing on FER
(e.g., Biele & Grabowska, 2006; Connolly et al., 2019; Montagne et al., 2007). It was the case
that women with characteristics that were related to facial emotion recognition such as brain
injuries (Ietswaart et al., 2008), antipsychotic use (Penn et al., 2009), and bipolar disorder
(Bozorg et al., 2014), were excluded from the relevant analyses that did not involve men, even
though these variables are not commonly used as exclusionary criteria (Connolly et al., 2019).
The exclusion of people with a history of brain injury, anti-psychotic use, and bipolar disorder,
also helped ensure that other potential confounds were removed. An additional limitation could
be related to the absence of exclusion criteria based on caffeine, nicotine, and cannabis use. This
is noteworthy because use of caffeine, nicotine, and cannabis have been associated with FER

performance (Miller et al., 2015). However, many FER studies do not exclude participants based
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on exclusion criteria related to caffeine, nicotine, and cannabis use (Connolly et al., 2019; Hall,
1978), so this was not a unique limitation of the present study.
Future Studies

Given that this is the first study to examine the relationship between FER and the
continuum of PCOS symptoms, future studies should replicate the present findings. Future
studies could also examine the relationship between FER performance and other specific PCOS
symptoms in women diagnosed with PCOS because there are several phenotypes of PCOS
(Azziz, 2006; Perovic et al., 2021). In addition to examining the symptoms of PCOS, future
studies should examine biological markers (e.g., androgen levels, insulin dysregulation) that
might also mediate or moderate the relationship between FER performance and PCOS
symptoms. The current findings need to be examined with a sample the includes older women
who may be experiencing menopausal symptoms, because some research suggests that PCOS
symptoms can change with age (Perovi¢ et al., 2022).

Prior studies indicate an association between FER performance and use of caffeine,
nicotine, and cannabis (Miller et al., 2015). Thus, it may be important to assess participants'
consumption of these substances and control for them. While we did assess alcohol use, these
other variables were not included in the present study, representing a limitation which could be
addressed in future studies.

Implications

Accurate recognition of fear in facial expressions is a critical aspect of human social
cognition, serving as an early warning system for potential threats and aiding in effective
decision-making. Notably, individuals who struggle to accurately identify emotions in others

might be less sensitive to subtle cues indicating danger and might consequently experience
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challenges in accurately identifying risk. For example, individuals with cerebellar stroke who
experience deficits in emotion recognition were identified as being more likely to engage in risky
decision making than healthy controls, when in simulated life-threatening situations (e.g.,
deciding not to brake even when seeing a child in front of the car in a driving simulator) (van den
Berg et al., 2020). The findings from the present study suggest that women with a provisional
PCOS diagnosis are less accurate at identifying emotions as compared to women without a
provisional PCOS diagnosis, and it might be that women with PCOS symptoms are also more
likely to experience deficits in accurately assessing and responding to risk. In certain contexts
that demand quick assessment of others’ fear expressions (e.g., in situations of perceived threat),
those who are less accurate in recognizing fear would be at greater risk of making a dangerous
choice (e.g., choosing to approach rather than flee the danger).

The ability to recognize facial emotions and fear in others may also affect women’s
ability to form social connections. One theory around child-rearing hypothesizes that women are
more accurate at recognizing emotions than men because, as primary caregivers, they need to be
more sensitive to emotional expressions so that they can form connections by responding to their
children’s needs (Hampson, van Anders & Mullin, 2006). In addition to the adaptive value of
fear recognition for parenting, women with lower fear recognition would be less likely to
recognize fear (and possibly anxiety) in those around them, thus missing out on an opportunity to
comfort and build connections with those individuals. It is noteworthy that adolescent girls with
social anxiety who have deficits in forming social connections, are also found to have lower
accuracy in recognizing fear on a FER task when compared to those without social anxiety
(Wieckowski et al., 2016). Overall having lower fear recognition could negatively affect the

ability of women with PCOS symptoms to form social bonds and connections with others.
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Poorer emotion recognition, especially lower accuracy in detecting fear, is a common
deficit associated with mood disorders such as bipolar disorder and depression (Kohler et al.,
2011), and women with PCOS are at greater odds of having both of these disorders (Brutocao et
al., 2018). The current study suggests that women with PCOS likely exhibit lower overall
emotion recognition accuracy, including fear recognition. This finding adds to our understanding
of how potential emotion recognition deficits observed in women with PCOS symptoms could be
related to the higher rates of mood disorders that are present in women with PCOS. This
potential relationship implies that deficits in emotion recognition might both contribute to and

result from mood disorders in the context of PCOS.
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Tables

Table 1

Examination of Group Equivalency Between Men and Women (t-Tests): Means (SDs).

Men Women

Variable

(n=152) (n=140)
Age (years) 23.46 (7.67) 22.33 (5.10)
Typical number of drinks 4.33 (2.36) 3.75(1.41)
Typical alcohol use score 2.25(0.95) 2.02 (0.69)
Exercise in the past 24 hours * * 3.75(1.41) 3.00 (1.46)
Hours of sleep last night 7.13 (1.37) 7.38(1.80)
BMI (kg/m?) 24.63 (6.23) 24.35(7.02)
PSS 20.06 (5.82) 22.19 (6.14)
Positive affect (now) *** 20.80 (8.11) 23.86 (8.17)
Negative affect (now) 20.10 (8.73) 18.97 (7.31)
ACEs score 1.53 (2.30) 2.21(2.44)

Note: Variables above the line were examined as potential covariates, and variables below the
line reflect ones expected to differ or be of theoretical interest.

?Variable represents a physical activity score in the past 24 hours

BMI = Body Mass Index (kg/m?); PSS = Perceived Stress Scale; Positive Affect (now) =
PANAS Positive Affect; Negative Affect (now) = PANAS Negative Affect Scale; ACEs =
Adverse Childhood Experiences.

*p <.05.%*% p<.01. *** p<.001.
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Table 2

Examination of Group Equivalency Between Men and Women (Chi-Square Tests): Frequencies

(Percentages).
Variable Men Women
(n=152) (n=140)
Ethnicity
White 35(67.30) 103 (73.57)
Other 17 (32.70) 37 (26.42)
Highest Education
Completed High school 15 (28.84) 30 (21.42)
Some College 3 (5.76) 2(1.42)
Completed College 6 (11.53) 23 (16.42)
Some University 24 (46.15) 77 (55.00)
Completed University 4 (7.69) 4 (2.85)
Some graduate studies 0 1(0.71)
Completed a graduate degree 0 3(2.14)

*p <.05. %% p<.0].*** p<.001.
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Table 3

Examination of Group Equivalency Between Men, Women With, and Women Without a

Provisional Polycystic Ovary Syndrome (PCOS) Diagnosis (Analysis of Variance (ANOVAs)):

Means (SD).
Men Provisional PCOS No Provisional
Variable Diagnosis ? PCOS Diagnosis *
(n=152) (n=19) (n=107)
Age (years) 23.46 (7.67) 24.89 (6.87) 22.12 (4.82)
Typical number of drinks 4.33(2.36) 3.69 (1.78) 3.89 (2.06)
Typical alcohol use 2.25(0.95) 2.10(0.87) 2.03 (0.62)
Exercise in the past 24 hours ° * 3.75(1.41) 2.68 (1.45) 3.08 (1.46)
Hours of sleep last night 7.13 (1.37) 7.68 (2.11) 7.28 (1.76)
BMI (kg/m?) **x* 24.63 (6.23) 32.69 (7.44) 23.18 (5.79)
PSS! 20.06 (5.82) 24.18 (4.77) 21.76 (6.02)
Positive affect (now) 20.80 (8.11) 22.33 (8.25) 23.87(7.73)
Negative affect (now) 20.10 (8.73) 17.85 (6.76) 19.34 (7.79)
ACE:s score 1.53 (2.30) 3.00 (2.50) 2.01(2.43)

Note: Variables above the line were examined as potential covariates, and variables below the
line reflect ones expected to differ or were examined for theoretical interest.
? Women with a Provisional PCOS Diagnosis scored > 2, and women without a Provisional
PCOS Diagnosis scored < 2 on the Polycystic Ovary Syndrome Questionnaire (Pedersen et al.,
2007). ® Variable represents a physical activity score in the past 24 hours
BMI = Body Mass Index (kg/m?); PSS = Perceived Stress Scale; Positive Affect (now) =
PANAS Positive Affect; Negative Affect (now) = PANAS Negative Affect Scale; ACEs =

Adverse Childhood Experiences.

tp <.10.* p <.05. ** p < .01. *** p <.001.
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Table 4

73

Group Equivalency Between Men, Women With, and Women Without a Provisional Polycystic

Ovary Syndrome (PCOS) Diagnosis (Chi-Square Tests): Frequencies (Percentages).

Men Provisional Diagnosis * No Provisional Diagnosis *
Variable
(n=52) (n=19) (n=107)
Ethnicity
White 35(67.30) 15 (78.94) 80 (74.76)
Other 17 (32.69) 4 (21.10) 27 (25.23)
Highest Education
Completed High School 15 (28.84) 5(26.31) 19 (17.75)
Some College 3(5.76) 1(5.26) 1(0.93)
Completed College 6 (11.53) 2 (10.52) 21 (19.62)
Some University 24 (46.15) 9(47.36) 60 (56.07)
Completed University 4 (7.69) 1(5.26) 3 (2.80)
Some graduate studies 0 0 1(0.93)
Completed a graduate degree 0 1(5.26) 2 (1.86)
Oral Contraceptive Use
Yes - 4 (21.05) 33(30.84)
No -- 15 (78.94) 74 (69.15)
Taking Hormonal Medication
Yes - 9(47.36) 55 (51.90)
No - 10 (52.63) 51 (48.10)

Note: * Women with a Provisional PCOS Diagnosis scored > 2, and women without a Provisional PCOS

Diagnosis scored < 2 on the Polycystic Ovary Syndrome Questionnaire (Pedersen et al., 2007).

*p<.05. %% p<.0l. *** p<.001.
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Table 5

Examination of Group Equivalency Between Women With and Without a Provisional Polycystic

Ovary Syndrome (PCOS) Diagnosis (t-Tests): Means (SDs).

Provisional Diagnosis * No Provisional Diagnosis *
Variable

(n=16) (n=104)
Age (years) 24.13 (6.04) 22.01 (4.81)
Typical number of drinks 3.35(1.59) 3.88 (2.05)
Typical alcohol use score 2.12 (0.88) 2.04 (0.63)
Exercise in the past 24 hours® 2.68 (1.40) 3.08 (1.47)
Hours of sleep last night 7.56 (1.96) 7.31 (1.73)
BMI (kg/m?) *** 32.38(7.97) 27.25 (6.99)
PSS 24.06 (4.86) 21.62 (6.00)
Positive affect (now) 21.81 (8.18) 23.77 (7.46)
Negative affect (now) 18.00 (6.87) 19.42 (7.89)
ACE:s score 3.00 (2.72) 1.91(2.30)

Note: Variables above the line were examined as potential covariates, and variables below the
line reflect ones expecting to differ or be of theoretical interest.

* Women with a Provisional PCOS Diagnosis scored > 2, and women without a Provisional
PCOS Diagnosis scored < 2 on the Polycystic Ovary Syndrome Questionnaire (Pedersen et al.,
2007). ® Variable represents a physical activity score in the past 24 hours

BMI = Body Mass Index (kg/m?); PSS = Perceived Stress Scale; Positive Affect (now) =
PANAS Positive Affect; Negative Affect (now) = PANAS Negative Affect Scale; ACEs =
Adverse Childhood Experiences.

*p<.05. %% p<.0l. *** p<.001.
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Table 6

Examination of Group Equivalency Between Women With and Without a Provisional PCOS
Diagnosis (Chi-Square Tests): Frequencies (Percentages).

Variable Provisional Diagnosis No Provisional Diagnosis
(n=16) (n=104)
Ethnicity
White 12 (75.00) 78 (75.00)
Other 4 (25.00) 26 (25.00)
Highest Education
Completed Highschool 4 (25.00) 19 (18.30)
Some College 1 (6.25) 1 (0.96)
Completed College 2 (12.50) 19 (18.26)
Some University 8 (50.00) 59 (56.73)
Completed University 0 3 (2.88)
Some graduate studies 0 1 (0.96)
Completed a graduate degree 1 (6.25) 2(1.92)
Oral Contraceptive Use
Yes 4 (25.00) 32 (30.76)
No 12 (75.00) 72 (69.23)
Taking Hormonal Medication ®
Yes 9 (56.25) 50 (48.07)
No 7 (43.75) 53 (50.96)
Thyroid Disorder *
Yes 2 (12.50) 1 (0.96)
No 13 (81.25) 101 (97.11)
ADHD Diagnosis ©
Yes 2 (12.50) 9 (8.65)
No 14 (87.50) 95(91.34)

Note: * Women with a Provisional PCOS Diagnosis scored > 2, and women without a
Provisional PCOS Diagnosis scored < 2 on the Polycystic Ovary Syndrome Questionnaire
(Pedersen et al., 2007). ® This variable represents whether a woman is taking any hormonal
medication, including hormonal or oral contraceptives.

ADHD = Attention Deficit Hyperactivity Disorder.

*p <.05. %% p<.01.** p<.001.
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Table 7
Intercorrelations Between Polycystic Ovary Syndrome (PCOS) Variables: Pearson Correlations

(Spearmen’s rho)

PCOSQ score Hair Severity score  sFG score
(n=120) (n=126) (n =129)
PCOSQ Score -- 062 (.08) 24 (.16) *
Hair Severity Scores .06 (.08) -- 54 (.58) ***
sFG Score 24 (.16) *** 54 (.58) *** -
mFG Score A8 (.14) * .63 (.68) * 93(93) *

Note: The Hair Severity score and PCOSQ score had overlapping question content. The sFG and
mFG had overlapping question content. Significance values are based on the Pearson
correlations. When women had unanswered hair questions on the PCOSQ but reported having
hair growth on the Bedrick Questionnaire, corresponding Bedrick items were used to fill in the
PCOSQ item (e.g., if upper lip hair was reported on Bedrick, PCOSQ reflected upper lip hair).
PCOSQ = Polycystic Ovary Syndrome Questionnaire; Hair Severity Score = Sum of Hair items

from PCOSQ; sFG = simplified Ferriman-Gallwey Score; mFG = modified Ferriman-Gallwey
Score.

*p <.05. %% p<.01.*** p<.001.
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Table 8

Means and SDs for Hypothesis 1 Variables: Accuracy on Facial Emotion Recognition Variables

(FER) as a Function of Group (Men vs. Women).

FER Variable Men Women
(n=152) (n=140)
Total FER 97.69 (9.96) 106.20 (9.95)
Angry * 13.78 (3.53) 15.48 (3.60)
Disgust * 11.02 (3.84) 12.89 (3.53)
Fear * 9.51 (4.61) 11.83 (4.36)
Sadness 15.03 (2.18) 15.57 (2.23)
Surprise * * 19.53 (2.81) 20.70 (2.48)
Happy 18.01 (2.29) 18.71 (2.42)
Neutral ° 9.09 (1.11) 9.25 (1.06)

Note: Higher scores represent better accuracy. Means are unadjusted and untransformed.

*p <05, %% p< 01, **% p < 001.
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Table 9

Hypothesis 1 Group Differences on Facial Emotion Recognition (FER) Scores (Men vs.

Women): Analysis of Covariance (ANCOVAs)

FER Variable df F p ny mean diff. SE

Total FER *** 1,189 24.04 <.001 A1 8.13 1.66
Angry * 1,189 7.24 .008 .04 1.61 0.60
Disgust * 1,189 8.94 .003 .04 1.81 0.60
Fear * 1,189 9.93 .002 .05 2.33 0.74
Sadness 1,189 1.69 195 .009 0.48 0.37
Surprise ® * 1,189 6.90 .009 .03 0.25 0.09
Happy 1,189 2.59 .109 .01 0.64 0.40
Neutral ° 1,189 0.023 489 .003 0.25 0.04

Note: Positive mean differences reflect higher scores for women than men, and negative mean
differences indicate higher scores for men than women. The covariate of exercise, which is the
amount of exercise in the past 24 hours, was used. The overall multivariate analysis of
covariance (MANCOVA) with the seven emotions was significant, ' (7,183) =4.43, p <.001,
ny°=0.14.

4 Scores were square-root transformed.

®Scores were log-transformed.

*p <05, %% p< 01, **% p < 001.



EMOTION RECOGNITION & POLYCYSTIC OVARY SYNDROME 79

Table 10

Hypothesis 2: Correlations Between Polycystic Ovary Syndrome (PCOS) Variables and Facial

Emotion Recognition (FER) Variables in Women: Bivariate Pearson Correlations (Partial

Correlations)
PCOS Variables

FER Variables PCOSQ score Hair Severity score  sFG score mFG score

(n=120) (n=126) (n =129) (n=129)
Total FER -.14 (-.13) -.07 (-.07) -.04 (-.04) -.007 (-.008)
Angry -.059 (-.04) .01 (.01) .30 (.30) .03 (.03)
Disgust - 12 (-.13) -.06 (-.06) -.04 (-.04) -.01 (-.01)
Fear -.14 (-.13)' -.16 (-.16) ** - 18 (-.18) ** -.14 (-.14)
Sadness .02 (.01) -.02 (-.02) .05 (.05) .04 (.04)
Surprise .02 (.01) .08 (.08) A1 (.11) .08 (.09)
Happy .004 (.01) 13 (.13) .04 (.04) .07 (.07)
Neutral ° 021 (-.01) -.05 (-.05) .04 (.05) .05 (.05)

Note: The Hair Severity score and PCOSQ score had overlapping question content. The sFG and
mFG had overlapping question content. Significance values are based on the Pearson
correlations. When women had unanswered hair questions on the PCOSQ bu