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Abstract

Objectives: Several studies suggest that androgens are involved in the etiology of
attention deficit-hyperactivity disorder (ADHD). In this study, we investigated the
ADHD symptoms in women with polycystic ovary syndrome (PCOS), a complex
endocrine, hormonal, and metabolic condition associated with hyperandrogenism.
Methods: Forty women between the ages of 18 and 35 years with PCOS were
recruited for the study group. For comparison, 40 healthy women who had regular
menses were included. Current and childhood ADHD symptoms were assessed by
using the Adult ADHD Self-Report Scale and Wender-Utah Rating Scale, respectively.
Results: Women with PCOS had higher total Adult ADHD Self-Report Scale and
total Wender-Utah Rating Scale scores than controls. According to the Wender-Utah
Rating Scale, the frequency of childhood ADHD was significantly higher in PCOS
group than the control. Adult ADHD Self-Report Scale: Hyperactivity—Impulsivity
and Wender-Utah Rating Scale: Behavioral Problems/Impulsivity scores were signifi-
cantly higher in women with PCOS. However, there were no significant differences
between groups in both current and childhood inattention scores. We found no
correlations between ADHD symptoms and serum hormone levels including testos-
terone in women with PCOS.
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Conclusions: These results suggest that women with PCOS have higher ADHD
symptoms. Further studies are needed to investigate the association between PCOS
and ADHD.
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Introduction

Sexual differentiation of the brain occurs under the control of gonadal
hormones, particularly androgens, during early development. Androgen levels
during the prenatal development permanently influence brain regions and behav-
iors that show sex differences. For instance, in rhesus monkeys, treating preg-
nant females with androgens increases male-typical behaviors and reduces
female-typical behaviors in female offspring.'-

Attention deficit-hyperactivity disorder (ADHD) is a common neurodevelop-
mental disorder that affects 6-12% of school-aged children and 4-5% of adults.
Males are more likely to receive the diagnosis than females, with ratios ranging
from 2:1 to 9:1.° Affected females display lower rates of hyperactivity and
aggression and are more likely to be diagnosed with the ADHD/Inattentive
type than males.*> The male preponderance suggest that ADHD may be influ-
enced by prenatal androgen levels.®’

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder of
reproductive age women, affecting 6-7% of women during their childbearing
years. It is characterized by hyperandrogenism, chronic oligo/anovulation, and
polycystic ovaries on ultrasound.® Based on animal models, experimental evi-
dence showed that pregnant monkeys receiving exogenous androgens gave rise
to daughters with PCOS symptoms which support the role of prenatal androgens
in the etiology of PCOS.”>!”

Previous studies have suggested the role of androgens in the development of
ADHD. The ratio of second to fourth digit length (2D:4D) is suggested as an
indicator of prenatal androgen exposure.'' More masculine (lower) 2D:4D ratio
was found to be associated with higher ADHD symptoms.® Cattrall et al.'?
reported that women with PCOS also had lower 2D:4D ratio. In addition to
intrauterine androgen levels, current androgen levels were shown to be related
with ADHD. Children with ADHD were reported to have higher salivary levels
of dehydroepiandrosterone compared with controls.'?

In this study, we compared the ADHD symptoms between women with
PCOS and controls. As it had been suggested that androgens are implied in
the etiologies of both ADHD and PCOS, we predicted that women with
PCOS would have higher ADHD scores than controls.
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Methods
Procedure

Forty women between the ages of 18 and 35 years with a diagnosis of PCOS were
recruited from the Department of Obstetrics and Gynecology, Meram Faculty of
Medicine, Konya, Turkey. PCOS diagnosis was based on Rotterdam diagnostic
criteria.'* Exclusion criteria were use of hormone therapy to treat symptoms of
PCOS within three months prior to recruitment, current use of psychotropic
medications, and current psychiatric illness. For comparison, 40 healthy
women between the ages of 18 and 35 years who had regular menses according
to their self-report were recruited from the hospital staff. Women with a history
of irregular menstrual cycles, acne, or excessive hair growth or those using oral
contraceptives were excluded. All other inclusion and exclusion criteria for the
PCOS group were also applied to the selection of control group. As adult
ADHD is associated with overweight and obesity,'> Body mass index (BMI)
was measured in all subjects.

Written informed consent was obtained from all participants. Before entering
the study, weight and height of all participants were measured and their BMI were
calculated. All participants were then invited to complete the Wender-Utah Rating
Scale (WURS) and Adult ADHD Self-Report Scale (ASRS). The study was
approved by the Meram Faculty of Medicine Ethical Committee, Konya, Turkey.

Instruments

Data form. An interview form developed by the investigators was used to collect
data about the demographic characteristics of the participants. This form
included questions including age and education level (number of years in full-
time education) of the participants.

Biochemical markers. Blood samples of subjects with PCOS were obtained as a part
of routine clinical examination during their early follicular phase (within 2-5 days
after the first day of spontaneous menstrual bleeding) and serum concentrations
of free testosterone, estradiol, follicle-stimulating hormone, luteinizing hormone,
and progesterone were measured in fasting blood in the morning at the Chemistry
Laboratory of Meram Faculty of Medicine using standard measurement assays.

Wender-Utah Rating Scale. The WURS is a 25-item self-report scale designed to
assess childhood symptoms of ADHD retrospectively.'® Ttems are rated on a
five-point severity scale, from 0=not at all or slightly to 4=very much. The
Turkish version of the WURS has been found to be a reliable and valid instru-
ment for assessing childhood symptoms of ADHD in adults.'” The Turkish
version has five factors including (1) Irritability, (2) Depression, (3) School
Problems, (4) Behavioral Problems/Impulsivity, and (5) Inattentiveness. In this
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sample, WURS had excellent internal consistency (Cronbach’s o=.902). The
cut-off point of the WURS was determined as 36.

Adult ADHD Self-Report Scale. The ASRS is a self-report scale designed to measure
current ADHD symptoms. It consists of 18 items based on DSM-IV criteria for
ADHD that were measured on a five-point scale (0 = never/seldom and 4 = very
often). The ASRS consists of two subscales, inattention and hyperactivity-impul-
sivity, each of them containing nine items.'® Validity and reliability study of the
ASRS in Turkish adult population was conducted by Dogan et al.'"” In this
sample, ASRS had good internal consistency (Cronbach’s oo =.749). The cut-
off score for ASRS in Turkish population was not studied.

Statistical analyses

Data were presented as means =+ standard deviations. Kolmogorov—Smirnov test
was performed to test the normal distribution of the data, and according to the
results, an independent ¢ test (two-tailed) or Mann-Whitney U test was used to
compare continuous variables. Pearson’s correlation analysis was performed to
examine the correlations between ASRS, and WURS scores and hormone levels,
age, education, and BMI. A p-value of less than 0.05 was considered as statis-
tically significant. Statistical analyses were done using SPSS for Windows, ver-
sion 17.0 (SPSS Inc., Chicago, IL, USA).

Results

There were no significant differences in age, education, and BMI between
groups. The descriptive characteristics of the groups are reported in Table 1.

Women with PCOS had significantly higher total current (ASRS) and total
childhood (WURS) ADHD scores than controls. Hyperactivity-Impulsivity
score of ASRS and Behavioral Problems/Impulsivity score of WURS were
higher in PCOS group. There were no significant differences between groups
in both ASRS and WURS inattention scores (Table 2). Based on the cut-off
score of WURS, the frequency of childhood ADHD was significantly higher in
PCOS group (11/40) than the control (2/40) (p =0.013).

Pearson correlation analysis revealed that there were no associations between
ASRS, and WURS scores and hormone levels, age, and BMI (Table 3).
Duration of education was negatively correlated with WURS-School Problems
(r=-0.356, p=0.24) and WURS-Inattentiveness (r=—0.338, p=0.33).

Discussion

We found that women with PCOS had higher total childhood and current
ADHD symptoms than controls. The dopamine system is thought to play a
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Table I. Means (£SD) for age, education, and BMI by group.

PCOS Control
n=40 n=40 b
Age (years) 22.28 +3.68 22.33+3.66 .952°
Education (years) 13.75+2.56 13.18 4+ 1.89 327°
BMI (kg/m?) 22.07 £4.96 2248 + 3.6l 674%
Weight (kg) 58.18 £12.39 59.93+9.28 ATT?
Height (cm) 162.55 +5.35 163.43 +6.15 499*

BMI: body mass index.
?Independent t test.
®Mann-Whitney U test.

Table 2. Means (£SD) for total WURS and ASRS scales and subscale scores by group.

PCOS Control

n=40 n=40 p
ASRS: Inattention 13.30£5.78 11.58+3.46 .1o?
ASRS: Hyperactivity-Impulsivity 15.28 +6.02 12.03 £ 4.67 .009%
ASRS: Total 28.58 +10.80 23.35+6.85 .012°
WURS: Inattentiveness 6.18 £4.57 5.18+2.88 .245°
WURS: School Problems 2.304+2.80 1.15+ 1.64 .059°
WURS: Depression 5.50+4.77 4.10+2.59 .508°
WURS: Irritability 8.00+7.09 5.08+4.18 .093°
WURS: Behavioral Problems/Impulsivity 4.13+£4.22 2.28+2.62 .048°
WURS: Total 25.85+20.09 17.88 +£9.04 .025%

ASRS: Adult ADHD Self-Report Scale; WURS: Wender-Utah Rating Scale.
?Independent t test.
®Mann-Whitney U test.

Table 3. Correlation between ASRS and WURS scores and hormone levels, age, and BMI.?

fT E2 FSH LH P BMI Age
ASRS: Total .094 155 012 —.084 .033 —.045 —.034
WURS: Total —.099 —.136 —.203 —.065 .166 —.046 —.208

ASRS: Adult ADHD Self-Report Scale; WURS: Wender-Utah Rating Scale; fT: free testosterone; E2:
estradiol; FSH: follicle-stimulating hormone; LH: luteinizing hormone; P: progesterone; BMI: body mass
index.

*Correlation coefficients.
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central role in the neurobiology of ADHD.?® Androgens are known to modulate
dopamine activity in the mesolimbic system and to influence the development of
dopamine neurons in the prefrontal cortex.”’** King et al.>* reported that
exposure to elevated androgen levels in early development led to decreased dopa-
mine innervation in the frontal cortex and enhanced expression of ADHD-like
behaviors in rats. Our findings support that high androgen levels may alter
dopaminergic neurotransmission and increase the risk for ADHD.

In our study, childhood (WURS) Behavioral Problems/Impulsivity and cur-
rent (ASRS) Hyperactivity-Impulsivity scores were higher in PCOS group.
Pasterski et al.?* found that girls with congenital adrenal hyperplasia, a disorder
in which androgens are elevated prenatally, were reported by their mothers to be
significantly more active and aggressive than their unaffected sisters. Oner et al.?
also reported that girls with congenital adrenal hyperplasia had higher
externalization scores on Child Behavior Checklist. These results suggest that
androgen exposure may have an effect on hyperactivity and impulsivity in
women with PCOS.

We found no significant differences between groups in both current and child-
hood inattention scores. Several studies confirmed that parents and teachers of
children with ADHD are more likely to rate boys as being more hyperactive than
girls, and girls to be more inattentive than boys.?®?” Chance et al.*® reported that
testosterone levels were associated with aggression but not with cognitive ability.
We can suggest that androgens do not exert a direct influence on inattention.

Positive relationship between testosterone and aggression was reported in
children with disruptive behaviors.”” However, there was a lack of association
between impulsivity/aggression and serum androgen levels in adults.>*>! In this
study, we found no relation between serum testosterone levels and ADHD symp-
toms in women with PCOS. It may be that androgen effect on ADHD symptoms
occur at an early stage of brain development. It should also be borne in mind
that peripheral testosterone levels may not be correlated with actual levels of
testosterone in the brain.

This study must be considered with its limitations. Our major limitation was
subjects in the control group recruited according to their self-reports for PCOS
rather than a clinical examination. Second limitation was all measures were
based purely on self-report. Also, the use of WURS for childhood ADHD
symptoms might lead to inaccurate recall. The ASRS and WURS are useful
tools for screening but do not have the ability to make a clinical diagnosis.
Finally, the main hypothesis of this study, which was the involvement of pre-
natal androgen exposure in the development of ADHD and PCOS, was not
directly tested. These limitations suggest that results of this study should be
viewed as very preliminary.

In conclusion, the present study found that women with PCOS had signifi-
cantly higher hyperactivity-impulsivity but not inattention scores than controls.
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These results suggest that androgen exposure may be involved in the develop-
ment of ADHD symptoms. Further studies are needed to investigate the asso-
ciation between PCOS and ADHD.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to the research,
authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, authorship, and/or publica-
tion of this article.

References

I.

12.

Hines M. Early androgen influences on human neural and behavioral development.
Early Hum Dev 2008; 84: 805-807.

. Manson JE. Prenatal exposure to sex steroid hormones and behavioral/cognitive

outcomes. Metabolism 2008; 57(Suppl 2): S16-21.

. Rucklidge JJ. Gender differences in attention-deficit/hyperactivity disorder. Psychiatr

Clin North Am 2010; 33: 357-373.

. Hergiiner S and Hergliner A. Psychiatric comorbidity in children and adolescents

with attention deficit hyperactivity disorder. Arch Neuropsychiatr 2012; 49: 114-118.

. Stevenson JC, Everson PM, Williams DC, et al. Attention deficit/hyperactivity dis-

order (ADHD) symptoms and digit ratios in a college sample. Am J Hum Biol 2007,
19: 41-50.

. James WH. Further evidence that some male-based neurodevelopmental disorders

are associated with high intrauterine testosterone concentrations. Dev Med Child
Neurol 2008; 50: 15-18.

. Martel MM, Klump K, Nigg JT, et al. Potential hormonal mechanisms of attention-

deficit/hyperactivity disorder and major depressive disorder: a new perspective. Horm
Behav 2009; 55: 465-479.

. Azziz R, Carmina E, Dewalilly D, et al. The androgen excess and PCOS Society

criteria for the polycystic ovary syndrome: the complete task force report. Fertil
Steril 2009; 91: 456-488.

. Abbott DH, Barnett DK, Bruns CM, et al. Androgen excess fetal programming of

female reproduction: a developmental aetiology for polycystic ovary syndrome? Hum
Reprod Update 2005; 11: 357-374.

. Zhou R, Bird IM, Dumesic DA, et al. Adrenal hyperandrogenism is induced by fetal

androgen excess in a rhesus monkey model of polycystic ovary syndrome. J Clin
Endocrinol Metab 2005; 90: 6630-6637.

. Lutchmaya S, Baron-Cohen S, Raggatt P, et al. 2nd to 4th digit ratios, fetal testos-

terone and estradiol. Early Hum Dev 2004; 77: 23-28.

Cattrall FR, Vollenhoven BJ and Weston GC. Anatomical evidence for in utero
androgen exposure in women with polycystic ovary syndrome. Fertil Steril 2005;
84: 1689-1692.



324 The International Journal of Psychiatry in Medicine 50(3)

13. Wang LJ, Huang YS, Hsiao CC, et al. Salivary dehydroepiandrosterone, but not
cortisol, is associated with attention deficit hyperactivity disorder. World J Biol
Psychiatry 2011; 12: 99-109.

14. Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group. (2004).
Revised 2003 consensus on diagnostic criteria and long-term health risks related to
polycystic ovary syndrome. Fertil Steril 2004; 81: 19-25.

15. Pagoto SL, Curtin C, Lemon SC, et al. Association between adult attention deficit/
hyperactivity disorder and obesity in the US population. Obesity (Silver Spring)
2009; 17: 539-544.

16. Ward MF, Wender PH and Reimherr FW. The Wender-Utah rating scale: an aid in
the retrospective diagnosis of childhood attention deficit hyperactivity disorder. Am J
Psychiatry 1993; 50: 885-890.

17. Oncii B, Olmez S and Sentiirk V. Validity and reliability of the Turkish version of the
Wender-Utah rating scale for attention-deficit/hyperactivity disorder in adults. Tiirk
Psikiyatri Dergisi 2005; 16: 252-259.

18. Kessler RC, Adler L, Ames M, et al. The world health organization adult ADHD
self-report scale (ASRS): a short screening scale for use in the general population.
Psychol Med 2005; 35: 245-256.

19. Dogan S, Oncii B, Saracoglu GV, et al. Validity and reliability of the Turkish version
of the adult ADHD self-report scale (ASRS-v1.1). Anadolu Psikiyatri Dergisi 2009;
10: 77-87.

20. Swanson JM, Kinsbourne M, Nigg J, et al. Etiologic subtypes of attention-deficit/
hyperactivity disorder: brain imaging, molecular genetic and environmental factors
and the dopamine hypothesis. Neuropsychol Rev 2007; 17: 39-59.

21. Kritzer MF and Creutz LM. Region and sex differences in constituent dopamine
neurons and immunoreactivity for intracellular estrogen and androgen receptors in
mesocortical projections in rats. J Neurosci 2008; 28: 9525-9535.

22. Hernandez L, Gonzalez L, Muri E, et al. Testosterone modulates mesolimbic dopa-
minergic activity in male rats. Neurosci Lett 1994; 171: 172-174.

23. King JA, Barkley RA, Delville Y, et al. Early androgen treatment decreases cognitive
function and catecholamine innervation in an animal model of ADHD. Behav Brain
Res 2000; 107: 35-43.

24. Pasterski V, Hindmarsh P, Geffner M, et al. Increased aggression and activity level in
3- to 11-year-old girls with congenital adrenal hyperplasia (CAH). Horm Behav 2007,
52: 368-374.

25. Oner O, Aycan Z, Tiryaki T, et al. Variables related to behavioral and emotional
problems and gender typed behaviors in female patients with congenital adrenal
hyperplasia. J Pediatr Endocrinol Metab 2009; 22: 143-151.

26. Papageorgiou V, Kalyva E, Dafoulis V, et al. Differences in parents’ and teachers’
ratings of ADHD symptoms and other mental health problems. Eur J Psychiatr 2008;
22: 200-210.

27. Weiss M, Worling D and Wasdell M. A chart review study of the inattentive and
combined types of ADHD. J Atten Disord 2003; 7: 1-9.

28. Chance SE, Brown RT, Dabbs JM Jr, et al. Testosterone, intelligence and behavior
disorders in young boys. Pers Individ Differ 2000; 28: 437-445.



Hergiiner et al. 325

29. Scerbo AS and Kolko DJ. Salivary testosterone and cortisol in disruptive children:
relationship to aggressive, hyperactive, and internalizing behaviors. J Am Acad Child
Adolesc Psychiatry 1994; 33: 1174-1184.

30. Coccaro EF, Beresford B, Minar P, et al. CSF testosterone: relationship to aggres-
sion, impulsivity, and venturesomeness in adult males with personality disorder. J
Psychiatr Res 2007; 41: 488—492.

31. Roepke S, Ziegenhorn A, Kronsbein J, et al. Incidence of polycystic ovaries and
androgen serum levels in women with borderline personality disorder. J Psychiatr
Res 2010; 44: 847-852.



