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Abstract

Objectives—The purpose of this review is to summarize physiological and psychological
characteristics that are common among women diagnosed with polycystic ovary syndrome (PCOS)
and provide evidence suggesting that addressing psychological disturbances can reduce or alleviate
physical symptoms of PCOS via behavioral pathways and physiological pathways.

Methods—Empirical studies and expert consensuses pertaining to physiological, psychological and
medical management aspects of PCOS were identified and presented in this review. Papers were
identified via searching Pubmed, Psycinfo, Medline ISI, CINAHL, or a web browser (i.e., Google)
using numerous combinations of terms pertaining to physiological, psychological, and medical
management aspects of PCOS. A paper was chosen to be included in this review if it reported findings
and/or provided information that related to and helped support the main purpose(s) of this review
paper.

Results—Available literature on the physiological (i.e., hyperandrogenism, central obesity,
inflammation, insulin resistance) and psychological (i.e., depression, anxiety, eating disorders)
factors among women with PCOS provides evidence that these various aspects of PCOS are strongly
inter-related.

Discussion—The existence of these relationships among physiological and psychological factors
strongly suggests that medical management of PCOS would greatly benefit from inclusion of
psychological and behavioral approaches.
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Polycystic ovary syndrome characteristics

Polycystic ovary syndrome (PCOS) is a relatively common endocrine disorder among women
of reproductive age and one of the most common causes of female infertility. Prevalence of
PCOS in the United States as defined by the 1990 NIH criteria is between 6.5% and 8% (1).
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In addition to infertility, several physiological (i.e., insulin resistance, inflammation, visceral
fat, infertility) and psychological (i.e., depression, anxiety, body image, social anxieties)
abnormalities are common among women with PCOS, all of which will be discussed herein.
Further, physiological mechanisms which connect these phenomena will be explained. This
paper will summarize evidence suggesting that addressing psychological disturbances can
reduce or alleviate physical symptoms of PCOS via not only behavioral pathways (i.e.,
increased exercise, smoking cessation), but also mood- and stress-related physiological
pathways. The articles included in this review were identified in Pubmed, Medline IS,
Psycinfo, CINAHL, or by searching via a web browser (i.e., Google). Articles were reviewed
if they were identified when searching using numerous combinations of two or more of the
following terms: polycystic ovary syndrome, inflammation, heart disease, insulin resistance,
psychological disorders, depression, anxiety, adolescents, intervention, trial, cognitive
behavioral, exercise, physical activity, fertility, hyperandrogenism, testosterone, visceral fat,
sleep disorders, cortisol, weight loss, diet, stress management, metformin, cost, psychotherapy.
A paper was chosen to be included in this review if it reported findings and/or provided
information which related to and/or helped support the main purpose(s) of this review paper.

Three key features characterize PCOS, including hyperandrogenism, chronic anovulation, and
polycystic ovaries. Hyperandrogenism, perhaps the most consistent and obvious diagnostic
feature of PCOS, is assessed clinically by acne, hirsutism, and alopecia, and also by
biochemical indices, including free testosterone and sex hormone binding globulin (SHBG).
These clinical characteristics and biochemical indices can vary greatly among individuals
depending on many factors including ethnicity, body mass index (BMI), and age. Partly due
to PCOS definition, 60% to 80% of women with PCOS have abnormally elevated circulating
testosterone (2).

The direct cause of PCOS remains unknown; both environmental and genetic factors are
implicated. Aggregate evidence suggests that hypothalamic-pituitary-adrenal (HPA) axis
defects, insulin activity abnormalities [i.e., insulin resistance in skeletal muscle tissue but
insulin sensitivity in adrenal and ovary tissue (3)], and genetic influences (4,5) interact to set
the stage for possible development of PCOS(6,7). The fact that its clinical presentation varies
so much among individuals is likely due to interactions of genetic and environmental factors.

Physiological Regulatory Problems and Diseases Common in PCOS

Insulin Resistance

Numerous studies have documented that insulin resistance is common in both obese and lean
women with PCOS (8). In fact, 70% of women with PCOS are insulin resistant (9), and
prospective clinical studies among women with PCOS in the U.S. have revealed a 7.5% to 10%
prevalence of type 2 diabetes mellitus compared to a 0.7% prevalence of type 2 diabetes in
healthy young women (10). Furthermore, the conversion rate from impaired glucose tolerance
to frank diabetes is 5- to 10-fold higher in women with PCOS compared with non-PCOS women
in both the U.S. and Australia (11).

The hyperinsulinemic state present in most women with PCOS appears to play a central role
in PCOS development and is considered to be the cause rather than the result of
hyperandrogenism (12). Studies supporting this hypothesis reveal that antiandrogen therapy
does not improve insulin resistance (13), while insulin-sensitizing agents (i.e., metformin) not
only improve insulin sensitivity but also improve menstrual abnormalities and reproductive
outcomes in women with PCOS, providing indirect evidence of reduced hyperandrogenism
(14). Insulin resistance appears to contribute to hyperandrogenism and other gonadotropin
abnormalities via at least two mechanisms. First, high concentrations of insulin reduce
circulating SHBG levels, resulting in increased bioavailable (free) testosterone, as less SHBG
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is available to bind with testosterone (15). Second, high insulin concentrations also stimulate
androgen biosynthesis from ovaries (16).

A common correlate of insulin resistance, obesity, is prevalent in women with PCOS. It is
important to emphasize that visceral, rather than subcutaneous, fat is a defining characteristic
of PCOS (17), as visceral fat plays an important role in the pro-inflammatory response
(described herein). Further, utilizing body mass index (BMI) to determine health status may
be misleading, as women with PCOS have greater total and proportion of lean muscle mass
per height than do controls (18). Surprisingly, given that lean muscle mass may be higher in
PCOS women and muscle tissue has relatively high caloric demands, women with PCOS
appear to have a significantly lower basal metabolic rate than do age- and BMI-controls; 1446
kcal/day and 1841 kcal/day, respectively (19).

The presence of obesity substantially affects the development and expression of PCOS. For
example, itis possible that awoman may have polycystic ovaries (PCO) but not meet diagnostic
criteria for PCOS, as obesity often contributes to development of other aspects of the syndrome
(i.e., menstrual irregularity, hirsutism) (20). In fact, PCO is present in approximately 20% of
all women and many of these women do not display other syndrome features, (i.e., hirsutism,
irregular menstrual cycles, and elevated testosterone), which likely would appear if a PCO
woman were to become overweight or obese (21). Prevention of obesity, then, is paramount
in order to prevent a commensurate increase in the incidence of PCOS and its associated
physiological abnormalities, especially during childhood and pre-adolescent years.

Endocrine abnormalities

In addition to insulin, other hormones related to obesity are cholecystokinin, the “satiety
hormone,” and cortisol. Interestingly, secretion of cholecystokinin is reduced among women
with PCOS, which causes abnormal appetite regulation, possibly leading to overeating and
subsequent obesity (22). Likely partially due to obesity but also seemingly inherent in women
with PCOS are cortisol level abnormalities; specifically, an increase of peripheral cortisol
metabolism due to abnormal levels of certain enzymes that metabolize cortisol (i.e., 5-alpha
reductase, 11 beta-hydroxysteroid dehydrogenase) (23-25). This increase in cortisol
metabolism may result in a decreased negative feedback signal to the HPA axis, thereby
maintaining high production of ACTH and, consequently, increased production of adrenal
androgens, which exacerbates PCOS symptoms (12). Evidence of HPA axis abnormalities
among women with PCOS have been demonstrated in several studies, and these abnormalities
cannot necessarily be attributed to body fat distribution, obesity, or androgen or insulin levels
(26,27).

Cardiovascular disease risk factors

Several studies have shown that women with PCOS and even PCO have increased
cardiovascular disease (CVD) risk factors compared with age-matched controls, including
hypertension, dyslipidemia, endothelial dysfunction, reduced vascular compliance, and
atherosclerosis (8,28-30). Christian et al. (31) showed that PCOS women had a 2-fold higher
level of coronary artery calcification than obese controls, and Talbott et al. (32) showed that
middle-aged women with PCOS had thicker carotid intima-media than controls; markers,
respectively, of subclinical coronary artery disease and risk for future events.

Inflammation

The above CVD risk factors could be the result of increased inflammation among women with
PCO or PCOS. One study found that C-Reactive Protein (CRP), an inflammatory marker that

Fertil Steril. Author manuscript; available in PMC 2011 October 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Farrell and Antoni

Page 4

has been shown to predict cardiovascular events in previously healthy women (33), was
significantly higher in women with PCOS and PCO than in controls and this difference could
not be attributed to age, BMI, waist-to-hip ratio, and lipid profile (34). Another study found
that IL-18 was higher in lean and obese PCOS participants compared to controls matched for
BMI and smoking status (35).

Psychological Problems Common in PCOS

Several studies have shown that emotional disturbances are more common in women with
PCOS than among women without PCOS. The prevalence of depression in women with PCOS
has been reported to be as high as 40% (36), and a nationwide internet survey in Germany that
included 448 women with PCOS revealed a clinical depression prevalence rate of 21% (37).
Another study revealed that 23.9% and 25.2% of women with PCOS scored in the mild to
moderate and clinically relevant ranges of depression on the Beck Depression Inventory (BDI),
respectively. In this sample, the average BDI score was 12.7, significantly higher than scores
for a representative normative sample (38). Similarly, another study found that the BDI score
among women with PCOS was significantly higher than that of controls (11.69 versus 5.80,
respectively) (39). Further, PCOS women also are more likely than non-PCOS women to suffer
from social withdrawal (40), eating disorders (40), and anxiety disorders (41), with one study
reporting that 34% of women with PCOS have clinically significant anxiety (37).

Since much research has shown that obesity and depression are positively associated in the
general population (42) and given that women with PCOS generally are more obese than non-
PCOS women, it could be hypothesized that obesity may account for emotional disturbances
in women with PCOS, as suggested in a recent review of emotional disorders and their impact
on quality of life in PCOS (43). One study that diagnosed depression based on a semi-structured
clinical interview, however, revealed that the significantly higher number of single and
recurrent major depressive episodes and suicide attempts among PCOS women versus controls
was not accounted for by BMI (40). Similarly, another study found that obese women with
PCOS had a substantially greater risk of developing depressive disorders than did obese
controls (44% versus 7%), suggesting again that women with PCOS may be at greater risk for
depression than non-PCOS women, regardless of obesity (41).

Further, it could be argued that other commaon aspects of PCQOS, such as infertility, hirsutism,
acne, and body dissatisfaction could account for emotional disturbances in women with PCOS.
Some studies have shown associations between infertility and emotional disturbances (44,
45), whereas others have not (36,38). Among these studies, Tan et al. (38) was the only one
that utilized a valid questionnaire to assess feelings related to infertility. Similarly, some studies
among both PCOS and healthy subjects have shown that hirsutism per se (46) and acne (47)
are associated with anxiety and greater psychotic symptoms; other studies, however, have not
found these characteristics to correlate with emotional distress (36,48). These studies are quite
different, as Mallon et al. (47) included male and female participants whose acne resulted from
numerous varied endocrine abnormalities. Further, the average age of the participants greatly
differed among Sonino et al. (46), Keegan et al.(48), and Kerchner et al. (36); 22, 30, and 32
years old, respectively, suggesting that younger women are more likely than older women to
become emotionally affected by their appearance. Unfortunately, PCOS emerges just as young
women become interested in dating, and body dissatisfaction may affect one's emotional
development by interfering with healthy establishment of a social and dating life (49). At this
juncture, it is not entirely clear exactly how, or if, clinical manifestations of PCOS affect
emotional disturbances. It is very important, then, to be careful not to attribute depressed mood
to clinical symptoms inherent in PCOS and to address depression regardless of clinical
symptoms.
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In summary, women with PCOS appear to be at elevated risk for depression, eating and anxiety
disorders, and suicide attempts, which cannot necessarily be accounted for by obesity or
distressing PCOS symptoms such as infertility, hirsutism, and acne.

Relationships Between Physiological and Psychological Phenomena in

PCOS

As previously discussed, women with PCOS frequently are insulin resistant, have elevated
inflammatory markers and endocrine abnormalities, and report higher rates and greater severity
of depression and other emotional disturbances than women without PCOS. Insulin resistance,
inflammation, endocrine abnormalities, and depression all appear to be related and, due to their
interrelationships and sequelae (i.e., obesity, infertility, CVD), are especially problematic
among women with PCOS. As the purpose of this paper is to propose that treatment of
psychological disturbances can alleviate or reduce physical symptoms of PCOS via not only
behavioral pathways but also physiological pathways, the following section will describe
relationships among emotional disturbances, insulin resistance, inflammation, and endocrine
abnormalities that are relevant to PCOS.

Emotional disturbances such as depression and chronic stress are associated with certain
physiological changes such as increased immune system activity and pro-inflammatory
markers, which increase one's risk for eventual development of chronic disorders such as
cardiovascular disease, diabetes, and cancer (50). Correlational studies reveal consistent,
robust associations between levels of Interleukin-6 (IL-6) and depression irrespective of the
presence of any physical disease (50,51). Some evidence suggests strong associations between
depression and other proinflammatory cytokines such as Tumor Necrosis Factor-alpha (TNF-
) and Interleukin-1p (IL-1) (52,53). Prospective studies employing pharmaceutical treatment
illustrate the relationship between mood and inflammation. For example, antidepressants have
been shown to inhibit pro-inflammatory cytokine production both in vitro and in vivo (54).
Conversely, COX-2 inhibitors, which are potent anti-inflammatory agents, have been shown
to supplement the effects of the antidepressant reboxetine in treating patients with major
depression (55), further illustrating the strong relationship between treatments directed at
reducing both inflammation and depression. Prospective studies that test whether chronic
psychological stress causes inflammation have yielded inconsistent results in humans (56),
though in animals they have demonstrated that chronic mild stress induces depression-like
syndromes and concomitant increases in proinflammatory cytokines (57).

The interactions among mood, behavior, and inflammation often manifest in a cluster of
symptoms referred to as “sickness behavior” including depressed mood, anhedonia, fatigue,
psychomotor retardation, decreased appetite, social withdrawal, sleep disturbances, cognitive
dysfunction, and increased sensitivity to pain (58,59). These symptoms generally are
exacerbated when inflammation increases. The relations among these symptoms and
inflammation are so robust that even exogenous administration of pro-inflammatory cytokines
reliably produces sickness behavior symptoms (60). Possibly due to chronically elevated
inflammatory markers, PCOS women exhibit some sickness behavior symptoms, including
fatigue, depressed mood, social withdrawal (40), and sleep disturbances.

A mechanism by which inflammation might affect mood and induce “sickness behavior” is
that cytokines have been found to spur degeneration of the blood-brain-barrier (61), thereby
allowing easy entry of inflammatory cells into and cytokine production within the central
nervous system (CNS). Once in the brain, evidence suggests that inflammatory cytokines may
affect mood by changing the levels of certain neurotransmitters which are implicated in
depression etiology; specifically, via causing a serotonin deficiency (62) and excessive and
sustained norepinephrine secretion (63). A disease model that nicely illustrates this mechanism
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is multiple sclerosis. This disorder is characterized by CNS changes that may be exacerbated
by proinflammatory cytokine perfusion of the CNS (64) and cytokine production by CNS
microglia and astrocytes (65). Not so coincidentally, multiple sclerosis is also famously
characterized by a high comorbidity of depression in humans (66) and in animal models, by
numerous symptoms of “sickness behavior” (67). Elevated pro-inflammatory cytokines and
other inflammatory markers may also explain why women with PCOS report a variety of
“sickness behavior” symptoms, including increased fatigue and a greater number and variety
of sleep disturbances compared to women without PCOS. Compared with controls, women
with PCOS are much more likely to suffer from sleep disordered breathing, report more daytime
sleepiness and fatigue (68) and report greater difficulty falling asleep, which may be due to a
greater incidence of anxiety, known to interfere with sleep onset (69). Alleviating sleep
disorders among women with PCOS might not only improve sleep quality but also alleviate
daytime fatigue and depressed mood; thereby affecting health behavior. An emerging literature
is revealing that improvement of sleep quality may also affect obesity and inflammation (70,
71), though a thorough discussion of this literature is beyond the scope of this paper.

In addition to being associated with increased inflammatory markers, it is well-documented
that depression is related to abnormal (often elevated) cortisol secretion (72). Women with
PCOS generally display cortisol secretion abnormalities regardless of mood. In one study,
emotionally healthy women with and without PCOS were administered the Stroop Color Word
Test, which causes a considerable amount of stress in healthy women (73). They found that
although women with PCOS did not differ from controls in the cognitive response to the
stressor, the Stroop test caused a rise in cortisol levels among women with PCOS that was not
observed in the control group (74). Also during the Stroop test systolic blood pressure values
were significantly higher among PCOS women versus controls, showing evidence that
sympathetic nervous system activity is more adversely affected by stress in the PCOS woman.
Another study that employed a stressful task (i.e., public speaking) similarly found no
differences between PCOS women and controls in self-reported emotional response to the task.
However, while cortisol, ACTH, and heart rate rose significantly in response to the stressor
among all participants, cortisol and heart rate rose significantly more among PCOS women
compared with controls (75). These findings were independent of whether women were
receiving the insulin sensitizer metformin, suggesting that pharmacological management alone
may not adequately treat some endocrine and cardiovascular abnormalities among women with
PCOS.

Cortisol is secreted in response to stressful stimuli in all individuals, and contributes to
increased visceral fat (76) and increased inflammation (77). This mechanism could be
especially problematic in woman with PCOS since they have more visceral fat and higher
inflammatory markers than normal women, and cortisol secretion contributes to
hyperandrogenism. Further, a very provocative study reported that lean women with a high
waist-to-hip ratio (WHR) secrete more cortisol following both novel and familiar cognitive
laboratory stressors than do lean women with a low WHR (78). These results provide evidence
that women with a high WHR, unlike those with a lower WHR, tend not to adapt even to
familiar stressors, suggesting that they are much more likely to experience elevated cortisol—
and, consequently, increased visceral fat—in response to commonly faced stressors. These
researchers speculate that maladaptive psychological characteristics such as pessimism,
negative affect, passive coping, and greater threat perception may play arole in the bidirectional
relationship between cortisol and visceral fat among women with higher WHR.

Thus, the above studies not only illustrate cortisol secretion abnormalities among women with
PCOS, but also underscore the importance of reducing stress and other maladaptive
psychological characteristics in the PCOS woman so as to reduce, as much as possible, an
elevated cortisol response and subsequent visceral fat and hyperandrogenism. Since treatment
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with metformin may not affect stress reactivity, stress reduction interventions may be important
adjunctive approaches when treating women with PCOS.

Another hormone generally elevated among women with PCOS, testosterone, may contribute
to increased sympathetic nervous system (SNS) activity. A very interesting study found that
exogenous testosterone administration among healthy young women induced cardiac
acceleration in response to images of angry faces (79). Since the majority of women with PCOS
have elevated testosterone, it is likely that women with PCOS will have an exaggerated
sympathetic nervous system response to anger and other negative affect, which may exacerbate
inflammation (80). These findings underscore the importance of stress management
interventions among PCOS women so as to reduce the adverse physiological changes which
can result from psychological stress.

Persistent negative affect and exaggerated SNS activity, then, may exist in the PCOS woman
partly due to elevated testosterone alone. The relationship between testosterone and mood,
however, is not entirely clear, as one study demonstrated that there is a curvilinear relationship
between testosterone levels and depression in women with and without PCOS such that the
most severe depression was associated with levels below and above the normal female range
of testosterone (81).

Negative affect and SNS activation may adversely affect these women by contributing to
cortisol abnormalities and chronically elevated inflammation. Normally, inflammation is
down-regulated by cortisol, but states of prolonged inflammation (likely to exist in PCOS)
result in a phenomenon known as glucocorticoid resistance. In this state, glucocorticoids are
no longer able to suppress the production of pro-inflammatory markers (82). Excess circulating
glucocorticoids resulting from glucocorticoid resistance are associated with insulin resistance
(83). Further, glucocorticoid resistance is a mechanism that may explain the well-established
relationship between insulin resistance and depression (84,85).

As previously discussed, it has been hypothesized that insulin resistance is the underlying cause
in the complicated etiology of PCOS; that depression and sleep disorders are quite common
among women with PCOS; and women with PCOS have seemingly-inherent chronic
inflammation (thereby rendering them susceptible to glucocorticoid resistance). Further,
women with PCOS display enhanced sympathetic nervous system and HPA axis activity in
response to stressors, which may contribute to increased visceral fat and subsequent
inflammation. Interrelations among these abnormalities may create a negative spiral leading
to greater insulin resistance and subsequent hyperandrogenism, exacerbating clinical
symptoms such as infertility, acne, and hirsutism, and possibly negative affect as well.

Standard Medical Care of PCOS

Current standard medical care of women with PCOS depends on the goal(s) of therapy. Often,
the primary goal is ovulation induction and eventual successful pregnancy. Secondary goals
include management of obesity and insulin resistance so as to prevent development of diabetes
and CVD. According to the most recent Consensus on Infertility Treatment related to PCOS,
counseling related to lifestyle changes (i.e., weight loss, exercise, smoking, and alcohol
consumption) should precede pharmacological interventions (86). Following lifestyle
counseling, the first-line treatment for ovulation induction is clomiphene citrate (CC); should
this fail, second-line treatment is either exogenous gonadotrophins or laparoscopic ovarian
surgery. Use of metformin as adjunctive to CC has been shown in some studies to be more
effective than CC alone (87,88), but its use as adjunctive therapy both prior to and during
pregnancy continues to be debated, and it is not yet approved by the Food and Drug
Administration for this purpose (89). The Consensus recommends that metformin use be
restricted to those who are glucose intolerant and cautions that it should not be used routinely
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for ovulation induction (86). If the objectives of treatment include management of obesity,
insulin resistance, and clinical symptoms (i.e., acne, irregular menses), metformin and/or
estrogen-progestin contraceptives generally are effective (88).

Behavioral and Psychological Interventions as Adjunctive Treatment

Weight loss

Exercise

Much empirical evidence shows that psychosocial factors are related to physiological changes
among healthy individuals and women with PCOS, often affecting fertility, and some clinicians
have asserted that attending to psychosocial health should be an aspect of managing PCOS
(89). Giallauria and colleagues agree that a more comprehensive, long-term approach should
be adopted so as to improve medical management of PCOS (90). The most recent publication
on infertility treatment guidelines among women with PCOS, however, did not address
psychosocial problems, even in the context of achieving weight loss (86). Further, treatment
of psychosocial factors is not discussed on frequently accessed public websites such as
mayoclinic.com or patient.co.uk (91,92). It appears, then, despite mounting evidence that
improving one's lifestyle and psychological well-being can improve several physiological
parameters, guidelines related to lifestyle and psychological well-being in women with PCOS
do not yet pervade private and public sectors. Evidence supporting suggestions for behavioral
and psychological interventions as adjunctive treatment are discussed below.

Current treatment guidelines do indeed emphasize that weight loss is a crucial aspect of treating
PCOS, not only to help induce ovulation and eventual pregnancy but also to reduce the
possibility of developing chronic diseases associated with obesity that are prevalent in PCOS
(i.e., diabetes, CVD) (89). Weight loss may indirectly affect mood as well, as even a small
(i.e., 2% to 5%) reduction in weight greatly improves metabolic and menstrual cycle
abnormalities (93,94) and significantly reduces visceral fat mass (95). Such changes may
reduce inflammation, which is associated with mood. Women who have lost weight in short-
term weight loss studies show decreased abdominal fat, fewer symptoms of hyperandrogenism,
decreased insulin resistance, decreased serum insulin levels, improved lipid profiles, and
improvements in menstrual cycle regularity (89). Weight loss increases SHBG concentration,
thus reducing bioavailable testosterone levels and some PCOS symptoms (96).

Even in the absence of significant weight loss, regular exercise appears to engender
improvements in ovulation rate and likelihood of pregnancy; the primary goals of PCOS
management. In one study, a 6-month lifestyle program intervention including both diet and
exercise counseling restored normal menstrual cycles in 60% of anovulatory women with
PCOS (97). Interestingly, in this study, despite no significant change in BMI, participants
whose cycles resumed after the intervention achieved a 71% improvement in insulin sensitivity,
while insulin resistance did not improve in those participants who remained anovulatory
following the intervention. There also is evidence that exercise alone (without concurrent
changes in other lifestyle behaviors) improves these primary clinical goals. For example,
menstrual frequency and ovulation rate improved significantly more in a group of PCOS
women following a 24-week exercise intervention compared with those in a diet intervention
group (98). Similarly to the previous study, insulin resistance decreased significantly more in
the group for whom ovulation resumed compared to those who remained anovulatory following
the intervention. Additionally in this study, insulin resistance improved significantly more in
the exercise group compared with the diet group, but only among those for whom ovulation
resumed. This change in insulin resistance was not accounted for by BMI, as BMI actually
reduced significantly more in the diet group than the exercise group. Other studies show
improvements in insulin resistance following exercise training in the absence of significant
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weight loss. For example, one recent study including women with PCOS reported that insulin
resistance marginally significantly improved following a moderate-intensity 8- to 12-week
exercise training intervention even though BMI did not change significantly (99).

Taking together the results of the above studies, researchers assert that improvements in insulin
resistance alone pave the path toward the improved fertility observed in these studies. Exercise
is related not only to overall weight loss but also, and more importantly, to visceral fat reduction
even if weight loss is modest, thereby greatly affecting insulin resistance and other biological
parameters since visceral fat is more metabolically active than subcutaneous fat. Further,
increased exercise may improve insulin resistance via increased muscle mass, as muscle
contractions stimulate glucose uptake in the absence of insulin (100). This mechanism is
illustrated by a study that induced PCOS in rats and randomly assigned them to control and
exercise groups (consisting of 4 to 5 weeks of free access to a wheel) and found that those in
the exercise condition had significantly lower insulin resistance than the PCOS controls
(102). Interestingly, the soleus muscle weight, relative to overall body weight, was higher in
the PCOS exercise rats compared with the PCOS controls. One can speculate that this relative
increase in muscle mass and subsequent increase in muscle contractions plays a role in the
insulin resistance improvement observed in this study following the exercise intervention.

Given the established relationship between insulin resistance and hyperandrogenism, one
might expect commensurate improvements in androgen levels in the above studies.
Surprisingly, in one of the studies, none of total or free testosterone or SHBG levels differed
between the group of women whose ovulation resumed and those who remained anovulatory
(99). In another study, however, total and free testosterone were significantly reduced among
those whose ovulation resumed versus the anovulatory participants, and percent free
testosterone reduced significantly more in the exercise group than the diet group, suggesting
that the insulin resistance improvements in the exercise group may be related to reduced free
testosterone (98). At this juncture, given these conflicting results, the nature and strength of a
relationship among androgens, fertility, and insulin resistance is unclear. Also unclear is the
effect of reduced androgen levels on its clinical manifestations. Interestingly, even when
testosterone decreased, hirsutism did not change significantly, regardless of ovulation status
or type of intervention (i.e., exercise or diet) (98), suggesting that neither androgen levels nor
insulin resistance is related to this particular clinical manifestation of hyperandrogenism. Also
noteworthy is the finding that neither the diet nor exercise intervention affected any parameter
(i.e., anthropometric, hormonal, or metabolic) for those who remained anovulatory (98),
suggesting that advantageous changes in body composition, androgen levels, and/or metabolic
profile are necessary in order to achieve ovulation in initially anovulatory women with PCOS.

Exercise also improves inflammatory profiles independently of improvements in obesity
indices. Broadly among the general population, a large-scale study of over 700 healthy men
(The Aerobics Center Longitudinal Study) reported a significant inverse relationship between
CRP and fitness level, which was assessed by a maximal exercise test on a treadmill (102).
This relationship was independent of BMI, percent body fat, and waist circumference. Another
study including patients with stable coronary artery disease revealed significantly reduced CRP
levels (by 48%) after a 12-week exercise training program in the absence of a significant BMI
reduction (103). Among women with PCOS, exercise training also appears to reduce
inflammation. Following a 3-month moderate-intensity exercise program, the average CRP
level in the exercise group was significantly lower than that in the control group (104). In this
study, though, the exercise group also showed improvements in BMI, waist-to-hip ratio, and
insulin resistance, so one cannot be sure that exercise per se influenced CRP. One study
providing evidence for a more direct, robust effect of exercise on inflammation revealed that
IL-6 gene expression in mesenteric adipose tissue was down-regulated following 4 to 5 weeks
of free access to a wheel among PCOS-induced rats compared to the PCOS-induced control
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rats, but it was not reported if other changes after exercise (i.e., reduced body weight, reduced
fat depots) were related to this finding (101).

Regarding psychological parameters, regular exercise appears to improve body image
independently of weight loss. In one study, previously non-exercising women with PCOS
endorsed significantly fewer body dysmorphic symptoms after six months of self-reported
regular (i.e., 3 days a week) moderate exercise compared to their baseline body dysmorphic
symptomatology (105). This study provides evidence that exercise may contribute to improved
psychological functioning directly, and not simply via established physiological improvements
(i.e., weight loss, fertility).

In conclusion, though the effect of exercise on androgen levels and clinical manifestations of
hyperandrogenism (i.e., hirsutism)is unclear at this time, several studies suggest that regular
physical activity, irrespective of anthropometric changes, improves insulin sensitivity, body
image, and the PCOS management primary goal endpoints of increased ovulation and fertility
rates. Given these and other benefits of exercise, fostering an interest in exercise during
childhood may be especially important and effective in reducing the likelihood of PCOS
emergence. To this end, fortunately it appears that young girls who are predisposed to develop
PCOS are more likely than other girls to participate in less traditionally-feminine behaviors,
which may include physical activity. In fact, one study reported that women with PCOS
retrospectively endorsed interest and engagement in significantly more masculine behaviors
(i.e., preferring more masculine toys and games, having a higher activity level than other girls)
during their childhood than women without PCOS (106). This study's finding should be
interpreted as an encouraging sign that a young girl's demonstration of an early interest in
masculine behaviors could be fostered, with hope that interest in these behaviors (especially
physical activity) might be maintained throughout adulthood, thereby reducing the probability
that she will develop PCOS.

Diet changes

Changes in diet may also affect physiological parameters and mood, even in the absence of
weight loss or exercise. In one study (107), women with PCOS who were randomly assigned
to adhere to a low-carbohydrate high-protein diet for 16 weeks showed significant
improvements in depression and self-esteem, whereas there were no such changes in the group
randomly assigned to consume a high-carbohydrate low-protein diet. The groups did not differ
in weight loss or BMI reduction. A possible physiological explanation for these findings is that
dietary protein enriched in tryptophan might increase brain serotonin, thereby enhancing
coping skills and subsequent mood (108).

The results from the studies showing improvements in mood due to both weight loss and eating
a high-protein low-carbohydrate diet are echoed in in vitro studies which suggest that pro-
inflammatory marker secretion could be greater in PCOS versus non-PCOS women following
a high-carbohydrate meal. For example, Gonzalez, Rote, Minium, and Kirwan showed that
TNF-a release from mononuclear cells (MNC) under euglycemic conditions (5 mM) did not
differ between PCOS women and controls (109). However, when MNC were exposed to a 10
mM glucose concentration (which is similar to a postprandial state), the change in TNF-a
release in PCOS women increased significantly compared with that of controls. Further, these
researchers showed that both lean and obese women with PCOS had a significantly greater
percent change in reactive oxygen species (ROS) generation from MNC after induced
hyperglycemia than did lean controls (110). Testosterone was positively correlated with the
percent change in ROS generation from MNC for all groups, suggesting that testosterone and
inflammation are related. These data also show that hyperglycemia stimulates ROS generation
from MNC of women with PCOS independent of obesity, as lean women with PCOS exhibited
greater ROS generation from MNC than lean controls. Results from the above studies suggest
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that hyperglycemia (perhaps from eating carbohydrates) is inherently disadvantageous with
regard to inflammation among women with PCOS compared with controls and diet potentially
may affect mood via inflammation.

In summary, lifestyle changes (i.e., weight loss, exercise, diet) can significantly improve
several physiological indices of women with PCOS, including visceral fat, inflammation,
insulin resistance and—most importantly—ovulation rate. Lifestyle changes and
psychological health appear to have a bidirectional relationship in that individuals who are
more psychologically healthy are more likely to maintain a healthy lifestyle and optimal self-
care (111-114), and lifestyle changes may contribute to a positive mood.

Stress and Mood Management

Conclusions

Women with PCOS are likely to exhibit exaggerated SNS responses and HPA-axis
abnormalities to negative stimuli, suggesting that teaching them techniques to better manage
stressors may offer benefits. In addition to improving mood and decreasing stress, cognitive
behavioral approaches, including stress management interventions, appear in other populations
to be capable of normalizing HPA axis regulation (115-117) as well as lowering SNS activity
(118). As such, technigues such as relaxation and cognitive behavioral therapy directed at better
managing stress may be used to address the cortisol secretion abnormalities often present in
PCOS women, especially since standard treatment with metformin does not appear to affect
physiological responses to stress (75). If so, stress management approaches may also have the
secondary effects of reducing hyperandrogenism, as has been demonstrated in women with
other conditions (119). Very little research has employed cognitive behavioral therapy (CBT)
or other psychological interventions among women with PCOS. The only such study published
to date is a pilot study conducted among adolescents with PCOS (120). In this study, an 8-
week CBT intervention resulted in significant decreases in weight and depressive symptoms
and significant improvements in menstrual regularity and sleep-related breathing. Much more
research investigating the effectiveness of CBT interventions among this population is needed,
but this small study provides some evidence that these approaches are promising.

Among the general population, CBT interventions have helped individuals achieve changes
such as reductions in BMI, percent fat, waist circumference, lipids, and caloric intake (121-
123). Given the well-known challenge of achieving significant weight loss, especially among
those who are insulin resistant, CBT interventions might be particularly salient to employ
among women with PCOS.

In deciding between pursuing a pharmacologic versus a psychological intervention approach
to managing PCOS a very reasonable question is: Why support a psychological intervention
in lieu of a pharmacological intervention, such as prescribing metformin to women with PCOS?
In fact, a study demonstrated that participants with PCOS who adhered to metformin for 6
months showed improvements in several psychiatric and physiological parameters (124). Thus,
it could be argued that simply prescribing metformin or some other medication may alleviate
many PCOS symptoms. The present review argues in favor of addressing psychological
problems via behavioral and mental health interventions since they not only improve mood,
but increase the probability that one will adopt a healthier lifestyle and reduce physiological
abnormalities (i.e., inflammation, hyperandrogenism) that lead to various disorders (i.e., CVD,
diabetes, infertility). Further, addressing depression and other mood disorders via
psychotherapy versus pharmacology is potentially more cost-effective and longer-lasting
(125-127). Treatment of PCOS, then, should include behavioral and psychological
interventions as adjunctive to standard medical care. (See the Figure for an illustration of the
interrelationships of several physiological and psychological characteristics described in detail
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in this review, along with suggested possible pharmaceutical, psychological, and behavioral
interventions.) It is very likely that clinicians already employ behavioral and psychological
interventions (e.g., smoking cessation advice, addressing barriers to adherence, brief
assessment of mood) in the absence of established guidelines. Research protocols could help
establish whether these interventions are indeed effective in managing this chronic disorder.
Given the evidence supporting relationships among physiological and psychological
characteristics common in PCOS, and the existence of behavioral and/or psychological
intervention approaches that result in improved metabolic, anthropometric, and reproductive
parameters, some aims for future research might include the following:

* Investigate whether improvement in sleep quality—specifically, reduction in sleep
apnea—among women with PCOS reduces not only physiological abnormalities such
as visceral fat and inflammation but also improves other characteristics such as mood
and ovulation rate.

»  Examine whether stress management and lifestyle change among PCOS women
affects stress physiology (blood pressure, heart rate, HPA axis [i.e., cortisol] reaction
to lab stressors), metabolic (weight, visceral fat, insulin resistance), immunologic
(inflammatory markers), and clinical features of hyperandrogenism (i.e., acne,
hirsutism).

»  Since muscle contractions stimulate glucose uptake in the absence of insulin and
increased soleus muscle mass may reduce insulin resistance, future work should test
whether strength training exercise increases muscle mass and reduces insulin
resistance in young women with PCOS.

»  Elucidate the behavioral and interpersonal goals that might motivate an adolescent
who is newly diagnosed with PCOS to improve her lifestyle to achieve weight loss
(via exercise and/or diet).

PCOS is a common and chronic endocrine disorder characterized by hyperandrogenism,
menstrual cycle abnormalities, and polycystic ovaries. It is a common cause of infertility and
pregnancy complications. Development of PCOS appears to be spurred by a chronic state of
insulin resistance interacting with HPA axis and ovarian abnormalities that are likely
“programmed' to be dysfunctional very early in life. Increased insulin resistance is associated
with decreased SHBG, which then results in increased bioavailable testosterone. Increased
testosterone causes infertility and increased acne, alopecia, and hirsutism, and it also appears
to be associated with an increased inflammatory state, mood disorders, and obesity.

Women with PCOS also tend to exhibit central obesity and increased visceral fat compared
with non-PCOS women matched for BMI. This phenomenon could be due to an HPA axis
defect such that women with PCOS have increased or abnormal cortisol responses to physical
and psychological stressors which cannot be explained by percent body fat, BMI, waist-to-hip
ratio, fasting insulin, or androgen levels. Central obesity alone does not fully explain the
presence of insulin resistance or inflammation, as even lean women with PCOS show evidence
of insulin resistance and increased inflammatory markers, suggesting that these maladaptive
physiological states are inherent among women with PCOS.

Embarrassing PCOS symptoms such as acne, hirsutism, and central obesity emerge during
adolescence and significantly affect the well-being and mental health of the young woman
during a phase in life in which she is expanding her social network and beginning to date.
PCOS alone and possibly emergence of its symptoms set the stage for development of
emotional disturbances such as depression and social phobia. These emotional difficulties may,
inturn, exacerbate already-existing obesity and other maladaptive physiological characteristics
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(i.e., inflammation, HPA axis abnormalities, hyperandrogenism) via behavioral pathways (i.e.,
increased consumption of carbohydrates, smoking, reduced exercise) and physiological
pathways, as previously discussed.

This review presented the evidence supporting the robust relationships among numerous
physiological and psychological processes and physical and emotional symptoms in women
with PCOS. It is argued herein that addressing and attempting to alleviate emotional
disturbances might result in improved physiological processes with the result of improving
insulin resistance, HPA axis functioning, obesity, and hyperandrogenism. Subsequently, via
the psychological-physiological pathways described, hyperandrogenemic symptoms of PCOS
might be alleviated, and the incidence and exacerbation of PCOS and its symptoms, especially
among adolescents, could be reduced.

Capsule

Physiological and psychological abnormalities common in women with PCOS are strongly
inter-related. These relations suggest that medical management of PCOS would benefit
greatly from inclusion of psychological and/or behavioral approaches.
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Figure.

Proposed model of interrelationships among physiological and psychological characteristics
in women with PCOS and how various pharmaceutical, psychological, and behavioral

interventions might impact physiological and psychological abnormalities. In the Figure, the
physiological and psychological characteristics common among PCOS women are represented
by rectangles, and their direct relations are represented by arrows. Suggested interventions are

enclosed in ovals, their dashed arrows indicating which physiological and/or psychological
abnormalities they might directly impact.
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