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Abstract

OBJECTIVES: Hyperprolactinemia and polycystic ovary syndrome (PCOS) are
on the list of the most frequent causes of female infertility. Both pathologies are
characterized in common by several clinical features. At the same time, there
are essential discrepancies in medical literature on mutual relations between
PCOS and hyperprolactinemia. The objective of our study was to answer several
questions, e.g. about frequency of hyperprolactinemia in PCOS patients, typical
concentrations of prolactin (Prl) in PCOS patients vs women without polycystic
ovaries and/or an assessment of circadian Prl level profiles vs single Prl sampling,
as regards diagnostic usefulness.

METHODS: The study was retrospective analysis of medical records of female
patients in whom nine (9) points daily profile of prolactinemia had been per-
formed.

RESULTS: Prl levels appeared to be slightly higher in women without PCOS but
the difference did not reach a border of statistical significance. The incidence
of elevated Prl concentrations in 8:00 AM and 11:00 AM samples was higher in
women without PCOS than in PCOS patients (32.0% vs 16.3% - 8:00 AM, and
8.5% vs 4.6% — 11:00 AM, respectively). Also, elevated mean daily prolactinemia,
assessed as area under the curve (AUC) of Prl concentrations, was more frequent
in the group of women without PCOS than in those with PCOS (22.0% vs 13.9%).
CONCLUSIONS: Polycystic overy syndrome is not associated with higher levels
of Prl, measured in daily profiles. Hyperprolactinemia does not seem to be more
frequent in PCOS women than in healthy subjects and it should not be considered
as characteristic feature of PCOS - both are distinct clinical entities. Prolactin
concentrations should be assessed in each woman with PCOS suspicion because
of certain common clinical signs in both disorders. Every woman diagnosed with
PCOS and hyperprolactinemia should further be examined in terms of the actual
causes of hyperprolactinemia because the coexistence of these two disease entities
- as distinct - is also possible.
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INTRODUCTION

Infertility is nowadays a very important problem, espe-
cially in highly developed countries; it can even be
considered as a disease associated with development of
civilization. Hyperprolactinemia and polycystic ovary
syndrome (PCOS) are on the list of the most frequent
causes of female infertility. Hyperprolactinemia is the
most common pituitary oversecretion syndrome, both
in females and in males. The incidence of hyperprolac-
tinemia — defined as an excess of prolactin (Prl) in blood
above laboratory reference limits — is difficult to assess
because of the frequent lack of direct specific clinical
symptoms or the presence of unspecific signs only. The
prevalence of hyperprolactinemia (evertreated cases), is
estimated on 20 per 100 000 male and approximately 90
per 100 000 female American patients; in women aged
25-34 yrs, the annual incidence of hyperprolactinemia
has been reported to be 23.9 per 100 000 person years
(Melmed et al. 2011). Occurrence of hyperprolac-
tinemia in women presenting with fertility problems
appears to be higher, reaching up to 5-14% (Souter et
al. 2010; Lee et al. 2012).

Polycystic ovary syndrome is one of the most fre-
quently diagnosed endocrinopathies in women. Preva-
lence of the syndrome in women in reproductive age is
estimated in range from 6.5% to 8% (Lujan et al. 2008).
According to currently used Rotterdam Criteria, PCOS
is diagnosed when two (2) out of following three (3)
signs/symptoms are fulfilled:

1. oligo- and/or anovulation;

2. clinical and/or biochemical signs of
hyperandrogenism;

3. polycystic ovaries (Rotterdam ESHRE/ASRM-
Sponsored PCOS consensus workshop group,
2004);

Menstrual disorders, oligo/anovulation and resulting
infertility are clinical features that PCOS and hyperpro-
lactinemia share in common. For that reason, associa-
tions of PCOS with hyperprolactinemia have been an
issue of several studies. Opinions on the relationship of
PCOS and hyperprolactinemia widely vary: from the
recognition of elevated levels of Prl as a disorder char-
acteristic of PCOS on one hand, to the obligatory exclu-
sion of hyperprolactinemia, in order to make a proper
diagnosis of PCOS, on the other.

There have been several possible mechanisms
increasing Prl secretion that may occur in PCOS, as pos-
tulated by different authors. Hyperprolactinemia could
be a consequence of altered dopamine turnover which
might also deteriorate GnRH output, that - in turn -
could result in abnormal ovary function and constitute a
common cause for both PCOS and hyperprolactinemia.
Out of peripheral hormones, the strongest effect have
estrogens, which stimulate the synthesis and secretion
of prolactin, as well as cell proliferation of lactotropic
pituitary cells (Elias and Weiner 1984, Karasek et al.

2006). Consistently with early observations that estro-
gens stimulate Prl release (Ehara et al. 1976, Goh and
Ratnam 1990, Katznelson et al. 1998), elevated estradiol
levels in PCOS could result in increased Prl concentra-
tions. However, currently available data on the role of
estradiol in regulation of Prl secretion in humans, are
controversial (Ben-Jonathan et al. 2008, Egli et al. 2010).
The role of estrogens in excess — a well-known inducer
of experimental prolactinomas in rodents - in humans
has not been proven (Karasek et al. 2006, Ben-Jonathan
et al. 2008). Because of the lack of consent in this matter,
we decided to assess Prl levels in PCOS patients in our
own clinical analysis.
The goals of the study were:

« comparison of Prl concentrations in PCOS
women vs female patients without PCOS;

o assessment of frequency of hyperprolactinemia
in PCOS patients vs women without PCOS;

» assessment of advantage of circadian profile
assessment over single Prl sampling, especially
in PCOS patients.

MATERIAL AND METHODS

The study was retrospective analysis comprising patients
hospitalized in the Department of Endocrinology and
Metabolic Diseases, Polish Mother’s Memorial Hospital
- Research Institute, Lodz, Poland. The medical reports
of female patients hospitalized for various reasons in
the above Department were analysed. One hundred
twenty seven (127) women were enrolled in whom
circadian profile of Prl had been assessed. Among the
study group, PCOS patients were selected, according to
the diagnosis given in the reports. In our Department,
PCOS is diagnosed, basing on The Rotterdam Criteria
2003. The diagnoses established earlier were not veri-
fied again for the analysis in the current study. Women
with diagnosed pituitary tumors of prolactinoma type,
and those receiving medications increasing Prl produc-
tion and release from the pituitary were excluded from
the analysis.

The routine procedure of Prl profile assessment in
our Department included nine (9) Prl concentration
assessments, every three (3) hours: 8:00 AM, 11:00
AM, 2:00 PM, 5:00 PM, 8:00 PM, 11:00 PM, 2:00 AM,
5:00 AM and repeatedly 8:00 AM. The blood samples
had been obtained from cubital vein, using previously
inserted cannula.

The Prl was assayed by electrochemiluminescence
immunoassay method, using commercial “ECLIA” kit
on cobas immunoassay analyzer, with the apper normal
limit of prolactinema assayed by this method - 29 ug/1.

The area under the curve (AUC) of Prl concentrations
was calculated in order to assess mean daily Prl secre-
tion. The upper limit of AUC was assumed to be equal
to 696. This value was calculated by substitution of 29
into the formula for AUC calculation and corresponded
to the mean circadian Prl concentration of 29 ug/l. It

Copyright © 2015 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



is noteworthy that the upper limit value of 29 ug/l, as
accepted by us and by some other authors in non-preg-
nant females (Oner 2013), has been settled in order to
avoid overdiagnosis of hyperprolactinemia in cases of
accidental elevations of borderline Prl concentration.
Below, we present the formula for AUC calculation:

AUC=0.5 * (time between consecutive Prl assessments [h]) *
(Prlfirst time point +22 Prlintermediate time points + Prllast time point)

In our study, blood samples for Prl concentration
assessment were collected every 3 hours, thus the for-
mula was:

AUC:1.5 * (PT’lfmt time Point + 2 Z Pi’l
Prllast time point

intermediate time points +

RESULTS

In the entire study group of 127 females, mean age was
27.69+8.69 years (mean+SD; median value — 26 years),
BMI - 25.78+6.45 kg/m? (median value - 24.5 kg/m?2).
In this group, PCOS was diagnosed in 43 women. The
PCOS subgroup age was 24.02+5.89 years (median
- 23 years) and BMI - 25.39+5.89 kg/m? (median —
25.6 kg/m?). In the subgroup of women without PCOS,
mean age was 29.57+9.2 years (median value - 27
years), BMI - 25.98+6.75 kg/m? (median - 24 kg/m?).
The difference of age between the PCOS subgroup
and the remaining women was statistically significant,
p<0.05, namely, PCOS patients were younger.

Because of possible influence of age on Prl secretion
and Prl concentrations, the group of women without
PCOS was adjusted according to the age to the PCOS
group for further comparison. Out of 84 women with-
out PCOS, 59 subjects were enrolled to the final com-
parison, aged 25.24+5.36 years (median - 24 years). The
value of BMI in the PCOS-free group - after adjust-
ment according to the age — was 24.52+5.35 kg/m? and
it did not differ significantly from BMI in the PCOS
group (p>0.05).

The Prl concentrations in 9 particular time points
and AUC of Prl concentrations in PCOS and PCOS-
free groups were compared. None of the values differed
significantly (Table 1). The mean daily Prl secretion cal-
culated as AUC of Prl concentrations also did not differ
significantly between groups, being 580.62+236.17
(551.81) in women without PCOS and 516.55+249.99
(453.17) in PCOS group (Figure 1).

The number of patients that could be diagnosed as
“hyperprolactinemia” on the basis of 8:00 AM Prl con-
centration in the group without PCOS was 19 (i.e., 32%
of the group); mean prolactinemia in these subjects was
43.93+15.05 pg/l (median - 42.36 pg/1). In PCOS group
hyperprolactinemia at 8:00 AM was found in 7 subjects
(16.3% of the group), mean prolactinemia in these
subjects was 38.71+£10.69 pg/l (median - 36.28 ug/l).
According to the assessment of prolactinemia at
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11:00 AM in the PCOS-free group only 5 hyperprolac-
tinemic subjects were found (8.5% of the group) with
mean Prl concentration 39.18+15.22pug/l (median -
32.9ug/l). In PCOS group prolactinemia over 29 g/l
at 11:00 AM was found only in 2 subjects (4.6% of the
group) — in one of them - 29.3 ug/l and in the second
one - 54.9 pg/L

The area under the curve of Prl concentrations
above 696, indicating hyperprolactinemia, was found
in 13 subjects (22% of the group) without PCOS.
Mean daily Prl secretion was 913.95+235.78 (median
- 813.390). In the PCOS group, AUC above 696 was
found in 6 subjects (13.9%). Mean daily Prl secretion
was 1019.73+281.96 (median — 933.02).

The cumulative linear plots of Prl concentrations in
both groups during 24 h are presented in the Figure 2.

DISCUSSION

Polycystic ovary syndrome and hyperprolactinemia
are both common causes of secondary amenorrhoea
in women being in reproductive age. The studies on

Tab. 1. Prolactin concentrations in women without PCOS and in the
group of PCOS patients during daily profile.

Prl concentration [pg/I]

Time meanxSD (median value)

Women without PCOS  PCOS patients
8:00 AM 26.83+14.95(23.21)  22.07+10.04 (21.0) p>0.05
11:00 AM 15.14£10.06 (12.05)  13.88+8.65 (11.69)
2:00 PM 17.15£15.39 (12.3) 14.52+9.44 (12.0)
5:00 PM 19.59+12.47 (15.2) 16.80+11.45 (13.9)
8:00 PM 22.12+17.41 (18.1)  18.93+12.61 (14.22)
11:00 PM 21.61£11.15(19.99)  20.03+12.47 (16.0)
2:00 AM 37.12+17.19 (34.62)  35.55£20.26 (30.91)
5:00 AM 32.53£15.13(29.7) 32.41+16.52 (25.6)
8:00 AM 29.72+17.19(26.43)  26.08+11.40 (25.0)
second day

AUC of circadian prolactin concentrations

1600

1200

800

| * | |
400 [ ]
1
0 .
without PCOS PCOS

Fig. 1. Comparison of AUC (areas under curve) of Prl concentration
in women without PCOS and in the group of PCOS patients.
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Women without PCOS

8:00 11:00 2:00 5:00 8:00 11:00 2:00 5:00 8:00
AM AM PM PM PM PM AM AM AM

Patients with PCOS

8:00 11:00 2:00 5:00 8:00 11:00 2:00 5:00 8:00
AM AM PM PM PM PM AM AM AM

Fig. 2. Cumulative daily profiles of Prl concentrations in women without PCOS and in the group of PCOS patients.

mutual relationships between PCOS and hyperprolac-
tinemia bring many controversial results.

In this study, we have analysed prolactinemia at 8:00
AM, as well as at 11:00 AM and AUC of Prl concentra-
tion. It has been observed by us that significant propor-
tion of patients have Prl concentrations above the upper
limit of the reference range at 8:00 AM and normal pro-
lactinemia later on during the day (Lewandowski et al.
2005, Szosland et al. 2015 - in press).

The AUC appears the most reliable tool of circadian
prolactinemia assessment. The cumulated curves of
Prl concentrations confirm that 8:00 AM fasting pro-
lactinemia appears to be higher than any other point
measurement in the daytime. The peak of Prl secretion
occurred in both groups at 2:00 AM and it was in con-
cordance with findings of other authors and with well-
established circadian Prl rhythm (Kok et al. 2006).

No significant difference between prolactinemia in
women with PCOS and those without PCOS was found
in our study. The Prl concentrations appeared slightly
higher in the group without PCOS but no statistical
significance was recorded. In the group in question,
Prl concentrations were much more dispersed than in
the PCOS group. This observation could be foreseen,
as the group without PCOS included representation of
women with various pathological conditions, while the
PCOS group was much more homogenous. The only
heterogeneity in this group could possibly be depen-
dent upon different subtypes/presentations of PCOS
that - however — were not distinguished in our study.
We did not verify PCOS diagnoses established earlier,
neither we did analyse which out of obligatory signs/
symptoms (acc. to Rotterdam criteria) were present in
the particular subjects involved in the study.

In the present study, the mean age of women with-
out PCOS turned out to be a bit older than the mean
age of patients with PCOS, while - as mentioned
above, in subdivision “Results” — mean Prl concentra-
tions in PCOS-free group were higher than in women
with PCOS. Keeping in mind that Prl levels in women
decrease steadily with age (Vekemans and Robyn
1975), data juxtaposition, i.e. slightly lower Prl levels in

younger PCOS group - speaks against relation between
PCOS and hyperprolactinemia. Nevertheless, in spite of
adjustment of PCOS-free group according to the age to
the PCOS women, still the mean daily Prl secretion cal-
culated as AUC was slightly higher in women without
PCOS (however, no statistical difference was recorded,
Figure 1).

Similarly to us, also the Taipei authors found no
statistical difference between prolactinemia in women
with PCOS and without PCOS; though, they hypoth-
esized reverse relation - frequent occurrence of PCOS
in hyperprolactinemic women (Su et al. 2011).

The occurrence of Prl serum concentrations above
the upper reference limit in our study was higher in
women without PCOS than in PCOS group. The inci-
dence of hyperprolactinemia in our PCOS patients was
similar to that found by Filho et al. (2007). We agree
with opinion of these authors that PCOS patients with
increased Prl levels should be investigated for other
causes of hyperprolactinemia, because hyperprolac-
tinemia is not a clinical manifestation of PCOS. In
the study on young women with menstrual disorders
(Lee et al. 2012), prevalence of hyperprolactinemia in
PCOS subjects, diagnosed according to the Rotterdam
criteria, was 7.9% and appeared lower than that found
in our study (13.9%), which can reflect the differences
between examined populations.

The opinions about relations of PCOS and hyperp-
rolactinemia in current scientific literature are discrep-
ant. There were authors who suggested that functional
hyperprolactinemia could occur even in 25% of women
with PCOS (Amzar et al. 2013); in the light of our pres-
ent results, we cannot confirm that observation.

Association between PCOS and hyperprolactinemia
can sometimes be clinically difficult to analyse, as
hyperprolactinemia and hyperandrogenism can occur
quite independently; moreover, sometimes the evalua-
tion is even more complicated as it takes place in mac-
roprolactinemia states (Taghavi and Sedigheh 2008).
Certainly, the relation between PCOS and hyperprolac-
tinemia is not fully understood and it remains a topic
of debate.
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It has been speculated whether the increased level
of androgens in hyperandrogenic-hyperprolactinemic
women is the cause or the consequence of hyperpro-
lactinemia. Hyperandrogenism has been considered to
be the cause, since it has been hypothesized that andro-
gens have the potential to weaken the hypothalamic
dopaminergic tone; in certain clinical circumstances,
hyperandrogenism can be secondary to hyperprolac-
tinemia (Finken et al. 2013).

Herein, the observation by Schroeder et al. (2004)
should be recalled who found lower fasting prolac-
tinemia in PCOS patients with altered reaction to hyper-
glycemia (lack of decrease of prolactinemia observed in
healthy group) and hypoglycemia (significant increase
to values almost 10 times above the baseline).

In our opinion, hyperprolactinemia in PCOS syn-
drome is not so frequent disorder. Before it is consid-
ered to be a consequence of hyperandrogenemia, all
other possible reasons of elevated Prl concentrations
have to be excluded. It is to be stressed the diagnosis
of PCOS does not exclude possibility of simultaneous
prolactinoma existence (Yavasoglu et al. 2009).

If hyperprolactinemia is not a clinical manifestation
of PCOS, it means that the patients with PCOS and
increased Prl levels should be investigated for other
causes of hyperprolactinemia (Agbaht et al. 2009). Our
results support such a point of view.

In the present study, subjects receiving any medica-
tion of known potential to increase prolactinemia have
been excluded. However, it is possible that in some
cases the high prevalence of hyperprolactinemia in
PCOS may be a result of medication affecting process
of Prl secretion.

In summary, we can draw the following conclusions:

1. Incidence of hyperprolactinemia in PCOS
women is not more frequent in comparison
to women without PCOS; thus, hyperprolac-
tinemia should not be considered a feature of
polycystic ovary syndrome, as both are distinct
clinical entities.

2. The possibility of prolactinemia should be
taken into consideration in every woman with
suspicion of PCOS, because of some common
clinical signs of both disorders.

3. Each subject with diagnosed PCOS and hyper-
prolactinemia should be diagnosed towards
other reasons of hyperprolactinemia because
the coexistence of these two pathological con-
ditions is possible.
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