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Objective: To characterize cognitive performance in relation to hormonal and metabolic factors in women with polycystic ovary syndrome (PCOS).
Design: Cross-sectional study.
Setting: Tertiary university center.
Patient(s): A total of 48 individuals, aged 21–46 years, with PCOS according to the Rotterdam criteria.
Intervention(s): Complete history and physical examinations, endovaginal ultrasounds, dermatologic assessments, neuropsychological assessments, and metabolic and hormonal serum tests.
Main Outcome Measure(s): Sample-based z-scores on a comprehensive cognitive test battery.
Result(s): Subjects were deﬁned as having an androgenic (n ¼ 31) or a nonandrogenic (n ¼ 17) PCOS phenotype. Compared with their
nonandrogenized counterparts, subjects with hyperandrogenism demonstrated lower relative performance on the tests of executive
function (b-coefﬁcient for the executive function composite z-score, 0.44; 95% conﬁdence interval, 0.79 to 0.09), despite similar
performance on the tests of memory, verbal reasoning, and perceptual reasoning. These differences were independent of age, years of
education, and obesity. In an exploratory analysis in which subjects were stratiﬁed by the presence of insulin resistance (IR), subjects
with PCOS with both IR and hyperandrogenism showed the lowest performance on a composite score of executive function, followed by
those with hyperandrogenism alone.
Conclusion(s): In this small study, subjects with hyperandrogenic PCOS demonstrated lower performance on the tests of executive
function than subjects with nonandrogenic PCOS. Additional research is needed to conﬁrm these ﬁndings in larger cohorts and investigate the role of modiﬁable factors, including IR, on cognitive outcomes. (Fertil Steril RepÒ 2022;-:-–-. Ó2022 by American Society for Reproductive Medicine.)
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P

olycystic
ovary
syndrome
(PCOS) is the most common endocrinopathy in females, diagnosed in up to 8% of women.
Although deﬁned by the presence of

oligomenorrhea, hyperandrogenism,
and/or polycystic ovaries (PCOs), Polycystic ovary syndrome also has
metabolic manifestations, particularly
intrinsic insulin resistance (IR), which

occurs in up to 70% of patients (1, 2).
In studies of non-PCOS populations, it
is increasingly clear that a nexus exists
between IR and neuropsychological
outcomes, such as cognition perfor-
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mance, cognitive aging, and depression (3–10). The
underlying mechanisms are likely complex and may relate
to altered insulin signaling in the brain and/or factors that
are associated with systemic IR, such as inﬂammation (11).
Similarly, the gonadal hormone levels can impact cognitive
function and mood, although the role played by female
hyperandrogenism in relation to these outcomes has not
been well described (12, 13).
Given that PCOS is deﬁned by perturbations in both insulin sensitivity and gonadal hormone production, it is surprising that the relationship between PCOS and
neuropsychological outcomes has only recently begun to be
explored. In the last decade, several investigations have suggested that depression is increased in PCOS, and we and other
investigators have uncovered associations between metabolic
and hormonal markers and mood symptoms in this population (14–19). There have been fewer studies of cognitive
function, although 2 recent pilot studies in PCOS described
subtle decrements in cognitive performance as well as
differences in brain imaging measures (20, 21). These
investigations raised the question of whether discrete PCOS
features, many of which are modiﬁable, may contribute to
decrements in cognitive performance in particular domains.
Because cognitive performance deﬁcits can impact the
quality of life and professional attainment and may foretell
adverse cognitive aging, there is a clear need for additional
studies that better deﬁne neuropsychological outcomes in
PCOS. Accordingly, the present study was designed to
characterize cognitive performance in a sample of wellcharacterized subjects with PCOS and test the hypothesis
that performance in speciﬁc domains would differ between
individuals with hyperandrogenic PCOS relative and those
with a nonandrogenic PCOS phenotype.

MATERIALS AND METHODS
The study was approved by the University of California San
Francisco (UCSF) Institutional Review Board. Written
informed consent was obtained before initiating study
procedures.

Subjects
Study participation was offered to sequential individuals who
sought an evaluation at a multidisciplinary clinic for PCOS
between October 2017 and December 2018 (22). Evaluations
were conducted according to a standard protocol described
previously (23). Study inclusion required a diagnosis of
PCOS by Rotterdam, deﬁned by 2 of the following 3 parameters: hyperandrogenism, deﬁned by either serum androgen
levels above the normal range on screening laboratories
and/or clinically signiﬁcant hirsutism (modiﬁed FerrimanGallwey [mFG] score of R8); oligomenorrhea, deﬁned as
<8 cycles per year; and PCOs, deﬁned as >12 follicles or a
volume of >10 mL in an ovary. The mFG scores were determined by an examination by a board-certiﬁed dermatologist.
The ovarian follicle criteria (>12) represent the guidance at
the time of study launch (2017), before publication of the
2018 International Guidelines for PCOS recommending a
higher threshold for follicle number (>20) (24). All subjects
2

had discontinued hormone-suppressive medications at the
time of initial PCOS evaluation, including oral contraceptives
and spironolactone; however, some subjects had reinitiated
medications at the time of the neuropsychological testing.
Within the larger Rotterdam PCOS group, we further identiﬁed those with a hyperandrogenic PCOS phenotype (National
Institutes of Health PCOS), deﬁned as the presence of both
oligo-ovulation and hyperandrogenism (n ¼ 35) (25). The
subjects who met the PCOS criteria only on the basis of oligomenorrhea and PCOs were designated as having PCOS
without hyperandrogenism (n ¼ 13). The exclusion criteria
included age of <21 or >49 years, menopausal status, nonEnglish ﬂuency, pregnancy, breastfeeding, and/or history of
organic brain injury.

Evaluations
The subjects completed standardized questionnaires to collect
detailed demographic and medical history information.
Because the study procedures may have occurred several
months after the initial PCOS evaluation, some subjects had
resumed oral contraceptives at the time of neuropsychological and physiologic testing.

Neuropsychological Testing
All subjects completed a thorough and standardized neuropsychological battery. Test administration and scoring
were performed by trained personnel at the Center for
Reproductive Health at the UCSF. Verbal reasoning and
perceptual reasoning were measured using the Wechsler
Adult Intelligence Scale (WAIS) (26). Memory was
measured using the California Verbal Learning Trials
long delay recall test (27). Processing speed was
measured by WAIS symbol search. For an assessment
of executive functions, we evaluated cognitive control,
generativity, and working memory. In particular, the
Delis-Kaplan Executive Function System was used to
assess cognitive control (Stroop and Trail Making Tests)
and generativity (Design and Verbal Fluency Test) (28).
The WAIS Digit Span Test and Wechsler Memory Scale
Symbol Span Test were used to assess working memory
(29). Sample-based z-scores were calculated for cognitive
outcomes. The Beck Depression Inventory, Second Edition, was self-administered to measure symptoms of
depression, with a Beck Depression Inventory score of
R20 considered as the threshold for moderate to severe
symptoms (30).

Physiologic Testing
The subjects also underwent morphometric and vital sign assessments and completed a 75-g glucose challenge with
serum testing at baseline (fasting) and 30, 60, 90, and 120 minutes after challenge. Fasting samples were used to analyze
additional hormonal and metabolic measures. The serum lipid
and thyroid-stimulating hormone levels were measured on
the day of sampling at Quest using nonfrozen specimens.
Additional samples were processed and frozen on site. Hormonal and metabolic serum levels were measured in batch
VOL. - NO. - / - 2022

Fertil Steril Rep®

TABLE 1
Subject characteristics.
Characteristics

PCOS with hyperandrogenism (n [ 35)

PCOS without hyperandrogenism (n [ 13)

P

30.3 (5.9)
16.2 (1.8)

32.3 (4.3)
17.4 (1.0)

.33
.03

54.3%
17.1%
5.7%
22.9%

76.9%
7.7%
7.7%
7.7%

.46

18.2%
81.8%

15.4%
84.6%

.81

32.6 (9.8)
97.4 (23.88)
120.8 (11.84)
70.1 (11.09)

31.5 (10.4)
91.5 (17.6)
114.0 (10.7)
69.1 (7.8)

.58
.26
.04
.98

12.73 (4.59)
38.7 (24.2)
43.5 (6.9)
3.9 (2.4)
9.5 (4.2)
120.1 (6.0)

5.15 (2.8)
20.8 (8.8)
50.1 (4.6)
1.6 (0.9)
10.0 (1.1)
106.1 (7.2)

< .0001
.05
.56
.01
.3
.21

88.92 (10.3)
17.59 (16.5)
122.37 (35.5)
4.2 (4.3)
15%
5.53 (6.1)
189.81 (28.4)
116.85 (68.4)
4.8 (4.6)
1.41 (0.6)

83.82 (5.5)
8.46 (8.1)
110.3 (30.2)
1.82 (1.9)
40%
6.82 (4.9)
182.85 (41.4)
85.92 (64.0)
3.6 (4.2)
1.7 (0.8)

.15
.08
.38
.06
.10
.09
.30
.05
.40
.26

16.1 (11.2)

14.1 (9.5)

.71

65.7%
34.3%

69.2%
30.8%

.80

38%
15%

36%
12%

.51
.52

Age, y
Education, y
Ethnicity
White Non-Hispanic
Black
Asian
White Hispanic
English ﬁrst language
No
Yes
Vital signs
BMI, kg/m2
Waist, inches
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Reproductive measures
mFG (hirsutism) score
Total testosterone, (ng/dL)
Sex hormone binding globulin, nmol/L
Free androgen index
€llerian hormone, ng/mL
Antimu
Estradiol, pg/mL
Metabolic measures
Fasting glucose, mg/dL
Fasting insulin, mIU/L
Two-hour glucose, mg/dL
HOMA-IR
Abnormal HOMA-IR (>2.1)
Matsuda index
Cholesterol, mg/dL
Triglycerides, mg/dL
High-sensitivity C-reactive protein, mg/L
TSH, mIU/L
Psychological measures
Depression score
Moderate or severe depression
No
Yes
Current medications
Oral contraceptives
Metformin

Note: Data are presented as means (standard deviation) for continuous variables and compared with Student’s t-test or the Mann-Whitney U test as appropriate. Categorical variables were
compared using the c2test. Depression score was measured using the Beck Depression Index, with moderate to severe depression indicated by a score of R20. The mean values for testosterone,
sex hormone binding globulin, free androgen index, and estradiol exclude subjects on oral contraceptives (n ¼ 17) at the time of serum sampling. BMI ¼ body mass index; HOMA-IR ¼ Homeostatic
Model Assessment for Insulin Resistance; mFG ¼ modiﬁed Ferriman-Gallwey; PCOS ¼ polycystic ovary syndrome; TSH ¼ thyroid-stimulating hormone.
Huddleston. Cognitive function in PCOS. Fertil Steril Rep 2022.

analysis at the University of Virginia Ligand Assay and Analysis Core Laboratory at completion of the study. Five percent
of all samples were run in duplicate for quality control. Methodology and performance characteristics for all University of
Virginia Ligand assays are available online (31). The glucose
level after an oral glucose tolerance test was used to calculate
the Matsuda insulin sensitivity index (32, 33).

Statistical Analyses
Subject characteristics are presented as means  standard deviation (SD) for continuous variables and were compared using Student’s t-test or the Mann-Whitney U test as
appropriate. Categorical variables were compared using the
VOL. - NO. - / - 2022

chi-square test. Cognitive test scores were analyzed as
sample-based z-scores, calculated by subtracting each participant’s score from the sample mean and dividing by the SD.
An executive function composite score was generated as the
mean of all z-scores for the 6 executive function tests. The
linear regression models tested the effect of group (PCOS
with hyperandrogenism vs. PCOS without hyperandrogenism) on cognitive test z-scores, controlling for age, years of
education, and race/ethnicity. For exploratory analyses, we
constructed regression models testing the effect of PCOS
group on executive function composite z-score, incorporating
covariates identiﬁed a priori as having potential to effect
cognitive testing results, including body mass index (BMI),
IR, depression, and medication usage at the time of cognitive
3
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TABLE 2
Associations between the PCOS group and cognitive test z-scores.
Domain
Verbal reasoning
Perceptual reasoning
Memory
Processing speed
Executive function
Cognitive control
Generativity
Working memory

Test
WAIS vocabulary
WAIS matrix
CVLT long delay recall
WAIS symbol search
DKEFS Trail Making B
DKEFS Stroop Interference Test
DKEFS Design Fluency
DKEFS Verbal Fluency
WAIS Digit Span Backward
WMS IV Symbol Span (visual)

Composite executive function

Coefﬁcient (95% CI)

P

0.43 (1.08 to 0.22)
0.41 (1.08 to 0.26)
0.02 (0.65 to 0.70)
0.55 (1.7 to 0.07)

.19
.22
.94
.08

0.64 (1.27 to 0.0)
0.53 (1.2 to 0.14)
0.39 (0.99 to 0.21)
0.62 (1.2 to 0.2)
.75 (1.46 to 0.02)
0.18 (0.79 to 0.43)
0.44 (0.79 to 0.09)

.05
.12
.20
.04
.04
.56
.016

Note: The models tested the effect of PCOS with hyperandrogenism compared with PCOS without hyperandrogenism, controlling for age, years of education, and race/ethnicity. Composite executive function was the mean of z-scores for all 6 executive function tests. CI ¼ conﬁdence interval; CVLT ¼ California Verbal Learning Trials; DKEFS ¼ Delis-Kaplan Executive Function System;
WAIS ¼ Wechsler Adult Intelligence Scale, Fourth Edition; WMS ¼ Wechsler Memory Scale, Fourth Edition.
Huddleston. Cognitive function in PCOS. Fertil Steril Rep 2022.

testing (oral contraceptives and/or metformin). All data were
stored in a Research Electronic Data Capture database and
analyzed using Stata 14 (StataCorp, College Station, TX).

RESULTS
Subject Characteristics
Forty-eight subjects between the ages of 21 and 46 years with
PCOS deﬁned by the Rotterdam criteria participated in the
study. The mean (SD) age and BMI for all subjects were 31.0
 5.6 years and 32.3  9.9 kg/m2, respectively. All subjects
had private health insurance. The mean year of education
was 16.6  1.7. Subjects were stratiﬁed according to the presence or absence hyperandrogenism. Thirty-ﬁve subjects were
deﬁned as having PCOS with hyperandrogenism, whereas 13
were deﬁned as having PCOS without hyperandrogenism.
Group characteristics are shown in Table 1. Compared with
subjects with PCOS without hyperandrogenism, those with
PCOS with hyperandrogenism had slightly fewer years of education (mean, 17.3 vs. 16.2 years; P ¼ .03) and higher triglyceride levels. By design, PCOS with hyperandrogenism
demonstrated higher testosterone levels and mFG scores.

Differences in Cognitive Function Between PCOS
with Hyperandrogenism and PCOS Without
Hyperandrogenism
To compare the effects of the PCOS group on cognitive function, we performed the linear regression models treating
cognitive test z-scores as continuous outcomes, controlling
for age, years of education, and race/ethnicity. The results
are shown in Table 2. We observed no differences in the tests
of verbal reasoning, perceptual reasoning, processing speed,
and memory, indicators of premorbid intelligence quotient.
However, within the executive function domain, we found
that PCOS with hyperandrogenism was independently associated with decreased performance on the tests of cognitive
control, generativity, and working memory as well as on an
executive function composite z-score, which incorporated
4

all 6 executive function tests (b-coefﬁcient, 0.44; 95% conﬁdence interval, 0.79 to 0.09; P ¼ .016).
We next constructed regression models testing the effect
of the PCOS group on executive function composite z-score,
incorporating covariates identiﬁed a priori as having the potential to impact cognitive testing results, including BMI, IR,
depression, and medication usage at the time of testing (oral
contraceptives and/or metformin) (Table 3). In all models,
the signiﬁcance of the effect of PCOS with hyperandrogenism
on an executive function composite z-score was maintained
(b-coefﬁcient for the fully adjusted model, 0.41; 95% conﬁdence interval, 0.74 to 0.08; P¼ .016). Of the covariates
considered, only metformin usage was also associated with
a signiﬁcant negative effect.
To explore the role of IR on group outcomes, we stratiﬁed
by presence or absence of clinically signiﬁcant IR (Homeostatic Model Assessment for Insulin Resistance score of
>2.1). Considering subjects with PCOS without hyperandrogenism and without IR as the reference group, we found
that hyperandrogenic subjects with PCOS both with (n ¼
18) and without (n ¼ 17) IR had lower executive function
composite z-scores, with the lowest scores for those with IR
(nonparametric test for trend P¼ .001) (Fig. 1A). We also
investigated the potential linear relationships between IR
and executive function outcomes. On an exemplar test of
cognitive control (Trail Making B), we found evidence of a
linear relationship between insulin sensitivity (log Matsuda
insulin sensitivity index) and cognitive control performance,
controlling for age, years of education, and ethnicity (Fig. 1B).

DISCUSSION
In this study, we found that a group of individuals with hyperandrogenic PCOS demonstrated similar performance on the
tests of memory and reasoning compared with a control group
of individuals with nonandrogenic PCOS, suggesting similar
premorbid intelligence quotient. In contrast, we found significantly lower performance on tests within the executive function domain, such as cognitive control, for those with the
VOL. - NO. - / - 2022
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TABLE 3
Associations between the characteristics and an executive function
composite z-score.
b-coefﬁcients
Variable
PCOS with
hyperandrogenism vs.
PCOS without
hyperandrogenism
Age
Education
BMI (kg/m2)
Insulin resistance
Depression
Metformin use
Oral contraceptive use

Model 1

Model 2 Model 3

0.439 to 0.440 0.391a 0.410a

0.004
0.046

0.004 0.002
0.049
0.057
0.005 0.005
0.039 0.014
0.002
0.418a
0.010

Note: The executive function z-score was inclusive of all 6 executive function tests. Model 1,
PCOS group, age, years of education, and ethnicity/race. Model 2, all variables from model 1,
insulin sensitivity index (log of Matsuda insulin sensitivity index), and BMI (continuous).
Model 3, all variables from model 2, depression symptom score (Beck Depression Inventory,
Second Edition), and current use of metformin and/or oral contraceptive (categorical). In all
models, PCOS with hyperandrogenism vs. without hyperandrogenism demonstrated a signiﬁcant negative effect on executive function z-score (P< .01). BMI ¼ body mass index;
PCOS ¼ polycystic ovary syndrome.
a
P < .05.
Huddleston. Cognitive function in PCOS. Fertil Steril Rep 2022.

hyperandrogenic phenotype. Executive functions encompass
a broad set of cognitive processes that are needed to select and
monitor behaviors in pursuit of a goal. Deﬁcits in executive
functioning can impair one’s ability to organize tasks and
control behaviors, leading to challenges in both personal
and occupational realms (34). The observed relationship between hyperandrogenic PCOS and executive function performance was independent of demographic factors and mood
symptoms, suggesting that the endophenotypic features of
PCOS could impact cognitive processes.
An emerging body of work has identiﬁed brain health as
an area of concern for individuals with PCOS. In the psychological domain, a heightened risk of depression and anxiety in
PCOS has been well established (14, 16). However, whether individuals with PCOS have differences in cognitive functioning has been only minimally investigated. Indeed, our
report adds to a small body of emerging work on cognitive
health in this population. In 2007, Schattman et al. (35) found
a lower score on the tests of verbal ﬂuency, verbal memory,
and manual dexterity in a group of subjects with PCOS (n ¼
29) than that in age-matched controls. More recently, several
small studies have suggested differences in cognitive performance and brain imaging ﬁndings in PCOS (20, 21, 36). We
sought to both extend these investigations and investigate
potential endophenotypic correlates of cognitive outcomes.
Our ﬁnding of lower cognitive performance in the executive
function domain for those with a classic, androgenic PCOS
than for those with nonandrogenic PCOS begins to delineate
a potential role for hyperandrogenism in mediating cognitive
functions in this population.
Currently, little is known about how hyperandrogenism
may inﬂuence cognition in reproductive-age women. The
sexual differentiation of the brain is programmed by sex steroid secretion at various periods during development. This
VOL. - NO. - / - 2022

programming is thought to result in subtle differences in
particular cognitive domains, such as increased spatial
awareness in males and increased verbal functions in females
(13, 37). It is possible that our ﬁnding of lower verbal ﬂuency
in those with hyperandrogenic PCOS is reﬂective of the inﬂuence of increased androgens during development, either in
utero or at puberty. However, we also observed differences
in cognitive control and working memory, which had not
been shown to be sexually differentiated, suggesting that
other factors correlated with hyperandrogenism may actually
underlie these observations (38).
We also found evidence that IR may serve as a determinant
of executive function performance in PCOS. This ﬁnding was
not entirely surprising because IR has been linked to poor executive functioning in younger populations and predicts adverse
neurobehavioral outcomes with aging (3–10, 39–42). Although
the mechanisms are unclear, recent work has focused on altered
insulin signaling in the brain (central IR), wherein insulin
receptors in key brain areas may be resistant to the actions of
insulin (11, 43). Additionally, factors associated with, or
resulting from, IR, such as hyperglycemia, inﬂammation,
obesity, and/or vascular damage, may play a role in
mediating adverse neurobehavioral outcomes, particularly in
aging populations (44–47). Taken together, our ﬁndings raise
the possibility that a combination of both hormonal and
metabolic factors may impact cognition in PCOS.
Several points should be considered when interpreting
our results. For one, our ﬁndings should not be interpreted
as indicating impairment in cognitive function in our groups.
Instead, these analyses suggest only the presence of focal
cognitive differences in relation to PCOS features. Moreover,
the clinical importance of these differences, if any, will
require further investigation. For example, the impact of executive function differences on health behaviors in PCOS
should be explored. Executive function deﬁcits have previously been linked to challenges in executing healthy behaviors, such as exercise or dietary interventions (48, 49).
Because appropriate diet and exercise habits are a critical
for supporting long-term health in PCOS, methods to understand and improve executive function skills may be a new
tool to help those with PCOS achieve improved behaviors.
Furthermore, if additional work determines that potentially
treatable or manageable features of PCOS (e.g., hyperandrogenism or IR) contribute to executive function deﬁcits, there
may be opportunities to improve cognitive outcomes through
early interventions to manage hormonal and/or metabolic
abnormalities.
An important strength of this study is a design that
compared well-matched subjects with classic hyperandrogenic PCOS with subjects with a mild PCOS phenotype, all recruited from the same PCOS center. This strategy allowed us
to minimize selection bias. However, by comparing cognitive
performance within 2 PCOS groups, our study may underestimate effects that would be observed when comparing to
non-PCOS controls. Larger studies with well-matched nonPCOS controls are needed to better contextualize these ﬁndings and interrogate the role of additional PCOS factors,
including menstrual disturbance. Several additional limitations should be considered. First, given the cross-sectional
5
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FIGURE 1

(A) Executive function composite z-scores for polycystic ovary syndrome (PCOS) without hyperandrogenism and without insulin resistance in green
(PCOS-No HA, No IR), PCOS with hyperandrogenism and without insulin resistance in blue (PCOS-HA, No IR), and PCOS with hyperandrogenism
and insulin resistance in red (PCOS-HA, IR). Insulin resistance deﬁned as a Homeostatic Model Assessment for Insulin Resistance score of >2.1.
Polycystic ovary syndrome without hyperandrogenism but with insulin resistance (n ¼ 2) not included. The cross indicates means; P trend
<.001. (B) Scatterplot of the Trail Making B z-scores and log insulin sensitivity index (Matsuda), with PCOS-HA (blue circles) and PCOS-No HA
(green triangles) depicted. The shaded area shows 95% conﬁdence interval for linear relationship; P value adjusted for age, years of education,
and ethnicity/race.
Huddleston. Cognitive function in PCOS. Fertil Steril Rep 2022.

design of this study, we are unable to infer causality. Second,
our sample size was small. Additional work is needed to
conﬁrm these ﬁndings with larger populations and further
elucidate relationships between distinct endophenotypic features of PCOS and brain health. Finally, this study included
only premenopausal women in the third, fourth, and ﬁfth
6

decades of life. Studies are needed to clarify the role of age
and aging for people with PCOS.
Acknowledgments: The authors thank all UCSF patients
with PCOS for their valuable time and commitment to our
work.
VOL. - NO. - / - 2022

Fertil Steril Rep®

REFERENCES
1.

2.
3.

4.

5.

6.

7.

8.

9.
10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

Azziz R, Woods KS, Reyna R, Key TJ, Knochenhauer ES, Yildiz BO. The prevalence and features of the polycystic ovary syndrome in an unselected population. J Clin Endocrinol Metab 2004;89:2745–9.
Azziz R, Carmina E, Chen Z, Dunaif A, Laven JS, Legro RS, et al. Polycystic
ovary syndrome. Nat Rev Dis Primers 2016;2:16057.
Lee JH, Park SK, Ryoo JH, Oh CM, Mansur RB, Alfonsi JE, et al. The association between insulin resistance and depression in the Korean general population. J Affect Disord 2017;208:553–9.
Vrany EA, Berntson JM, Khambaty T, Stewart JC. Depressive symptoms clusters and insulin resistance: race/ethnicity as a moderator in 2005-2010
NHANES data. Ann Behav Med 2016;50:1–11.
Ekblad LL, Rinne JO, Puukka P, Laine H, Ahtiluoto S, Sulkava R, et al. Insulin
resistance predicts cognitive decline: an 11-year follow-up of a nationally
representative adult population sample. Diabetes Care 2017;40:
751–8.
Bove RM, Brick DJ, Healy BC, Mancuso SM, Gerweck AV, Bredella MA, et al.
Metabolic and endocrine correlates of cognitive function in healthy young
women. Obesity (Silver Spring) 2013;21:1343–9.
Singh MK, Leslie SM, Packer MM, Zaiko YV, Phillips OR, Weisman EF, et al.
Brain and behavioral correlates of insulin resistance in youth with depression
and obesity. Horm Behav 2019;108:73–83.
Phillips OR, Onopa AK, Zaiko YV, Singh MK. Insulin resistance is associated
with smaller brain volumes in a preliminary study of depressed and obese
children. Pediatr Diabetes 2018;19:892–7.
Barnes DE, Yaffe K. The projected effect of risk factor reduction on Alzheimer's disease prevalence. Lancet Neurol 2011;10:819–28.
Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential for primary
prevention of Alzheimer's disease: an analysis of population-based data.
Lancet Neurol 2014;13:788–94.
Kullmann S, Heni M, Hallschmid M, Fritsche A, Preissl H, Haring HU. Brain
insulin resistance at the crossroads of metabolic and cognitive disorders in
humans. Physiol Rev 2016;96:1169–209.
Becker JB, Arnold AP, Berkley KJ, Blaustein JD, Eckel LA, Hampson E, et al.
Strategies and methods for research on sex differences in brain and
behavior. Endocrinology 2005;146:1650–73.
Gurvich C, Hoy K, Thomas N, Kulkarni J. Sex differences and the inﬂuence of
sex hormones on cognition through adulthood and the aging process. Brain
Sci 2018;8:163.
Cooney LG, Lee I, Sammel MD, Dokras A. High prevalence of moderate and
severe depressive and anxiety symptoms in polycystic ovary syndrome: a
systematic review and meta-analysis. Hum Reprod 2017;32:1075–91.
Greenwood EA, Pasch LA, Shinkai K, Cedars MI, Huddleston HG. Clinical
course of depression symptoms and predictors of enduring depression risk
in women with polycystic ovary syndrome: results of a longitudinal study.
Fertil Steril 2019;111:147–56.
Greenwood EA, Yaffe K, Wellons MF, Cedars MI, Huddleston HG. Depression over the lifespan in a population-based cohort of women with polycystic ovary syndrome: longitudinal analysis. J Clin Endocrinol Metab 2019;
104:2809–19.
Greenwood EA, Pasch LA, Shinkai K, Cedars MI, Huddleston HG. Putative
role for insulin resistance in depression risk in polycystic ovary syndrome. Fertil Steril 2015;104:707–14.e1.
Greenwood EA, Pasch LA, Cedars MI, Legro RS, Eisenberg E,
Huddleston HG, et al. Insulin resistance is associated with depression risk
in polycystic ovary syndrome. Fertil Steril 2018;110:27–34.
Cooney LG, Dokras A. Depression and anxiety in polycystic ovary syndrome:
etiology and treatment. Curr Psychiatry Rep 2017;19:83.
Rees DA, Udiawar M, Berlot R, Jones DK, O'Sullivan MJ. White matter microstructure and cognitive function in young women with polycystic ovary syndrome. J Clin Endocrinol Metab 2016;101:314–23.
Castellano CA, Baillargeon JP, Nugent S, Tremblay S, Fortier M, Imbeault H,
et al. Regional brain glucose hypometabolism in young women with
polycystic ovary syndrome: possible link to mild insulin resistance. PLoS
One 2015;10:e0144116.

VOL. - NO. - / - 2022

22.

23.

24.

25.

26.
27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group.
Revised 2003 consensus on diagnostic criteria and long-term health
risks related to polycystic ovary syndrome (PCOS). Hum Reprod 2004;
19:41–7.
Ahmad AK, Quinn M, Kao CN, Greenwood E, Cedars MI, Huddleston HG.
Improved diagnostic performance for the diagnosis of polycystic ovary
syndrome using age-stratiﬁed criteria. Fertil Steril 2019;111,
787–93.e2.
Teede HJ, Misso ML, Costello MF, Dokras A, Laven J, Moran L, et al. Recommendations from the international evidence-based guideline for the assessment and management of polycystic ovary syndrome. Hum Reprod 2018;
33:1602–18.
Zawadski JKDA. Diagnostic criteria for polycystic ovary syndrome: towards a
rational approach. In: Dunaif A, Givens JR, Haseltine FP, Merriam GR, editors. Polycystic ovary syndrome. Boston, MA: Blackwell Scientiﬁc; 1992:
377–84.
Wechsler D. WAIS-IV technical and interpretive manual. San Antonio, TX:
Pearson; 2008.
Woods SP, Delis DC, Scott JC, Kramer JH, Holdnack JA. The California Verbal
Learning Test–second edition: test-retest reliability, practice effects, and reliable change indices for the standard and alternate forms. Arch Clin Neuropsychol 2006;21:413–20.
Delis DC, Kaplan E, Kramer JH, Delis DC, Kaplan E, Kramer JH. (2001a). DelisKaplan executive function system: examiner’s manual. San Antonio, TX: Psychological Corporation; 2001.
Chlebowski C. Wechsler Memory Scale all versions. In: Kreutzer JS, DeLuca J,
Caplan B, editors. Encyclopedia of Clinical Neuropsychology. New York, NY:
Springer; 2011:2688–90, New York.
Beck AT, Steer RA, Brown GK. Manual for the Beck Depression Inventory-II.
San Antonio, TX: Psychological Corporation; 1996.
University of Virginia School of Medicine. Ligand Assay & Analysis Core.
Available at: https://med.virginia.edu/research-in-reproduction/ligandassay-analysis-core/. Accessed March 1, 2022.
Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained from oral
glucose tolerance testing: comparison with the euglycemic insulin clamp.
Diabetes Care 1999;22:1462–70.
Ciampelli M, Leoni F, Cucinelli F, Mancuso S, Panunzi S, De Gaetano A, et al.
Assessment of insulin sensitivity from measurements in the fasting state and
during an oral glucose tolerance test in polycystic ovary syndrome and
menopausal patients. J Clin Endocrinol Metab 2005;90:1398–406.
Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD.
The unity and diversity of executive functions and their contributions to complex ‘‘frontal lobe’’ tasks: a latent variable analysis. Cogn Psychol 2000;41:
49–100.
Schattmann L, Sherwin BB. Testosterone levels and cognitive functioning in
women with polycystic ovary syndrome and in healthy young women. Horm
Behav 2007;51:587–96.
Li G, Hu J, Zhang S, Fan W, Wen L, Wang G, et al. Changes in resting-state
cerebral activity in women with polycystic ovary syndrome: a functional MR
imaging study. Front Endocrinol (Lausanne) 2020;11:603279.
Hamson DK, Roes MM, Galea LA. Sex hormones and cognition: neuroendocrine inﬂuences on memory and learning. Compr Physiol 2016;6:
1295–337.
Gaillard A, Fehring DJ, Rossell SL. A systematic review and meta-analysis of
behavioural sex differences in executive control. Eur J Neurosci 2021;53:
519–42.
Frazier DT, Bettcher BM, Dutt S, Patel N, Mungas D, Miller J, et al. Relationship between insulin-resistance processing speed and speciﬁc executive
function proﬁles in neurologically intact older adults. J Int Neuropsychol
Soc 2015;21:622–8.
Yates KF, Sweat V, Yau PL, Turchiano MM, Convit A. Impact of metabolic
syndrome on cognition and brain: a selected review of the literature. Arterioscler Thromb Vasc Biol 2012;32:2060–7.
Yau PL, Javier DC, Ryan CM, Tsui WH, Ardekani BA, Ten S, et al. Preliminary
evidence for brain complications in obese adolescents with type 2 diabetes
mellitus. Diabetologia 2010;53:2298–306.

7

ORIGINAL ARTICLE: CROSS-SECTIONAL STUDY
42.

43.

44.

45.

8

Ekblad LL, Rinne JO, Puukka PJ, Laine HK, Ahtiluoto SE, Sulkava RO, et al.
Insulin resistance is associated with poorer verbal ﬂuency performance in
women. Diabetologia 2015;58:2545–53.
Heni M, Kullmann S, Preissl H, Fritsche A, Haring HU. Impaired insulin action
in the human brain: causes and metabolic consequences. Nat Rev Endocrinol 2015;11:701–11.
Yau PL, Kim M, Tirsi A, Convit A. Retinal vessel alterations and cerebral white
matter microstructural damage in obese adolescents with metabolic syndrome. JAMA Pediatr 2014;168:e142815.
Yau PL, Kang EH, Javier DC, Convit A. Preliminary evidence of cognitive and
brain abnormalities in uncomplicated adolescent obesity. Obesity (Silver
Spring) 2014;22:1865–71.

46.

47.
48.

49.

Spielman LJ, Little JP, Klegeris A. Inﬂammation and insulin/IGF-1 resistance
as the possible link between obesity and neurodegeneration. J Neuroimmunol 2014;273:8–21.
Arnoldussen IA, Kiliaan AJ, Gustafson DR. Obesity and dementia: adipokines
interact with the brain. Eur Neuropsychopharmacol 2014;24:1982–99.
Daly M, McMinn D, Allan JL. A bidirectional relationship between physical
activity and executive function in older adults. Front Hum Neurosci 2014;
8:1044.
Wyckoff EP, Evans BC, Manasse SM, Butryn ML, Forman EM. Executive
functioning and dietary intake: neurocognitive correlates of fruit,
vegetable, and saturated fat intake in adults with obesity. Appetite 2017;
111:79–85.

VOL. - NO. - / - 2022

