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Purpose: Individuals with polycystic ovary syndrome (PCOS) are at increased risk of depression and anxiety symptoms and
impairment in aspects of cognitive function. However, there is little evidence regarding effects of standard treatment for PCOS on
these features of the syndrome. The aim of this study was to examine the effect of 12 weeks of naturalistic treatment of PCOS, with
usual medications, on depression symptoms, anxiety symptoms and cognitive function.

Patients and Methods: Thirty-three participants with PCOS received 12 weeks of individualised treatment based on clinical
presentation. Changes in depression and anxiety symptoms were assessed with the self-report Hospital Anxiety and Depression Scale
at baseline and 12 weeks, and cognitive function was assessed at the same time-points with a battery of tests spanning cognitive
domains of verbal learning and memory, visuospatial learning and memory, psychomotor speed, attention and executive function.
Outcomes were compared with a control group of 40 healthy participants.

Results: Participants with PCOS (mean age = 29.2 years; mean Body Mass Index = 27.4) were treated with a variety of medications,
predominantly spironolactone (n = 22) and oral contraceptives (n = 16). Depression and anxiety symptoms improved significantly over
the course of treatment, with moderate effect sizes (Cohen’s d 0.43-0.55, p < 0.05). Effect sizes of the difference in change from that
of the control group were moderate but did not reach statistical significance. Women undergoing PCOS treatment demonstrated
significant improvements in aspects of cognitive function, but improvement did not differ significantly from controls and effect size
changes were similar, suggesting practise effects in both groups.

Conclusion: Our study provides preliminary evidence that treatment of PCOS may be associated with improvement in psychiatric
aspects of the syndrome, particularly depressive symptoms.
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Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in premenopausal women." Worldwide
prevalence rates are between 5% and 10% depending on the diagnostic definition used,” and the economic impact is high,
with a recent meta-analysis estimating the annual economic healthcare burden of PCOS was $8 billion in the United
States.® It is a heterogenous disorder defined by a combination of signs and symptoms of androgen excess, oligo/
anovulation and polycystic ovarian morphology.* PCOS is associated with psychiatric disorders, including mood and
anxiety disorders.”® Moderate-to-severe depression and anxiety symptoms are increased in women with PCOS com-

9,10

pared with control groups in cross-sectional studies, and longitudinal studies suggest increased risk of incident
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depression and anxiety.'' As a result, screening for depression and anxiety has been recommended as a routine part of
PCOS assessment,'? and research into treatment for psychiatric aspects of PCOS has been identified as a priority.®

There is preliminary evidence of cognitive impairment in women with PCOS compared with control participants,'*'*
which is unsurprising given that cognitive impairment is considered a core feature of depression.'>'® Studies of
cognitive function in samples with depression consistently find a broad range of cognitive functions impaired, including
verbal and visuospatial learning and memory, executive functions, and psychomotor speed.'” In anxiety disorders,
impairment may still be evident across a number of domains, but can often be more circumscribed to attentional biases
(to threatening stimuli) and memory dysfunction (working and episodic memory).'” As well as potential effects on
cognitive function of comorbid depression and anxiety in PCOS, there are also possible direct effects of androgens on
cognition."'®

Very few studies have investigated the effects of treatment for PCOS on depression, anxiety, and cognitive function,

and studies are small. Findings are mixed, with two studies suggesting a reduction in depression,'*°

one study finding
a reduction in depression and non-significant reduction in anxiety®' and two studies showing no improvement in
depression or anxiety.>>?* Difficulty in interpreting findings across these studies is also hampered by studies not
including no-treatment comparison groups (or healthy control groups), and often using depression measures intended
for screening depression rather than assessing sensitivity to change in depression symptoms. With regards to the effects
of PCOS treatment on cognitive function, research is even more preliminary. Only one small study has demonstrated
improvement in some aspects of cognitive function with PCOS treatment.** Further research is needed in larger samples
with comprehensive and simultaneous measurement of depression, anxiety and cognitive function.

This paper reports longitudinal outcomes relating to mood, anxiety and cognition from a sample of patients treated for
PCOS. Cross-sectional (pre-treatment) associations between androgen levels, cognitive function, and mood and anxiety
symptoms in this sample have previously been published.” Higher free testosterone levels were significantly correlated
with poorer performance on measures of psychomotor speed and visuospatial learning, even after adjustment for
depression and anxiety symptoms.” Our aim here was to examine, in a preliminary naturalistic study, whether depression,
anxiety and cognitive function improved with individualised PCOS treatment, and whether there was an association
between change in these outcomes. We hypothesised that depression and anxiety symptoms and cognitive function would
improve with treatment, and that this improvement would be greater than that shown over the same time frame by
healthy participants.

Materials and Methods

This study was approved by the University of Otago Human Ethics Committee (ref: H14/047) and was performed
according to the principles of the Declaration of Helsinki and its later amendments. Written informed consent was
obtained from all participants. The approving ethics committee deemed participants in this study (all >16 years) were of
sufficient age to provide their own consent for research participation. Data were collected between June 2014 and
December 2017.

Participants

Participants aged 16 to 45 years with PCOS were recruited by selective referral from two gynaecological endocrine
clinics, as well as by self-referral from advertisements posted in local newspapers and social media, and from flyers
posted in public places in Christchurch, New Zealand (health centres, gymnasiums, libraries). PCOS diagnosis was
confirmed by a gynaecological-endocrinologist (AF) using the Rotterdam criteria.>> Control participants within the same
age-range but with normal androgen levels and no physical signs of PCOS (eg, hirsutism, severe acne, ovarian cysts)
were recruited by advertisement (newspapers, online, flyers in public places). Control participants were matched with
PCOS participants in a pair-wise manner (within 5 years of age). Exclusion criteria were taking exogenous hormones
(other than the oral contraceptive pill, OCP); psychotic disorders (eg, schizophrenia, schizoaffective disorder); neurolo-
gical conditions (eg, epilepsy, multiple sclerosis); chronic medical illnesses (eg, HIV, cancer); other endocrinological
abnormalities (eg, congenital adrenal hyperplasia); alcohol/substance dependence; menopause; hysterectomy; pregnancy;
previous serious head injury (loss of consciousness for>1h); current infertility treatment and insufficient visual or

2704 e Neuropsychiatric Disease and Treatment 2022:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Sukhapure et al

auditory functioning for completion of cognitive tests. Individuals in both groups were not excluded for taking
psychotropic medication (eg, antidepressant and anxiolytic medication).

Study Design

This is a naturalistic, parallel-group, longitudinal study, in that the treatment for PCOS was not altered from the
standard clinical treatment that women would generally receive at gynaecological endocrine clinics in New Zealand.
Participants with PCOS were prescribed open-label treatment as clinically indicated by their treating endocrinologist
based on their individual symptom profile at baseline. Prescribing followed the recommendations in the 2018
International Guidelines on PCOS.'? Clinical and cognitive assessments were conducted at baseline and 12 weeks
for PCOS and control groups. Blood samples were taken at baseline only. For the purposes of this paper, the control
group was included primarily to be able to account for practice effects (eg, improved performance) on cognitive
measures over time.

Clinical Assessment

Participants were screened using the brief, structured, diagnostic Mini International Neuropsychiatric Interview (MINI)*®
to exclude major psychiatric illnesses and alcohol/substance use disorders. These interviews were conducted by the
primary author (MS) under supervision from KMD. Body mass index (BMI) was calculated by measuring the height and
weight of each participant. Mood and anxiety symptoms were measured using the self-report Hospital Anxiety and
Depression Rating Scale (HADS), a 14-item scale designed to assess depression and anxiety symptoms in medical
samples.”’

Cognitive Assessment

Participants completed a battery of cognitive tests taking approximately 1.5 hours. Pencil-and-paper tests were adminis-
tered according to standardised instructions®® and computerised tests according to their manual protocols (CogState©).
The examiner (MS) was a post-graduate student (Masters in Clinical Psychology), who was trained and supervised by
a clinical neuropsychologist (KMD). Cognitive tests could be categorised under one of four cognitive domains: verbal
learning and memory, visuospatial learning and memory, attention and executive functioning, and psychomotor speed.
See Table 1 for a summary of cognitive domains examined by each test and abbreviated test names. The National Adult
Reading Test (NART),? which involves the participant reading 50 words aloud to the examiner, was used as an estimate
of verbal intelligence.

Verbal Learning and Memory

Consonant Vowel Consonant (CVC) non-word verbal learning task:*° The CVC task includes nonsense words or “non-
words”, rather than words with semantic meaning. Each non-word comprises three letters beginning and ending with
a consonant, with a vowel in the middle (eg vev, fol). Pre-recorded lists of 15 non-words are played to participants
through a laptop speaker and presented on the screen simultaneously with a gap of 2 seconds between each non-word.
The list is presented five times, and after each presentation, the participant is asked to recall as many non-words as
possible. Delayed recall is assessed after a period of 15 min. In the recognition trial, the participant is presented with 30
words, comprising 15 new non-words and 15 from the original list and asked whether they have seen the word before
or not.

Visuospatial Learning and Memory

Groton Maze Learning Test (GMLT):*' On a computer screen, participants navigate through a 28-step hidden pathway,
within a 10-by-10 grid of squares. The process is repeated for four successive learning trials (ie, 5 learning trials in total)
and one delayed trial after 20 min. On each trial, the number of errors is recorded.

Psychomotor Speed
Timed Chase Test (TCT):*' Participants chase a moving tile around a grid of squares on the computer screen for 30s. The
number of correct moves made per second is recorded.
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Table | Cognitive Testing Battery and Cognitive Domains

Test Abbreviated Test Name | Domain
Consonant Vowel Consonant Test — learning trials CVClI Verbal learning and memory
CVC5
CVCI-5
Consonant Vowel Consonant Test — delayed recall and recognition | CVCDR
CVC recog
Groton Maze Learning Test — learning trials GMLTI Visuospatial learning and memory
GMLTS
GMLTI-5
Groton Maze Learning Test — delayed recall GMLTDR
Timed-Chase Test TCT Psychomotor speed
Trail Making Test Part A TMT-A
Trail Making Test Part B TMT-B Attention/executive function
Controlled Oral Word Association Task COWAT
Digit Span Test — forward, backward and total DigF
DigB
DigT

Abbreviations: COWAT, Controlled Oral Word Association Test; CVCI, Consonant Vowel Consonant Test — trial |; CVC5, Consonant Vowel Consonant
Test — trial 5; CVCI-5, Consonant Vowel Consonant Test — total trials | to 5; CVCDR, Consonant Vowel Consonant Test — delayed recall; CVC recog,
Consonant Vowel Consonant Test — recognition; DigB, Digit Span — backwards; DigF, Digit Span — forwards; DigT, Digit Span — total; GMLT|, Groton Maze
Learning Test — trial |1; GMLTS5, Groton Maze Learning Test — trial 5, GMLT -5, Groton Maze Learning Test — total trials | to 5; GMLTDR, Groton Maze
Learning Test — delayed recall; TCT, Timed Chase Test; TMT-A, Trail Making Test — Part A; TMT-B, Trail Making Test — Part B.

Trail Making Test Part A (TMT-A):*? Participants connect a series of numbers, unevenly distributed on paper, in
ascending order, as quickly as possible. Time taken to complete the task is recorded.

Executive Function

Controlled Oral Word Association Test (COWAT):*>* Administered using the letters C-F-L (and P-R-W at follow-up). The

number of words generated for each letter, in 90s, is recorded and summed for the three letters, giving a total score.
Trail Making Test Part B (TMT-B):*? Requires participants to connect a series of numbers and letters in ascending

order, alternating between the two sequences (1-A, 2-B, etc), as quickly as possible. Time taken to complete the task is

recorded.

Verbal Working Memory and Attention
Digit Span Test:** Participants are read a sequence of numbers and asked to repeat the same sequence back to the
examiner in order (forwards) or in reverse order (backwards). Total score (number of sequences correctly recalled) for

forwards and backwards are calculated, as well as total score (forwards and backwards summed).

Biological Assessment

Blood samples were collected from all participants by a research nurse at baseline to measure biochemical markers of
reproductive status (ie, total testosterone, sex hormone-binding globulin [SHBG]). Free testosterone was calculated from
the measured serum levels of total testosterone and SHBG.*® Blood samples measuring hormone levels were not
routinely collected at follow-up, but routine checks of biochemistry to ensure medication safety were performed. All

remained within appropriate normal ranges.’
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Statistical Analysis

Analyses were conducted using the IBM SPSS Statistics for Windows, version 19.*° Baseline demographic and clinical
variables were compared between PCOS and control groups using independent samples #-tests. Related sample #-tests
were conducted to analyse change in depression symptoms, anxiety symptoms and cognitive functioning over the course
of treatment within the PCOS group. Effect sizes were calculated for differences from beginning to treatment-end
(Cohen’s d). Change scores were calculated for depression symptoms, anxiety symptoms and cognitive function. Higher
scores reflected improved symptoms and performance. Between-group comparisons of change were calculated using
independent samples #-tests. Bivariate correlational analysis was used to assess for a relationship between change in
mood and anxiety symptoms and change in cognitive function over the course of treatment in the PCOS group.
A positive correlation reflected an association between improvement in symptoms and improved cognitive performance.

Results
Eighty-one participants (40 with PCOS, 41 control participants) were recruited and completed baseline assessment.
Demographic and baseline clinical characteristics are outlined in Table 2. One control participant and seven participants
with PCOS were lost to follow-up. Mean age and anxiety symptoms did not differ significantly between groups. Mean
baseline HADS score in PCOS completers was 12.48, reflecting a mildly symptomatic group. Participants with PCOS
had significantly higher levels of depression symptoms compared with control participants and there were expected
differences in BMI and free testosterone (see Table 2). Regarding ethnicity, 63% of the whole sample (PCOS and control
groups combined) identified as New Zealand/European, and 6% as New Zealand Maori, with no significant differences in
ethnicity distribution between PCOS and control groups (* = 0.8, p = 0.1). A small number of participants were taking
antidepressant (PCOS group, n = 1, control group, n = 4) and anxiolytic (PCOS group, n = 0, control group, n = 2)
medications, with no changes to these medications over the 12-week study period and no significant difference between-
groups in use of these medications.

Participants were treated by a gynecological endocrinologist (AF) with a variety of medications for PCOS as
clinically indicated (Table 3). Participants were often started on a combination of medications (69.7%, n = 23).

In participants with PCOS, significant reductions in depression and anxiety symptoms over the course of treatment
were found (all p < 0.05), with moderate effect sizes (0.43-0.55). Although improvements in depression and anxiety
symptoms differed between PCOS and control groups and were moderate in effect, the difference did not reach statistical

significance (p = 0.09). There were no significant changes within the control group.

Table 2 Baseline Demographics and Clinical Characteristics

Completers (n = 33) | Non-Completers(n=7) | Controls (n = 41)
M (SD) M (SD) M (SD)
Age 29.24 (6.81) 29.29 (8.62) 28.20 (7.87)
NART 105.15 (8.61) 104.29 (10.19) 111.44 (8.69)**
BMI 27.37 (8.62) 30.33 (7.83) 24.25 (4.53)*
FT (pmol/L) | 30.52 (14.71) 31.29 (11.97) 19.32 (8.27)***
HADS 12.48 (6.91) 16.43 (8.22) 9.73 (6.20)*
HADS-A 7.67 (3.81) 9.86 (4.74) 6.73 (3.65)
HADS-D 4.82 (4.00) 6.57 (4.16) 3.00 (3.36)*

Note: *p<0.05, **p<0.01, ***p<0.001, referring to comparison between completers and controls. Normal range for
free testosterone in women = 2.0-24pmol/L.
Abbreviations: BMI, body mass index; FT, free testosterone; HADS, Hospital Anxiety and Depression Scale;
HADS-A, Hospital Anxiety and Depression Scale — Anxiety subscale; HADS-D, Hospital Anxiety and Depression
Scale — Depression subscale; NART, National Adult Reading Test.
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Table 3 Types of Polycystic Ovary Syndrome Treatments (n = 33)

Medication Baseline Number | Follow-Up Number
Spironolactone 0 22
Oral Contraceptive Pill | 5 16
Metformin 3 7
Cyproterone acetate 0 6
Progynova 0 2
Jadelle 0 |
Flutamide 0 |
Norethisterone 0 |
Bendroflumethiazide 0 |
Combination 0 23
Nil 24 0

Participants undergoing treatment for PCOS demonstrated significant improvements in aspects of cognitive function
with treatment, including measures of verbal learning and memory, visuospatial learning, and psychomotor speed
(Table 4). Effect sizes ranged from moderate (Groton Maze Learning Test [GMLT] - total learning: d = 0.39) to large
(Trail Making Test — Part A [TMT-A]: d = 0.61) to very large (Consonant Vowel Consonant Verbal Learning Test [CVC]
- total learning: d = 1.29). Other aspects of cognitive function did not improve significantly. When compared with control
participants, there was a significant difference in performance on the Timed Chase Test (TCT) over the course of
treatment (¢ (71) = 2.53, p = 0.014, d = 0.59; Table 4). This was due to poorer performance in controls at follow-up.
There were no other significant between-group differences in cognitive change scores.

Only one significant correlation was found between change in symptoms of depression and anxiety and change in
aspects of cognitive function. Specifically, reduced anxiety (HADS-A) was associated with improvement in Digit Span
Forwards (» = 0.37, p = 0.04) (Supplementary Table 1).

Discussion

In this preliminary study, we examined the effect of 12 weeks of naturalistic treatment of PCOS on depression symptoms,
anxiety symptoms and cognitive function. Most participants received a combination of treatments, with spironolactone
and OCPs the most commonly prescribed. Participants receiving treatment for PCOS showed significant improvement in
depression and anxiety symptoms. Effect sizes of change compared with the control group were moderate, but this was
not statistically significant. While aspects of cognitive functioning improved in the PCOS group, there was little
difference from improvement in control participants — suggesting that this was largely due to practice effects. Change
in cognitive function was not correlated with change in depression and anxiety symptoms, with the exception of
improvement in Digit Span Forwards with reduced anxiety.

The degree of change found in depression and anxiety symptoms is similar to that seen in previous studies. For
instance, a secondary analysis of a randomised controlled trial (RCT) demonstrated a significant reduction in depression
prevalence in patients randomised to 16 weeks of a low-dose OCP, compared with patients receiving a lifestyle or
combined intervention.”' Additionally, a small observational study found that patients with PCOS who were receiving
OCPs (n = 21) were less depressed than those not receiving treatment (n = 11)."> On the other hand, a cohort study (n =
36) found OCPs were not associated with improvement in depression or anxiety symptoms over 6 months, despite
improvement in hirsutism and menstrual functioning.”*> These studies have some limitations, including the use of
a screening instrument and the use of prescription of antidepressants as a proxy for depression and anxiety prevalence.”’
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Table 4 Change in Depression and Anxiety Symptoms and Cognitive Function Over |12 Weeks of Treatment

Measure PCOS (n = 33) Control (n = 40) t p d
Mean SD Mean SD

HADS 2.94%% 5.85 0.68 5.26 1.74 0.09 | 04l
HADS-A 1.15% 2.67 0.23 3.06 1.36 0.18 | 032
HADS-D 1.82%* 3.74 0.45 291 1.76 0.09 | 04l
CVC trial | 1.33%¥% 2.06 1.30 2.07 0.07 095 | 0.02
CVC trial 5 1.977%%% 3.12 1.97 3.12 0.15 0.88 | 0.04
CVC total learning (trial 1-5) I1.30%* | 8.80 9.43 8.79 091 0.37 | 0.21
CVC delayed recall 2.30%%* 2.64 2.35 2.77 —0.07 | 094 | -0.02
CVC recognition list A (n=32) 0.16 1.59 —0.18 1.24 1.00 032 | 0.24
CVC recognition total score (n=14) 1.00 3.16 1.00 2.72 0.00 1.00 | 0.00

CVC recognition reaction time (ms) (n=14) 1219.35 8304.72 | 2356.33 | 580543 | -0.55 | 059 | —0.17

GMLT trial | (n=32) 1.09 3.76 1.00 3.95 0.10 092 | 0.02
GMLT trial 5 0.09 3.19 —0.15 3.09 0.33 0.75 | 0.08
GMLT total learning (trial 1-5) 4.00* 10.30 0.20 13.39 1.34 0.19 | 031
GMLT delayed recall —0.06 4.26 —0.45 3.0l 0.46 0.65 | O.11
TCT correct moves 1.49 7.67 -3.83 9.84 2.53*% 0.01 0.59
TCT no. errors 0.21 1.39 -0.73 2.75 1.88 0.07 | 0.42
TCT moves per second 0.05 0.25 -0.13 -0.32 2.52% | 0.0l 0.59
TMT Part A time (sec) 3.41%¢ 5.62 2.95 5.70 0.35 0.73 | 0.08
TMT Part B time (sec) 4.82 19.49 4.70 16.03 0.03 0.98 | 0.0l
COWAT total words 1.33 6.65 2.03 8.62 -0.38 | 0.71 | —0.09
Digit Forwards -0.12 2.10 -0.18 1.63 0.12 0.90 | 0.03
Digit Backwards 0.58 224 0.55 2.02 0.05 0.95 | 0.0l
Digit Span total 0.45 2.50 0.38 2.40 0.14 0.89 | 0.03

Notes: *p<0.05, **p<0.01, ***p<0.001. Significant results in the PCOS column denote significant within-group improvement (related sample
t-test). Significant results in the t column denote significant between-group differences (independent samples t-test).

Abbreviations: COWAT, Controlled Oral Word Association Test; CVC, Consonant Vowel Consonant Test; GMLT, Groton Maze Learning
Test; HADS, Hospital Anxiety and Depression Scale; HADS-A, Hospital Anxiety and Depression Scale — Anxiety subscale; HADS-D, Hospital
Anxiety and Depression Scale — Depression subscale; PCOS, polycystic ovary syndrome; TCT, Timed Chase Test; TMT, Trail Making Test.

While we hypothesised that improvement in depression and anxiety symptoms may relate to anti-androgenic
properties of medications, alternative mechanisms may have contributed. For example, the majority of participants
were started on spironolactone (n = 22, 66.7%). As well as anti-androgenic actions, spironolactone could improve mood
via its action as a mineralocorticoid receptor antagonist,’’ and metformin may do the same due to its anti-inflammatory
effects.*®° In this study, only 4 patients had metformin added to their treatment regime. The number was too small to
analyse separately. Several previous studies have examined associations between insulin sensitisers and depression and
anxiety symptoms. One RCT?° found that, compared with metformin (n = 20), pioglitazone (n = 20) was associated with

improvement in depression symptoms in patients with PCOS and moderate depression. On the other hand, Marsh et al*®
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did not find significant improvement in depression or anxiety symptoms with metformin, but in a very small open-label
(n = 7) study.

To our knowledge, the only previous study examining the effect of PCOS treatment on cognitive functioning is
a small RCT comparing the effect of cyproterone acetate (CPA) + oestrogen (n = 8) with placebo (n = 11).** While
treatment caused a significant reduction in free testosterone levels, it was only associated with improved performance on
a single cognitive measure (verbal fluency) amongst a battery of tests. The study did not compare change with a control
group, meaning that it was unable to differentiate from change induced by normal practice effects. Our study did compare
with control participants and found that there was no evidence of change compared with that which occurred in the
control group, which presumably relates to practice effects.

While current PCOS guidelines suggest that comorbid psychiatric difficulties be managed following conventional
treatment algorithms,'? our finding of improvement in depression and anxiety symptoms suggests that individualised
PCOS treatment may have beneficial impacts on psychiatric symptoms. This suggests that treatment of PCOS may be
a reasonable first-line strategy rather than starting antidepressant medications, with the attendant risk of side effects.
However, our findings are preliminary and need to be taken in the context of limitations of this study, and a caveat to this
conclusion is that when compared with the control group, the change was not significant.

This study had a number of limitations. First, the relatively small sample size may have limited the ability to
demonstrate a significant effect of treatment given that this afforded sufficient power only to demonstrate effect size
differences between the groups of 0.6. Second, difficulties demonstrating a difference between groups in change in
depression and anxiety symptoms were likely contributed to by the mild levels of symptoms in the PCOS group. Mild
depression symptoms may have also meant that less cognitive impairment at baseline in the PCOS group, and less
cognitive change over time, was observed, although we do note that even in unmedicated samples with mild-moderate
levels of depression and anxiety, significant cognitive impairment can be found.>® Third, the heterogeneous group of
medications meant that we were unable to analyse the effects of each medication. In relation to this point, a small number
of participants in both groups (total, n = 5) were taking psychotropic medications for depression. It is possible that these
medications may have altered performance on cognitive measures in this study, although we note that changes in these
medications did not occur over the 12-week period. Fourth, the study was open-label and therefore could not control for
placebo effects. Fifth, the selection of patients was not at random or consecutive and therefore there may have been
a source of bias in the results. However, the effect of this is likely to have been that more depressed patients were less
likely to enter the study and this will have contributed to a negative result regarding mood and anxiety. Sixth, once again
because of the low numbers of participants in the study, we were unable to conduct complex multivariate analyses to
produce results which were controlled for all possible mediating factors. To do so would have required very large sample
size.

The strengths of this study are its naturalistic, individualised approach to treatment; a sample which is larger than
previous studies on the effects of PCOS treatment on psychiatric outcomes; and concurrent measurement of depression,
anxiety and cognitive function. Participants were comprehensively assessed, with PCOS diagnoses made by a specialist
using the Rotterdam criteria, and psychiatric symptoms using a rating scale validated in medical samples. Participants
underwent an intensive battery of cognitive testing allowing a number of domains of cognitive function to be examined.

Conclusion

In this novel study, symptoms of depression and anxiety reduced significantly in participants with PCOS receiving
individualised treatment. While preliminary, this finding has important clinical implications and suggests that for
individuals with PCOS, treatment may have beneficial effects on depression symptoms, in particular. However, given
a lack of significant difference in change compared with control participants, the small sample size, and the fact that we
were unable, given the sample size, to conduct more complex multivariate analysis, the results must be viewed as
preliminary. Further studies of the impact of treatment on psychiatric symptoms and cognitive function in PCOS are
indicated. Studies including participants with higher levels of depressive and anxiety symptoms would be of interest and
may be more likely to be able to demonstrate significant improvement compared with comparator groups.
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