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Abstract

Hyperprolactinemia is a frequent presentation in case of patients with infertility. As many as 15-20% of women having
irregular cycles possess hyperprolactinemia. Repression of the hypothalamo-pituitary-ovarian(H-P-O)axis through hampering
of liberation of pulsatile gonadotropin-releasing hormone in view of hyperprolactinemia is a frequent endocrine cause of
infertility. Previously we had reviewed prolactinomas in infertility as well as how do we treat prolactinomas in infertility
in 2003&2005& highlighted the structure of macroprolactin besides treatment aspect. 3 kinds of human Prolactin(Prl)
are existent-namely monomeric Prl, dimeric Prl as well as macro-Prl. Macro-Prl alias big-big Prl possesses a molecular
weight(MW) of >150 kDa in addition to is implicated for 5-10%of circulating Prl in healthy subjects. In case of major kind of
circulating Prl is macro-Prl, a diagnosis of macroprolactinemia gets established of the patients having hyperprolactinemia 10-
46% possess macroprolactinemia. In view of the need of ruling out a pituitary prolactinoma on finding escalated quantities of
Prl-routinely as reproductive endocrinology & Infertility specialists(REI) we have a tendency of getting an imaging either as a
CTScan or magnetic resonance imaging(MRI) for the same. However with the major work of the group of Hattori N, in the last
2-3 decades it has been emphasized how we need to first confirm that we don’t have macro- Prl for avoidance of unindicated
investigations in case of macroprolactinemia leading to escalated blood tests, imaging as well as dopamine agonists treatment
which puts extra burden of cost& stress of a tumor on the patients in case of this benign disorder.

Keywords: Prolactin(Prl); Macroprolactin; Hyperprolactinemia; Macroprolactinemia; Pituitary Imaging

Abbreviations: Prl: Prolactin, MW: Molecular Weight;
REI: Reproductive Endocrinology & Infertility; MRI: Magnetic
Resonance Imaging; BBB: Blood Brain Barrier; PCOS: Poly
Cystic Ovary Syndrome.

Introduction

Prolactin(Prl) gets secreted by the anterior pituitary as
well as possesseskindsin the circulation [1-3]. Monomeric Prl
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possesses a molecular weight(MW) of 23 kDa in addition to
is implicated for 89% of the full immunoreactive Prl, dimeric
Prl possesses a MW of 48-56kDa as well as constitutes 5-10%
along with macro-Prl possessesa MW>150 kDa in addition to
is implicated for 5-10%of circulating Prl in healthy subjects
[1-4]. The basic kind of Prl in healthy subjects in addition
to patients having Prolactinoma is monomeric Prl [2,5,6].
Dimeric Prl comprises of glycated monomers which generate
clusters along with are benign clinically [7,8]. Macro-Prl

] Gynecol


https://medwinpublishers.com/OAJG
https://portal.issn.org/resource/ISSN/2474-9230#
https://medwinpublishers.com/
https://doi.org/10.23880/oajg-16000273

comprises of antigen-antibody complexes of monomeric
Prl as well as immunoglobulins, basically (IgG) [2,9,10].
Despite, lesser frequent, other non IgG kinds of macro- Prl
are inclusive of complexes of monomeric Prl with IgA/ IgM,
substantially glycated monomeric Prl or covalently bound
monomeric Prl [2]. Routine Prl assays do not possess the
capacity of differentiating these three3 kinds of Prl in the
circulation [1].

Previously we had reviewed prolactinomas in infertility
as well as how do we treat prolactinomas in infertility
in 2003&2005 [11,12]. Thus here we tried to emphasize
in this minireview the recently appreciate significance
of macroprolactinemia in being subjects implicated in
biogeneration ofprolactinomas or any impact on fertility.
Here we have tried to update how unnecessary imaging as
well as dopamine agonists treatment can be avoided.

Hyperprolactinemia: Causes Along with

Assessment

Hyperprolactinemia takes place physiologically at the
time of pregnancy, lactation, stress, sleep, intercourse, nipple
stimulation in addition to exercise [3,5,9]. Pathological
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reasons of hyperprolactinemia are inclusive of Prl secreting
pituitary adenomas, hypothalamic tumors for instance
craniopharyngiomas as well as infiltrating diseases (for
instance sarcoidosis, histiocytosis), pituitary stalk injury,
hypothyroidism, lesions on the chest wall (breast surgeries,
herpes zoster) hepatorenal conditions, dopaminergic
medicines (antipsychotics, prokinetic drugs), ectopic Prl
generation (for instance renal cell carcinoma, ovarian
teratomas), in addition to macroprolactinemia [2,3,5,9]. The
major kinds of Prl in the circulation are monomeric Prl [2]
of the general population, 0.2-0.4% of females as well as
0.0-4.48% males are having hyperprolactinemia of which
10-46% are having macroprolactinemia [2-4,6,7,9,10,13-
18]. Avoidance of severe exercise along with breast nipple
stimulation is advocated for a minimum of 30’ prior to
assessment of serum quantities of Prl [3]. Thereby need for
reassessment of Prl quantities is there in case of escalated Prl
quantities are encountered (Prl quantities greater than upper
limit of normal (20-25ng/ml) based on the laboratory on 2
different times [3]. Thereby need for reassessment minimum
onetime exists [5]. Nevertheless, in case of escalated Prl
quantities greater than100ng/ml, one Prl determination is
enough for making the diagnosis of Hyperprolactinemia [3]
(Table 1).

Serial Pl_tultary Hyp(_)thalamlc Neurogenic Others Idiopathic Medications
number Diseases Diseases
Empty Sella - . Breast nipple . . : -
1 Pituitary stalk section : . Cirrhosis Lesions Phenothiazines
Syndrome stimulation
2 Prolactinomaas Meningiomas Ches.t wall Pseudocyesis Reserpine
lesions
. Spinal cord Chronic renal .
3 Acromegaly Dysgerminomas lesions failure Metoclopramide
Cushinge’s L Tricyclic
4 Disease Vascular Hypothyroidism antidepressants
: Adrenal .
5 Lymphocytic Other tumors Insufficiency Haloperidol
6 Hypophysitis sarcoidosis Methyldopa
Neuraxis irradiation monoamine
oxidase inhibitors
3 Non secreting Pituitary Amoxepin
adenomas
9 Craniopharyngeomas Cocaine
10 Verapamil
11 Fluoxetine

Table 1: Causes of Hyperprolactinemia.

Structure of Macroprolactin (Macro- Prl)

Macroprolactin is constituted of complexes of
monomeric Prl as well as immunoglobulins of these
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maximum macro-Prl (87%) is comprised of monomeric Prl
which forms complexes with IgG [3,9,19,20]. Out of these
kinds of Prl-IgG complexes maximum (67%) implicates anti
Prl- autoantibodies (Figure1).
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Figure 1: Courtesy ref no-21-Macro-PRL consists of
monomeric PRL complexed withIgGand nonIgGantibodies.
The majority of macro-PRL (87%) consists of monomeric
PRL-IgG complexes. Among the monomeric PRL-IgG
complexes, 67% consist of anti-PRL autoantibodies.

J

It has been posited regarding the presence of genetic
susceptibility to post-translational modifications of
monomeric Prl for instance, glycosylation as well as
phosphorylation, stimulates the generation of auto antibodies
to the newer epitopes [3,22]. A significant positive association
amongst titres of anti Prl —autoantibodies in addition to
serum Prl quantities, which corroborates this posit with
regards to anti Prl - autoantibodies are the etiological factors
for macroprolactinemia [9,14]. Furthermore, macro-Prl has
been with isolated from the cord blood from the mother
possessing macroprolactinemia pointing that passive
transfer of Prl- IgG complexes takes place [14].

The negative feed back loop hypothalamic - anterior
pituitary does not work normally in subjects having
macroprolactinemia. Normally Prl possess the capacity of
crossing blood brain barrier (BBB) followed by binding
to Prl- receptors on the tubero infundibular cells of
thehypothalamus, which liberate dopamine in addition
to result in reduction of the escalated quantities of Prl
liberated from the anterior pituitary [20]. Nevertheless,
in view of Prl- IgG complexes having a MW>150 kDa do
not possess the capacity of crossing the BBB for gaining
accessibility to Prl- receptors on the tubero infundibular
cells of the hypothalamus; thus escalated quantities of Prl
found in macroprolactinemia do not possess the capacity of
resulting in the down regulation of monomeric Prl secretion
from the anterior pituitary [9,13,14,20]. Instead in patients
having macro- Prl in the form of the main kind of Prl in the
circulation, monomeric Prl usually possess the capacity of
sustenance of the normal Prl quantities [9,14].
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Onemore sequelae ofthe macro- Prl’senhanced MW>150
kDa is diminished filtration from the glomeruli along with
diminished renal clearance in contrast to monomeric Prl
[2,3,14,21]. This results in >serum quantities of macro-
Prl, thereby hyperprolactinemia. The hyperprolactinemia
secondary to macroprolactinemiais dependent on postponed
clearance of macro- Prl instead of escalated generation of Prl

[3].

Actual Hyperprolactinemia along with
Macroprolactinemia Clinical Manifestation

The canonical symptoms correlated with monomeric
Prl or actual hyperprolactinemia in case of women are
irregularperiods, amenorrhea in addition to galactorrhea
[4,11]. Nevertheless, in men hyperprolactinemia is
correlated with diminished libido, impaired erection as
well as galactorrhea [11]. These actions take place from
the hampering actions of Prl on liberation of pulsatile
gonadotropin-releasing hormone from the hypothalamus
hampering of kisspeptin neurons that express Prl receptors
along with stimulatory actions on mammary cell proliferation
[2]. Thirunavakkarasu K, et al. [1], illustrated that patients
having macroprolactinemia possess the lesser capacity
in contrast to patients with actual hyperprolactinemia to
manifest irregularperiods as well as galactorrhea,14% vis
a vis 46%; p<0.008 in addition to 5% vis a vis 30%; p=0.1
respectively. These observations of reduction in symptoms
in case of patients having macroprolactinemia in contrast
to actual hyperprolactinemia have been reproduced in
other studies [4,15,18]. The blunted phenotype of patients
having macroprolactinemia is dependent on the lesser
bioavailability of macro- Prl in contrast to monomeric Prl
[3]- Prl - autoantibodies as well as Prl receptors binding
takes place in the akin sites of Prl molecules [9]. Thereby,
it has been hypothesized that Prl-autoantibodies existent
in patients having macroprolactinemia have competitive
actions with Prl receptors with regards to binding of free
Prl [9]. Furthermore, macro- Prl is generally restricted
to vascular spaces in view of its greater MW, thereby, its
incapacity of gaining accessibility to its target organs for
instance pituitary along with hypothalamus [2,3,12,20,21].
It has been posited that lesser oligomenorrhea along with
galactorrhea felt by patients having macroprolactinemia are
in view of transitory disassociation of monomeric Prl from
its immunoglobulins, thereby a short term escalation of
monomeric Prl [2,21].

Numerous patients having macroprolactinemia
possess serum quantities of Prl lesser than100 ng/ml [3].
Nevertheless, remarkable variation of Prl quantities varying
from 20-663ng/ml (average 61+66ng/ml) [3]. An overlap is
existent amongst quantities of Prl in macroprolactinomas,
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microprolactinomas, drug stimulated hyperprolactinemia
along with primary hypothyroidism [3]. Kalsi AK, etal. [18],
illustrated no significant variation in the average quantities of
Prlin case of patients having macroprolactinemia in addition
to actual/true Hyperprolactinemia (137ng/ml vis a vis164
ng/ml p=0.054). With the acknowledgement regarding
overlap of symptoms along with quantities of Prl correlated
with actual/true monomeric hyperprolactinemia in addition
to macroprolactinemia, accurate diagnosis estimation is not
feasible dependent on symptoms or laboratory Prl quantities
by themselves [2,3,6,13,16]. Additionally, a subset of patients
might be having macroprolactinemia in addition to other
reasons of Hyperprolactinemia [2,3,7]. In those patients
having macroprolactinemia who illustrate neurological
signs along with symptoms suggestive of an intracranial
mass are having the requirement of further assessment with
the utilization of pituitary imaging [3]. As many as 26% of
patients having macroprolactinemia possess concurrent
prolactinomas that are usually correlated with enhancement
of monomeric Prl [14,23].

Appropriately isolating the cause of hyperprolactinemia
is of utmost significance in view of considerably significant
variations in the form of management. For instance dopamine
agonists as well as / surgery are utilized for prolactinomas
treatment, Thyroid hormone needs to be supplemented
in case of primary hypothyroidism in addition to omitting
dopamine antagonists if it is secondary to drug stimulated
Hyperprolactinemia [3]. Usually dopamine agonists portray
the first line of treatment with regards to patients having
Hyperprolactinemia [9,rev by us in 10,1]. Nevertheless, once
delivered to patients having macroprolactinemia, there is a
minimum reduction in quantities of Prl [9]. Moreover usually
there is no requirement for treatment of macroprolactinemia
[2,3].

Establishment of Diagnosis of
Macroprolactinemia
Immunoassays

The greatest hurdle in macroprolactinemia diagnosis
is that immunoassays do not possess the capacity of
discriminating monomeric Prl from dimeric Prl, macro-Prl,
or Prl fragments [9,23,24]. This results in incorrect diagnosis
of hyperprolactinemia, unessential imaging of pituitary in
addition to without indication of dopamine agonists delivery
be performed [7,8,10,21,25]. Thereby, it is imperative that
once immunoassays determine escalation of Prl quantities
screening for the existence of macro- Prl [21]. A study
which implicated 6 immunoassays illustrated controversial
Prl quantitiesin patients having macroprolactinemia [25].
Furthermore, an evaluation of the immunoassay pretended
to be minimally reactive with macro- Prl crossreacted with

Kaur KK, et al. An Update on the Clinical Significance of Macroprolactinemia in Infertile Patients
Presenting with Hyperprolactinemia: A Mini Review. ] Gynecol 2023, 8(4): 000273.

Open Access Journal of Gynecology

macro- Prlin 50% of the patients having macroprolactinemia
[10]. These studies highlighted that immunoassays do not
possess the capacity of discriminating macro- Prl from
monomeric Prl. Although Endocrine Society advocated that
there is requirement for screening full lot of patients having
hyperprolactinemia for macroprolactinemia, this practice
has not been adopted at universal level [23,25]. Recently
Mubhtaroglu S, etal. [19], observed that out of assessment of
5007 serum samples for Prl continuously, 900/ 5007(17.9%)
possessed escalated quantities of Prl, with the providers
asking for screening just in 171/900(19%) samples. Out of
the 171 patients who had undergone screening for macro-
Prl by utilization of polyethylene glycol (PEG) precipitation
method, 31 had a diagnosis of macroprolactinemia [19].

PEG Precipitation Method

Precipitation of macro- Prl utilizing PEG refers to
a simple, rapid, available, cheap strategy for screening
for macro- Prl as well as can be contrasted with the gold
Standard gel filtration chromatography [2,7,9,21]. This PEG
results in dehydration of proteins leading to reduction in
solubilization followed by precipitation [24]. On exposure to
PEG immunoglobulins are depleted of their solubility, that
results in precipitation of Prl- IgG complexes in addition to
reduction in quantities of Prl in the supernatant [3,14,20].
With regards to estimation of precipitation of free Prl with
the PEG, a serum sample mixing is performed with 12.5-
25% PEG followed by centrifugation, while one more serum
sample mixing is performed with water for estimation of full
quantities of Prl [9,14]. Subsequently assay of the Prl in the
supernatant is carried out. The proportion of Prl which gets
precipitated by PEG refers to macro- Prl, gets determined in
the form of (full Prl- free Prl) / full Prl x 100 [9]. In case of
proportion of Prl which gets precipitated by PEG is 2 60%
suggesting recovery of monomeric Prlis < 40%, a diagnosis of
macroprolactinemia is made [1,7,9,13,14,16]. The sensitivity
as well as specificity of PEG precipitated Prl are 100% as
well as 94% respectively [20]. Once < 40% recovery of
monomeric Prlis considered to be the cutoff, 3.3% of patients
have a diagnosis of macroprolactinemia made in contrast to
8.8% of patients when utilization of cutoff of < 60% is done
[21]. PEG precipitation method utilization is done in the
form of a screening strategy instead of diagnostic in view
of absence of specificity for macro- Prl [2]. A restriction of
this laboratory method is PEG results in precipitation of
certain Prl- IgG complexes that results in lesser detection
of monomeric Prl, specifically in patients having concurrent
macroprolactinemia in addition to supraphysiological
monomeric Prl [2,21]. Simultaneous prolactinomas need to
be suspicious in case monomeric Prl continues to be escalated
althoughs< 40% recovery takes place with PEG precipitation
[5]. Additionally, PEG just partly results in precipitation
of IgA leading to macroprolactinemia implicating IgA- Prl

Copyright© Kaur KK, et al.


https://medwinpublishers.com/OAJG

complexes to get wrongly diagnosed [26-30]. In toto, it has
been determined regarding PEG precipitation resulting in
accurate diagnosis of macroprolactinemia in 80% of patients

[5].
Other Methodologies

Gel filtration chromatography portrays the gold standard
for estimating macro- Prl; nevertheless, it is cost prohibitive
in addition to takes up a lot of time [2,3,7,9,13,25]. Thereby
this methodology gets utilized just for corroborating the
diagnosis of macroprolactinemia by separation of Prl
dependent on molecular size [9]. Other methodologies for
corroborating the diagnosis of macroprolactinemia are
protein A/G column in addition to I'*>- Prl binding regions
[9]. Protein A/G column implicates binding of Protein A to the
Fc part of the immunoglobulin in the Prl -immunoglobulin
complex, while Protein G binding takes place just with IgG, the
commonest immunoglobulin in macro- Prl [9]. Despite this
event possesses the capacity of isolating Prl- IgG complexes
with dependence, being cost prohibitive, is not having the
capacity of isolating the subset of immunoglobulins apart
from IgG [9]. I'*- Prl binding implicates a serum sample
mixing to start with ['?°- Prl, followed by with PEG with
subsequent centrifugation [9,14]. Determination of the
gamma radioactivity of the sediment is performed, which
possesses the capacity of isolating the existence of anti Prl
- autoantibodies [9]. Despite 1*?°>- Prl binding possesses the
capacity of estimating a subset of Prl- IgG complexes, those
having anti Prl - autoantibodies, this does not possess the
capacity of estimating all macro- Prl [9]. Moreover, this
event takes up a lot of time in addition to has requirement of
availability of radioisotope laboratory [9].

Repercussions of Macroprolactinemia

Thirunavakkarasu K, etal. [1], illustrated that
183/1167(ie 15.7%) patients having presentation with
infertility possessed hyperprolactinemia. Whereas 5.8%
patients having polycystic ovary syndrome (PCOS) were
observed to have macroprolactinemia [30]. Women having
macroprolactinemia possess the capacity of having a
pregnancy, propagation via normal pregnancies, delivering
healthy neonates, lactate in addition to go through
postpartum period without any kind of the treatment for
Hyperprolactinemia [9,14]. It is imperative to discriminate
macroprolactinemia from actual/true hyperprolactinemia
for avoidance of unnecessary imaging as well as deliver
dopamine agonist treatment in a patient basically having
macroprolactinemia [31].

Long term follow up studies have illustrated that
macroprolactinemia is continuous, however no propagation
of symptoms take place [2,9,15]. A prospective cohort study
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of 51 patients with macroprolactinemia found that for an
average 9.9 yrsillustrated persistence of macroprolactinemia
on follow up with no propagation of symptoms [4]. Moreover,
of these 29/43 patients had spontaneous conception at
the time of follow up [4]. Hattori N, et al. [17], observed
on following 27 women having macroprolactinemia for 4
yrs as well as at the time of study period, both total along
with free Prl did not alter significantly. A further study by
Hattori N, et al. [32], illustrated that following for 4.4yrs(2-
17yrs)range,ratios of PEG precipited Prl, IgG bound Prl,
monomeric Prl continued tobe having stability [32].This
point that although macroprolactin is heterogenous in case
of macro- Prl with IgG as well as nonlgG bound monomers
of Prl, constitution of macroprolactin continues to have
stability with time [32]. Prospective follow up studies point
that macroprolactinemia portrays a benign disorder with no
requirement of imaging or any dopamine agonist treatment.
Nevertheless, for making the diagnosis of macroprolactin
it becomes imperative to screen serum samples in case of
hyperprolactinemia for macroprolactin.

Clinical Recommendations

In view of the greater prevalence of hyperprolactinemia
amongst couples with presentation of female factor infertility
in addition to 11.5% incidence of macroprolactinemia
amongst such patient population, there is requirement of
routinely screening on noticing a patient with continuous
Hyperprolactinemia [1]. This is in agreement with that is
what are the endocrine society clinical practice guidelines
to evaluate for macroprolactinemia in case of patients
having Hyperprolactinemia which is asymptomatic [23].
On observation of escalated Prl there is requirement of
repeating it minimum once in the fasting status with reflex
testing for macro- Prl. Reflex testing for macro- Prl in case of
all serum samples having escalated quantities of Prl needs to
be started over all laboratories instead of provider started
screening for macro- Prl. This would escalate the safety,
the way a study by Muhtaroglu §, etal. [19], illustrated that
77% of serum samples having quantities of Prl greater than
reference range got ignored with regards to screening for
macro- Prl onleaving to the provider for asking for macro- Prl
evaluation. In general total screening for macro- Prl has been
greater implemented in Europe in contrast to North America
[7]- At present macroprolactinemia diagnosis is necessary
in view of patients referred to as possessing so termed
idiopathic hyperprolactinemia generally undergo repeated
CT Scan in addition to magnetic resonance imaging (MRI)
for placement of a microadenoma in the pituitary along with
treatment with the dopamine agonist treatment as well as
rarely unindicated surgical evaluation [8,14]. Thereby reflex
testing for macro- Prl is advocated for all repeated serum
samples with the quantities of Prl greater than upper limit of
normal for that laboratory (Figure 2).
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such as amenorrhea/oligomenorrhea and/or galactorrhea.

Figure 2: Courtesy refno-21-All patients with hyperprolactinemia on serum testing should be assessed for macroprolactinemia.
PEG % polyethylene glycol, PRL % prolactin.*Unless a patient has clinical presentation suggestive of simultaneous prolactinoma

Patients having hyperprolactinemia in addition to mainly
macro- Prl no requirement of imaging or any dopamine
agonist treatment exists [2]. Nevertheless, in case absolute
monomeric Prl continues to be greater than upper limit of
normal for that laboratory subsequent to PEG precipitation,
it is advocated to take into account an imaging of pituitary
for assessment of a simultaneous pituitary adenoma.
Although to start with escalated cost regarding reflex testing
for macro- Prl, routinely screening of all women having
hyperprolactinemia has a justification from point of view
of economy in view of it leading to reduction in health care
expenses of imaging along with dopamine agonists treatment
[2,6,7]. Evaluation of expenses implicating 1793 patients
having escalated quantities of Prl(= 30ng/ml) of which 63.5%
had got the diagnosis of actual/true Hyperprolactinemia
whereas 35.6% had macroprolactinemia, illustrated
that persistence of unindicated investigations in case of
macroprolactinemia leading to escalated blood tests, imaging
as well as dopamine agonists treatment puts extra burden
[6]. Chutpiboonwat P, et al. [33], evaluation the properties
of the Thai patients having macroprolactinemia. They
conducted a crossectional study, in 56 hyperprolactinemic
patients (51 female along with 5 male) with the assessment
of their sera with regards to macroprolactin. Subsequent
to of polyethylene glycol(PEG) precipitation, a recovery
rate of 40% of serum prolactinpointed to presence of
macroprolactinemia. Their study displayed 19.64%(11/56)
of patients with Hyperprolactinemia were observed to be
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having basically macroprolactin. All their patients having
macroprolactinemia were females out of which 8 had a
diagnosis of idiopathic Hyperprolactinemia in addition to
got unnecessary dopamine agonists treatment. Intriguingly,
neuroradiological aberrations existed in three patients having
macroprolactinemia, two patients having prolactinomas
along with a case with stalk effect hyperprolactinemia.
Thereby practically one fifth of their patients having
hyperprolactinemia possessed macroprolactinemia.
This pointed to diagnostic algorithm of all patients with
hyperprolactinemia needs the inclusive of PEG precipitation
[33].

Conclusion

The full patient numbers of patients presenting in
the form of hyperprolactinemia need screening regarding
macroprolactinemia. Reflex testing for macro- Prl in
cases of hyperprolactinemia might be wrongly diagnosed,
unindicated imaging as well as incorrect treatment in
addition to considerable degree of stress for patients along
with their providers [27]. Being simple, associated with
the gold standard Gel filtration chromatography along with
substantially greater sensitivity as well as specificity, PEG
precipitation method is a considerably good method for
isolating patients having macroprolactinemia who have
continuously escalated quantities of prolactin [15].
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