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Abstract

Aim: This study investigated the prevalence of disease-causing chronic anovulation and proposes a logical
investigation flowchart to facilitate diagnosis in women presenting with chronic anovulation.

Material and Methods: The cross-sectional retrospective study was performed using 293 reproductive-aged
women who were diagnosed with chronic anovulation at the Gynecologic Endocrinology Unit, Faculty of
Medicine, Chiang Mai University between January 2008 and December 2012. The demographic data, labora-

tory investigations and diagnoses were collected.

Results: Among 293 patients recruited into the study, the common causes of anovulation were polycystic ovary
syndrome (PCOS) (73.4%), prolactin disorder (13.3%) and unexplained chronic anovulation (7.5%). The less
common causes were thyroid disorders, congenital adrenal hyperplasia, adrenal tumors and Cushing’s
disease. There was a strong positive association between the levels of 17-hydroxyprogesterone and/or
dehydroepiandrosterone sulfate with the levels of testosterone and androstenedione. The sensitivity and
specificity of serum luteinizing hormone to accurately diagnose PCOS were 29.38% and 55.56% (P = 0.03). The
luteinizing hormone/follicle-stimulating hormone ratio >3 had a sensitivity and specificity at 18.56% and

92.86% (P =0.03) for PCOS diagnosis.

Conclusion: Serum androstenedione, testosterone, thyroid-stimulating hormone, prolactin levels and pelvic
ultrasonography should be included in the initial investigations for anovulation. The 17-hydroxyprogesterone
and dehydroepiandrosterone sulfate levels can be used for secondary anovulation evaluations.

Key words: amenorrhea, anovulation, congenital adrenal hyperplasia, oligomenorrhea, polycystic ovary

syndrome.

Introduction

Anovulation is a common gynecological problem
among women of reproductive age. Patients com-
monly present with irregular menstruation or
amenorrhea. These patients have sufficient estrogen,
but no ovulation occurs. Thus, it can be postulated
that they have progesterone insufficiency for normal
menstrual cycle regulation. An article concerning
Danish women shows that the prevalence of women
having irregular menstruation is 10.7-28.5%." Thirty

percent of infertile women are also facing this
problem.” A woman who has long intervals between
menstrual cycles for more than 35 days, or amenor-
rhea for at least 6 months is facing chronic anovula-
tion. This symptom could be caused by many diseases
and conditions, such as polycystic ovary synd-
rome (PCOS), Cushing’s syndrome, hyperthyroidism,
hypothyroidism, hyperprolactinemia, hypothalamic
and pituitary disorders, late-onset congenital
adrenal hyperplasia (CAH), adrenal and ovarian
tumors.”™*
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The diseases causing chronic anovulation and this
symptom itself increase the risk of obesity, diabetes
mellitus, cardiovascular disease and endometrial
cancer.* The patient who has a clear clinical manifesta-
tion, such as galactorrhea, can be diagnosed easily and
does not need extensive investigation to identify the
cause of anovulation. However, patients with no
obvious clinical picture might need more extensive
investigations. A complete investigation to identify the
causes of anovulation include pelvic ultrasonography,
assessment of follicle-stimulating hormone (FSH) and
estradiol levels to investigate early ovarian insuffi-
ciency, thyroid function test, prolactin, dexamethasone
suppression test for Cushing’s assessment, testoster-
one, androstenedione, dehydroepiandrosterone sulfate
(DHEAS) and 17-hydroxyprogesterone (17-OHP).** To
carry out all aspects of the investigation is quite
expensive.

The aim of this study was to reveal the prevalence of
conditions causing chronic anovulation at a tertiary
university hospital and to propose a logical flowchart
of laboratory investigations for women presenting
with chronic anovulation.

Methods

The study was approved by the Ethics Committee in
Human Research, Chiang Mai University, Thailand. It
was a cross-sectional retrospective study among 293
women of reproductive age who had chronic anovula-
tion and underwent a significant investigation for the
cause of anovulation at the Faculty of Medicine, Chiang
Mai University between January 2008 and December
2012. All participating patients had irregular menstrua-
tion or amenorrhea for at least 6 months.

The inclusion criteria were: (i) women aged 15-40
years; (ii) teenage girls aged less than 18 years who
were at least 3 years past their menarche; (iii) patients
who had irregular menstruation (intervals of more than
45 days) or had suffered amenorrhea for at least 6
months; and (iv) patients who had a positive proges-
terone challenge test result. The exclusion criteria were:
(i) patients who had obvious abnormal endocrinologi-
cal clinical manifestations, such as exophthalmos or
galactorrhea; and (ii) women who had taken hormones
or drugs affecting ovarian function within 3 months.
The patient characteristics and laboratory results were
collected.

The serum samples were collected before the proges-
terone challenge test or at least 1 month after the pro-
gesterone challenge test had taken place. Serum FSH,

luteinizing hormone (LH), estradiol, prolactin, insulin,
thyroid-stimulating hormone (TSH), total testosterone,
and sex hormone binding globulin (SHBG) levels were
measured by electrochemiluminescence immunoas-
say (Elecys 2010, Roche). Androstenedione (ADD),
dehydroepiandrosterone  sulfate (DHEAS) and
17-hydroxyprogesterone (17-OHP) were measured by
enzyme-linked immunosorbent assay (ELISA). The
total testosterone was used in this study because we
found there was a strong correlation between serum
total testosterone and free testosterone index in Thai
PCOS women.’ The free testosterone index also
showed a close correlation to the free testosterone mea-
sured by equilibrium dialysis.® The laboratory investi-
gation chart is shown in Figure 1. The normal reference
value of each measure is presented in Table S1. Patients
who had serum prolactin levels of more than
4.35 nmol/L underwent a further investigation using
brain magnetic resonance imaging (MRI).

PCOS was diagnosed by the 2003 Rotterdam crite-
ria” Late-onset congenital adrenal hyperplasia was
excluded by a 250-pug adrenocorticotropin hormone
stimulation test if the 17-OHP level was higher than
12.12 nmol/L. The dexamethasone suppression test
was carried out on all obese patients.

Statistical analysis was performed using sTATA
version 12.0 (StataCorp). The demographic data were
demonstrated as percentages, mean, range and stan-
dard deviation. A P-value of less than 0.05 was consid-
ered to be statistically significant.

Results

The medical records of 293 women with chronic
anovulation were used in the study. Nearly all of the
women (99.3%) were nulliparous, with a mean age
of 26.3%6.5 years. The mean BMI was 26.31 £ 6.55
(15.42-46.86 kg/m?). The three most common chief
complaints were secondary amenorrhea (39.4%), oligo-
menorrhea (32.9%) and primary infertility (12.9%).
Additional complaints were menorrhagia, metrorrha-
gia, menometrorrhagia, hirsutism and hypomenor-
rhea. The average menstruation interval was 75.2 days
(range 15-270 days).

The most common cause of anovulation was PCOS,
followed by prolactin disorder, idiopathic chronic
anovulation and thyroid disorder as shown in Table 1.
Two anovulation patients were diagnosed with CAH.
The prevalence of CAH among hyperandrogenism
patients was 1.29% (two of 155 cases).
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Figure 1 Laboratory investigations for women who had chronic anovulation without obvious clinical manifestation.

17-OHP, 17-hydroxyprogesterone; ADD,

androstenedione;

CAH, congenital adrenal hyperplasia; DHEAS,

dehydroepiandrosterone sulfate; E2, estradiol; FSH, follicle-stimulating hormone; FI3, free triiodothyronine; FT4, free
thyroxine; PCOS, polycystic ovary syndrome; PRL, prolactin; TSH, thyroid-stimulating hormone.

Table1 Causes of chronic anovulation among 293

women
Anovulation cause No. (%)
Polycystic ovary syndrome 215 (73.38)
Prolactin disorder 39 (13.30)
Hyperprolactinemia 14 (35.9)
Pituitary microadenoma 14 (35.9)
Pituitary macroadenoma 11 (28.2)
Idiopathic chronic anovulation 22 (7.51)
Thyroid disorder 7 (2.40)
Subclinical hypothyroidism 2(28.6)
Hypothyroidism 1(14.2)
Hyperthyroidism 2 (28.6)
Hashimoto thyroiditis 2 (28.6)
CAH 4(1.37)
Non-classical CAH (2) 2 (50.0)
Heterozygous CAH (2) 2 (50.0)
Adrenal tumor 2 (0.68)
Cushing’s syndrome 1(0.34)
Indefinite diagnosis 3(1.02)

CAH, congenital adrenal hyperplasia.

There were 171 patients who had a minimum of a
6-month follow-up period. Three of them had a
changed diagnosis due to changes in the laboratory
investigation results, as shown in Table 2.

Of the 282 patients who were tested for serum
17-hydroxyprogesterone (17-OHP), 19 patients had
high levels. Almost all of these 19 patients also had a

© 2015 The Authors

high level of androstenedione and/or total testoster-
one. Only one patient had a high level of 17-OHP with
normal levels of testosterone and androstenedione. It
has not been possible to follow-up this patient, so the
diagnosis is still indefinite. There were 16 patients with
a high serum DHEAS level, but only five of them had
DHEAS levels of more than 11.65 umol/L with no
other androgen excess.

Some of the PCOS patients had a high serum LH
level (26.5IU/mL). The sensitivity of serum LH to
diagnose PCOS was 29.38% with the specificity at
55.56% (P =0.03). An LH/FSH ratio >3 had a sensitiv-
ity of 18.56% and 92.86% specificity (P =0.03) in the
diagnosis of PCOS.

Among 39 patients who had prolactin disorder, there
were none with hyperandrogenism. However, two
cases of hyperthyroidism had PCOS and elevation of
serum total testosterone.

As a result of the data collected, the anovulation
evaluation algorithm illustrated in Figure 2 was pro-
posed. The 17-OHP and DHEAS could be delayed to
the second steps of anovulation evaluation after ADD
and testosterone assessment to save the cost of labora-
tory investigation. However, it was found that this
algorithm flowchart did not appropriately diagnose six
patients, leaving the sensitivity to reveal the cause of
anovulation at 97.27%. We strongly suggest that this is
a cause for concern and re-evaluation to establish the
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Table 2 Change in diagnosis of three out of 171 patients who had at least a

6-month follow-up period

Provisional diagnosis Definite diagnosis Time of
change
(month)
Pituitary microadenoma Adrenal adenoma 24
PCOS Late-onset CAH 6
Chronic anovulation PCOS 8

CAH, congenital adrenal hyperplasia; PCOS, polycystic ovary syndrome.
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Figure 2 Diagnostic algorithm for women who had chronic anovulation without obvious clinical manifestation. 17-OHP,
17-hydroxyprogesterone; ADD, androstenedione; CAH, congenital adrenal hyperplasia;, DHEAS, dehydroepian-
drosterone sulfate; E2, estradiol; FSH, follicle-stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; PCOS,
polycystic ovary syndrome; PRL, prolactin; TSH, thyroid-stimulating hormone.

correct diagnosis and management should be carried
out for some patients.

Discussion

PCOS is the most common cause of anovulation among
infertile women - the prevalence is as high as 70%;
hence, chronic anovulation has been one of the most
indicative diagnostic criteria of PCOS.* PCOS patients
have various clinical manifestations, including meta-
bolic or reproductive phenotype.” However, PCOS is a
disease diagnosed by exclusion. The whole battery of
investigations for other causes of anovulation needs to
give negative results before it is possible to diagnose

patients as having PCOS.” These investigations are
pelvic ultrasonography, serum levels of FSH, estradiol,
thyroid function test, prolactin, testosterone and andro-
stenedione and dexamethasone suppression tests for
Cushing’s assessment. The DHEAS evaluation is neces-
sary to help reveal the origin of androgen excess from
the adrenal gland, whilst 17-OHP is needed to exclude
congenital adrenal hyperplasia.*®” From this study,
prolactin and thyroid disorders were the second and
fourth most common causes of anovulation. So, the
tests for these two disorders are essential in the assess-
ment of women with anovulation.””" The ADD and
testosterone tests might not be available in every hos-
pital, especially in primary health-care settings. Thus,
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TSH and PRL assay will probably need to be the first
step of anovulation evaluation in these circumstances,
followed by ADD and testosterone level assessment as
the second steps. The hyperandrogenism clinical mani-
festation is not obviously seen among some ethnic
groups, especially Chinese and Thai women, who may
have hair follicles that are less sensitive to androgens
regarding 5-alpha reductase enzyme.”'® The mean
Ferriman-Gallwey score of Thai PCOS women is only
5.43 £ 6.2.° So, androgen evaluations in East and South
East Asian women may not be significant with just the
Ferriman-Gallwey score. The serum androgen level
would also need to be assessed.

CAH is an autosomal recessive disease. The CAH
disorder prevalences are 1:282, 1:28 000 and 1:7244-
1:23 344 among Yupic Eskimos, Chinese and Cauca-
sians, respectively.”? The CAH prevalence increases
to 2.2-5% among patients with hyperandrogenism."*"
There has been no previous study regarding CAH
prevalence in Thai women. This study reveals that the
prevalence of CAH-related problems amongst Thai
anovulation women is 1.4%. The prevalence increases
up to 2.58% among Thai women with hyperan-
drogenism. Although CAH exclusion is necessary in
anovulation evaluation, 18 out of 19 patients who had a
rising 17-OHP serum level also had a high serum level
of ADD and/or total testosterone. Indeed, 17-OHP
might be evaluated after a high serum level of ADD
or testosterone and hence will reduce the cost of
exploratory investigations.

Some studies have proposed that levels of LH are
good indicators when diagnosing PCOS. The elevation
of LH to being 26.5 IU/L had a sensitivity of 84% and
specificity of 78%.* This study found that both the LH
level and LH : FSH ratio had a low sensitivity for PCOS
diagnosis using the Rotterdam criteria, results similar
to other studies.”*

The conclusions regarding the prevalence of condi-
tions causing anovulation in this study were based on
anovulatory women who attended a gynecology out-
patient clinic in a university hospital. Other women
suffering anovulation who had obvious clinical mani-
festations, such as galactorrhea or palpitation, were
easily diagnosed by direct investigation with prolactin
and thyroid function tests and were not included in
this study. Among 293 patients who had a positive
progesterone challenge test, there was no premature
ovarian failure. This disease usually presents with a
negative progesterone challenge test, and these cases
were not included in this study. However, the results of
this study lead to a recommendation that a serum FSH

© 2015 The Authors

Disease-causing chronic anovulation

and estradiol evaluation is carried out after all tests
reveal a negative result because very early premature
ovarian failure patients may still have a positive pro-
gesterone challenge test, but the number of patients in
this study might not be enough to identify this rare
circumstance.

There was a change of diagnosis in three patients
who were included in this study. Due to these findings,
it is recommended that a re-investigation of anovula-
tion patients should be carried out at least once a year,
especially for those who have treatment failure. The
diagnosis of PCOS or chronic anovulation might be
just an intermediate diagnosis for diseases with slow
progress.

Although a complete set of investigations is neces-
sary to identify the cause of chronic anovulation, espe-
cially in cases that do not have obvious clinical
manifestations of specific diseases, expensive labora-
tory tests might not be cost-effective in some develop-
ing countries. So, it is suggested that an investigation
flowchart, as shown in Figure 2, is used to inform the
diagnosis of the conditions causing anovulation.
However, this algorithm needs to be applied carefully,
because 2.72% of the patients may not have a definite
diagnosis. Close follow-up of the clinical manifesta-
tions and treatment outcomes, including re-evaluation,
is necessary. Further study on cost-effectiveness and
application is needed in a future study, which could be
carried out prospectively.

This retrospective study collected the data from the
patients in a university hospital, thus the disease-
causing anovulation prevalence might not be reflected
across the whole of the general population.

In conclusion, the common causes of anovu-
lation in this study were PCOS, prolactin disorders
and undiagnosed chronic anovulation. Serum levels of
androstenedione, testosterone, TSH and prolactin
and pelvic ultrasonography should be the initial
investigations for anovulation. The 17-OHP and
DHEAS examinations can be the secondary anovula-
tion evaluations in a medical unit with limited
resources.
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ABSTRACT
Title: The prevalence of conditions causing chronic anovulation and the proposed

algorithm for anovulation evaluation

Author’s names: Pitch Chandeying MD*, Tawiwan Pantasri MD* (*Department of
Obstetrics and Gynecology, Faculty of Medicine, Chiang Mai University,
Chiang Mai, Thailand)

Objective: This study investigated the prevalence of disease-causing chronic anovulation
and proposes a logical investigation flow chart to facilitate diagnosis in
women presenting with chronic anovulation.

Study design: A cross-sectional retrospective study

Setting: The Gynecologic Endocrinology Unit, Faculty of Medicine, Chiang Mai
University
Subject: 293 reproductive age women who were diagnosed with chronic anovulation,

between January 2008 and December 2012.

Intervention: The demographic data,laboratory investigations and diagnoses were collected.

Main outcome measures: The prevalence of conditions causing chronic anovulation

Results: The common causes of anovulation were polycystic ovary syndrome (PCOS)
(73.4%), prolactin disorder (13.3%) and idiopathic chronic anovulation
(7.5%). The less common causes were thyroid disorders, congenital
adrenal hyperplasia, adrenal tumors and Cushing’s disease. There was a
strong positive association between the levels of 17-hydroxyprogesterone
and/or dehydroepiandrosteronesulfate with the levels of testosterone and
androstenedione. The sensitivity and specificity of serum luteinizing hormone
(LH) to accurately diagnose PCOS were 29.38% and 55.56% (P = 0.03). The
LH/FSH ratio > 3 had a sensitivity and specificity at 18.56% and 92.86% (P
=0.03) for PCOS diagnosis.

Conclusion: Serum androstenedione, testosterone, thyroid stimulating hormone, prolactin
levelsand pelvicultrasonography should be included inthe initial investigations
for anovulation. The 17-hydroxyprogesterone and dehydroepiandrosterone
sulfate levels can be used for secondary anovulation evaluations.

Keywords: Amenorrhea, Anovulation, Congenital adrenal hyperplasia, Oligomenorrhea,
Polycystic ovary syndrome
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Polycystic ovarian syndrome 215 73.38
Prolactin disorder
B Hyperprolactinemia 14 4.78
B Pituitary microadenoma 14 4.78
B Pituitary macroadenoma 1" 3.74
Idiopathic chronic anovulation 22 .51
Thyroid disorder
B Subclinical hypothyroidism 2 0.68
B Hypothyroidism 1 0.34
B Hyperthyroidism 2 0.34
B Hashimato thyroiditis 2 0.68

Congenital adrenal hyperplasia

B | ate onset CAH/Non-classical CAH 2 0.68
B Heterogenous CAH 2 0.68
Adrenal tumor 2 0.68
Cushing disease 1 0.34
Indefinite diagnosis 3 1.02

FIU 293 100
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Pituitary microadenoma Adrenal adenoma 24
PCOS Late onset CAH 6
Chronic anovulation PCOS 8

dUnesuIn 282 5197 165Un159579 S¥iU 17-0HP fi51wan 19 5187 17-OHP gundnsssuund
uaslunguiliiiies 3 sefissdiuguiieodnfien Tas 2 T 3 599 wudssdiundugunindonsiafianny
10 1 uae 5 dou awdiu Tusnisfiauiinde wionsiafaniu 1 @ou nuiissdudonogonitung Tas
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M5 @1 LH 31nni1mseminiu 6.5 1U/ml Tungu PCOS waz ngy Non-PCOS WuInidnuin 75
Uz 28 S18AINAIAU (Sensitivity = 29.38% Specificity = 55.56% PPV = 72.81% NPV = 18.22%
Accuracy = 36.60%) waz A1 LH:FSH ratio T4 @1%Sunsth 81nn3wsemnfiv 3:1 8391494 44 uae 4
318 AINRIGU (Sensitivity = 18.56% Specificity = 92.85% PPV = 91.66% NPV = 21.22% Accuracy
— 32.76% ) Fums0i 3

A15797 3 ugAYAITNLY War AITNINWIE 989 Serum LH wag Serum LH/FSH ratio

_ ﬂ']qﬂl'] (%aﬂag) ﬂqquﬁqlqu (§ﬂﬂag)

Serum LH (> 6.5 IU/ml) 29.38 55.56

Serum LH/FSH ratio (>3:1) 18.56 02.86
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AAUEBIANDFuduRunsIu, FSH, Estradiol, TFT, PRL, testosterone, androstenedione, 17-OHP,

2,10

DHEAS uaz dexamethasone suppression test 10udn “'” 91nuanisigenudn Tsaszaulusuanfingo
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Thyroid stimulating hormone (TSH) 0.27- 4.2 pU/ml
Free thyroxine (FT4) 11.68 - 21.88 pmol/L
Free triiodothyronine (FT3) 2.77 - 7108 pmol/L
Prolactin 015 - 1.09 nmol/L
Total testosterone 0.21 - 27.76 nmol/L
Androstenedione 140 - 942 nmol/L
Dehydroepiandrosterone sulfate (DHEAS) 0.95 - 11.65 pmol/L

1°(-hydroxyprogesterone (17-OHP) 0.61 - 1212 nmol/L
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Chairperson, Faculty of Medicine

GENERAL CONDITION OF APPROVAL:

e Please refer to www med.cmu.ac thiresearch/ethics/iny. sop_announce.pdf article 13.

® Please submit the progress report at least once @ year except where required more frequent hy
the REC.
® | particular, approval of this study must be renewed at least three months before the
expiration date if-work is to continue.
® Prior Research Ethics Committee approval is required before implementing any changes in the
consent documents or protocol unless those changes are required urgently for the safely of
subjects. .
® Any event or new information that may offect the benefit/risk ratic of the study must be
reported Lo the REC promptly

® Any protoco! devigtionfviolation must be reported to the REC




