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Background: Macroprolactin has reduced bioactivity in vivo and
accumulates in the sera of some subjects, resulting in pseudo-hyper-
prolactinemia and consequent misdiagnosis.

Methods: We have audited our experience of routine screening for
macroprolactin using polyethylene glycol (PEG) precipitation over a
5-yr period in a single center.

Results: Application of a reference range for monomeric prolactin
(the residual prolactin present in macroprolactin-depleted serum) for
normal individuals revealed that 453 of 2089 hyperprolactinemic
samples (22%) identified by Delfia immunoassay were explained en-
tirely by macroprolactin. The percentage of hyperprolactinemic sam-
ples explained by macroprolactinemia was similar across all levels of
total prolactin (18, 21, 19, and 17% of samples from 700-1000, 1000–
2000, 2000–3000, and greater than 3000 mU/liter, respectively). Ap-
plication of an absolute prolactin threshold after polyethylene glycol
treatment of sera, rather than the traditional method, i.e. less than

40% recovery, minimizes the opportunity for misclassification of pa-
tients in whom macroprolactin accounted for more than 60% of pro-
lactin and the residual bioactive prolactin was present in excess.
Macroprolactinemic patients could not be differentiated from true
hyperprolactinemic patients on the basis of clinical features alone.
Although oligomenorrhea/amenorrhea and galactorrhea were more
common in patients with true hyperprolactinemia (P � 0.05), they
were also frequently present in macroprolactinemic patients. Plasma
levels of estradiol and LH and the LH/FSH ratio were significantly
greater in macroprolactinemic compared with true hyperprolactine-
mic subjects (P � 0.05). Reduced use of imaging and dopamine agonist
treatment resulted in a net cost savings, offsetting the additional cost
associated with the introduction of screening.

Conclusion: Routine screening of all hyperprolactinemic sera for
macroprolactin is recommended. (J Clin Endocrinol Metab 90:
3927–3932, 2005)

IN MOST INDIVIDUALS, prolactin (PRL) circulates pre-
dominantly as a 23-kDa monomer, with trace amounts of

a 60-kDa species and a high-molecular-weight form termed
big-big PRL identified on gel filtration chromatography (1–
3). Characterization of big-big PRL has revealed that, in the
vast majority of cases, it consists of a complex of PRL and an
anti-PRL IgG autoantibody, commonly referred to as macro-
prolactin (4, 5). Less commonly, other forms of macroprolactin
have been described, often in patients with prolactinomas. Such
forms are heterogeneous, often composed of either covalent or
noncovalent polymers of monomeric PRL, with molecular mass
ranging up to approximately 500 kDa (6–12).

Although macroprolactin has been shown to exhibit vary-
ing degrees of biological activity in vitro (5, 13–16), because
of its high molecular mass the complex is confined to the
vascular system in vivo and hence is bio-unavailable (14, 17).
Delayed metabolic clearance (7, 15) together with detection
by most automated PRL immunoassay systems (18–20) leads
to pseudo-hyperprolactinemia in patients harboring this
form of complexed PRL. Presenting symptoms in patients
with hyperprolactinemia due to macroprolactin vary. In
some instances, the condition is identified serendipitously in

the absence of symptoms (21). For many patients, the classic
symptoms of the hyperprolactinaemic syndrome are absent,
whereas other patients present with atypical features (13, 14,
16, 22–24) or varying degrees of infertility, menstrual disor-
ders, and/or galactorrhea (14, 25–31). These findings are not
surprising in that the symptoms of hyperprolactinemia that
prompt measurement of PRL are nonspecific and may occur
coincidentally in patients who present with hyperprolactine-
mia due to macroprolactin.

The high prevalence of pituitary lesions identified inciden-
tally by scanning and at autopsy suggest that a similar coinci-
dental association is likely to occur with macroprolactinemia.
As a result, there have been many reports of inappropriate
investigation and treatment of subjects in whom elevated levels
of PRL were later found to be explained by macroprolactin (30,
32–36). The frequency of abnormal imaging in macroprolactine-
mic patients (8–20%) (26–28, 30, 31) is similar to that found in
unselected subjects undergoing pituitary imaging for reasons
other than suspected pituitary disease (6–20%) or to pituitary
abnormalities found at autopsy (10–24%), as reported by
Molitch and Russell (37). Thus, the frequency of abnormal pi-
tuitary images in subjects with macroprolactinemia is not
higher than expected for the general population. Failure to
appreciate this coincidental association has led to at least two
reported instances of unnecessary and unhelpful pituitary ex-
ploration (26, 36). In contrast, recognition that hyperprolactine-
mia was entirely explained by macroprolactin prompted con-
servative management of patients with abnormal pituitary
imaging (38, 39).
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Macroprolactinemia, whereas hyperprolactinemia can be
entirely accounted for by macroprolactin, is conservatively
estimated to account for 10% of hyperprolactinemia in the
United States and in the United Kingdom (18, 30). Although
effective screening tests are available to detect macroprolac-
tin, these are often not routinely used. Moreover, testing for
macroprolactin in the past has been reserved for those sub-
jects with elevated serum PRL levels but clinical features or
a response to treatment not typical of true hyperprolactine-
mia. Validation of the polyethylene glycol (PEG) precipita-
tion technique (40, 41) has enabled large-scale screening for
macroprolactin in hyperprolactinemic subjects. Such screen-
ing has revealed that macroprolactinemia also commonly
occurs in subjects with apparently typical features of hyper-
prolactinemia (30).

In our center, we have routinely screened all hyperpro-
lactinemic samples for macroprolactin using PEG precipita-
tion since 1998. When PRL levels after PEG precipitation fall
within a reference range derived from similarly treated nor-
mal sera, this is considered a normal result (30), and it is
recommended that an explanation other than hyperpro-
lactinemia be sought for the patient’s clinical features. The
alternative method of defining macroprolactinemia is recov-
ery of less than 40% of PRL in serum after PEG precipitation
(25, 26). This latter approach does not completely exclude
simultaneous occurrence of an absolute elevation of mono-
meric PRL and has resulted in misclassification in the past
(42). Such patients, while having elevated levels of serum
macroprolactin, also have elevated levels of monomeric PRL.
In such cases, the presence of excess bioactive monomeric
PRL is clearly of overriding clinical concern.

The aim of this study was to review the clinical setting in
which macroprolactinemia was identified and to assess the
impact of routine screening for macroprolactin, using PEG
precipitation, over a 5-yr period in a single center on patient
management and service costs. We have also examined the
occurrence of true hyperprolactinemia, i.e. elevated absolute
levels of residual PRL in sera after PEG precipitation, in
which residual PRL constituted less than 40% of total PRL.

Subjects and Methods

Since 1998, all samples with a PRL above the upper limit of the normal
reference range (female, 500 mU/liter; male, 290 mU/liter), analyzed at
the Endocrine Laboratory of St. Vincent’s University Hospital, have been
submitted to PEG precipitation. Results are expressed as total PRL and
bioactive monomeric PRL, i.e. PRL remaining after PEG treatment. When
the value of PRL in PEG-treated sera fell to within an established normal
reference range (female, �403 mU/liter; male, �230 mU/liter), it was
considered and reported as a normal result (30). PRL levels in normal
adult sera after PEG treatment ranged from 70–403 mU/liter in females
(n � 110) and 68–230 mU/liter in males (n � 32). For the purposes of
the current study, we have evaluated all hyperprolactinemic samples
identified between January 1999 and December 2003. Evaluation of
management of patients, before the introduction of routine screening for
macroprolactin, i.e. before January 1999 and subsequently documented
retrospectively to have either true hyperprolactinemia or macropro-
lactinemia, was confined to patients with total PRL greater than 700
mU/liter. True hyperprolactinemia is defined as the finding of PRL
levels in excess of 403 mU/liter in women or in excess of 230 mU/liter
in men after treatment of hyperprolactinemic sera with PEG.

Study subjects

Case notes of all patients with elevated PRL (female, 500 mU/liter;
male, 290 mU/liter) who attended a general endocrinology outpatient
service in a university-affiliated teaching hospital and tertiary referral
center during the 5 yr of the study were reviewed. From these records,
it was possible to obtain information on symptoms and signs, imaging
investigations, diagnoses, and treatment used. In addition to PRL levels,
plasma levels of FSH, LH, and estradiol were available in all female
subjects. It is our practice to measure reproductive hormone levels in the
follicular phase in menstruating women. Comparisons were made be-
tween patients who continued to have elevated levels of PRL after PEG
precipitation (true hyperprolactinemic) and those in whom PRL levels
normalized after PEG treatment (macroprolactinemic). Analysis of hor-
monal data were confined to women who were not receiving medica-
tions likely to interfere with results and to avoid the potentially con-
founding effect of menopause, to women aged 45 yr or less. Approval
for this study was obtained from the Research Ethics Committee of St.
Vincent’s University Hospital.

Assay methodology

Serum PRL, estradiol, FSH, and LH levels were measured using
commercially available fluoroimmunoassays (Auto Delfia; PerkinElmer
Wallac, Turku, Finland). To estimate the amount of bioactive monomeric
PRL present, specimens were assayed for PRL after treatment with PEG
8000 as outlined previously (30). Briefly, 250 �l serum, mixed with an
equal volume of 25% (wt/vol) PEG in PBS (pH 7.4), was incubated for
10 min at room temperature. After clarification of the suspension by
centrifugation, the monomeric PRL level in the supernatant was quan-
tified by Delfia. The reproducibility of the PEG precipitation procedure
was monitored by inclusion of control sera in each assay. At PRL levels
of 148 and 836 mU/liter after PEG treatment, the interassay coefficient
of variation values were 6.4% (n � 63) and 5.2% (n � 46), respectively.
Conversion of PRL values from milliunits per liter to micrograms per
liter is achieved by dividing by 36. Conversion of estradiol levels from
picomoles per liter to nanograms per milliliter is achieved by dividing
by 3.67.

Statistical analysis

Statistical analysis of clinical characteristics was performed using the
�2 test for categorical variables and Student’s unpaired t test for con-
tinuous variables. Results are expressed as median (range), and statis-
tical significance was set at an � level of 0.05. When multiple compar-
isons were made, Bonferroni’s correction was introduced.

Results
Frequency of macroprolactinemia

Plasma levels of PRL were above the normal range in 2089
sera or 21% of samples analyzed. Of these samples, 1752 were
derived from women, and 337 were from men. Total PRL
levels more than 700 mU/liter were identified in 1305 (62%
of hyperprolactinemic) samples.

Application of a reference range for monomeric PRL, i.e.
residual PRL in serum after PEG precipitation, derived from
normal individuals revealed that 453 of the hyperprolactine-
mic samples (22%) were explained by macroprolactin, i.e. the
monomeric PRL levels fell to less than 403 mU/liter in
women and to less than 230 mU/liter in samples from men
after treatment of sera with PEG. A lower percentage of male
hyperprolactinemic samples (12%) were explained by mac-
roprolactin compared with female hyperprolactinemic sam-
ples (24%; P � 0.05).

The percentage of hyperprolactinemic samples explained
by macroprolactin varied with the total PRL level (Fig. 1). A
higher percentage of macroprolactinemia (27%) was found in
subjects with mild hyperprolactinemia (total PRL �700 mU/
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liter; P � 0.05). However, the percentage of clinically signif-
icant hyperprolactinemic samples explained by macropro-
lactin was similar across all levels of total PRL (18, 21, 19, and
17% of samples from 700-1000, 1000–2000, 2000–3000, and
�3000 mU/liter, respectively) (Fig. 1).

Comparison of presenting clinical features in true
hyperprolactinemic and macroprolactinemic female subjects

Table 1 summarizes clinical data in female patients iden-
tified as having either true hyperprolactinemia or macrop-
rolactinemia when confining the evaluation to patients with
PRL levels more than 700 mU/liter. Sixty of these patients
were attending the Endocrinology Outpatient Clinic before
and 72 were referred after commencement of routine screen-
ing for macroprolactin. Total PRL levels were similar in pa-
tients with true hyperprolactinemia or macroprolactinemia.
After PEG treatment, PRL fell from 1145 (517–3390) to 240
(99–384) mU/liter in macroprolactinemic patients and from
1315 (514–6775) to 992 (393–5776) mU/liter in true hyper-
prolactinemic patients (Table 1). In both groups, oligomen-
orrhea was the most frequent symptom at presentation,
whereas galactorrhea, headache, and infertility occurred less
frequently (Table 1). Although galactorrhea and oligomen-
orrhea were more common in patients with true hyperpro-
lactinemia (P � 0.05), there was no difference in frequency
of headache or infertility between the two groups (Table 1).

Management of true hyperprolactinemic and
macroprolactinemic female patients

Patients attending before the introduction of routine screening for
macroprolactin. Of the 60 patients attending the Endocrinol-
ogy Outpatient Clinic before the introduction of routine
screening for macroprolactin, computed tomography (CT) or
magnetic resonance imaging (MRI) scanning was performed
in 11 of 15 patients (73%) who were subsequently found to
have macroprolactinemia (Table 2) and in 37 of 45 patients
(82%) confirmed to have true hyperprolactinemia. Although
the frequency of scanning did not differ between the groups,
abnormalities were predominantly found in the hyperpro-
lactinemic group (15 vs. 2). Of the 37 scans performed in true
hyperprolactinemic subjects, 22 were normal, nine revealed
changes consistent with a microadenoma, and six revealed a
macroadenoma. Changes consistent with a microadenoma
were seen in two subjects with macroprolactinemia, but no
macroadenoma was seen in this group (Table 2).

Dopamine agonist (DA) treatment was prescribed in 13 of
15 patients (87%) who were subsequently found to have
macroprolactinemia and in 37 of 45 patients (82%) confirmed
to have true hyperprolactinemia. Treatment with DA re-
sulted in a decrease in serum PRL from 1726 � 279 to 389 �
98 mU/liter in the macroprolactinemic group and from
2393 � 235 to 309 � 55 mU/liter (mean � sd) in the true
hyperprolactinemic group. Symptomatic improvement was
reported by 15 of 19 women with true hyperprolactinemia
and galactorrhea who were treated with DA. Of the four
women with macroprolactinemia and galactorrhea who
were treated with DA, all noted symptomatic improvement.
Menses increased in frequency in 17 of 23 women with true
hyperprolactinemia and oligomenorrhea or amenorrhea
who were treated, whereas an additional two became preg-
nant. In contrast, of the eight women with macroprolactine-
mia and oligomenorrhea or amenorrhea treated with DA,
increased frequency of menses occurred in one woman only.

Table 2 details presenting features, laboratory, and radio-
logical investigations in 15 female patients diagnosed as hav-
ing hyperprolactinemia before the introduction of screening
for macroprolactin but in whom a subsequent diagnosis of
macroprolactinemia was made. As a consequence, alterna-
tive diagnoses were made, DA treatment was stopped, and,
in some cases, more appropriate treatment was instituted.
For example, one patient with infertility secondary to poly-
cystic ovary syndrome was successfully treated with clomi-
phene, and another patient with tubal damage was success-
fully treated with surgery.

Patients diagnosed after the introduction of routine screening for
macroprolactin. Pituitary imaging was performed in 33 of 55
newly diagnosed patients with true hyperprolactinemia, and
DA treatment was commenced in 25. No subjects with mac-
roprolactinemia underwent pituitary imaging, and none
were treated with DA. All macroprolactinemic patients were
reassured that hyperprolactinemia was unlikely to underlie
their clinical presentation.

Hormonal data in female subjects

Plasma levels of estradiol were significantly greater in
macroprolactinemic compared with true hyperprolactinemic

FIG. 1. Percentage of 2089 hyperprolactinemic samples explained by
true hyperprolactinemia (black bars) or macroprolactinemia (white
bars) expressed in relation to total serum PRL.

TABLE 1. Clinical and laboratory data in true
hyperprolactinemic and macroprolactinemic female subjects

Characteristics Hyperprolactinemia
(n � 100)

Macroprolactinemia
(n � 32)

Age (yr) 35 (19–69) 29 (18–59)
Total PRL (mU/liter) 1315 (514–6775) 1145 (517–3390)
PRL after PEG precipitation

(mU/liter)
992 (393–5776) 240 (99–384)a

Clinical featuresb

Oligomenorrhea or
amenorrhea

73% 59%a

Galactorrhea 54% 22%a

Infertility 7% 22%
Headache 7% 5%

Data are median (range). To convert PRL values from milliunits
per liter to micrograms per liter, divide by 36.

a P � 0.05 vs. true hyperprolactinemic subjects.
b Premenopausal subjects only with PRL levels more than 700

mU/liter.
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subjects (Fig. 2). There was, however, an obvious overlap
between the groups. Plasma levels of LH [6.4 (2.8–43.6) vs.
5.6 (0.5–19.6) U/liter; P � 0.002] and the LH to FSH ratio [1.5
(0.5–5.4) vs. 1.2 (0.1–6.2); P � 0.02] were also significantly
greater in macroprolactinemic subjects. Plasma levels of FSH
did not differ between the groups [5.2 (1.9–8.7) vs. 5.1 (1.1–
12.4) U/liter].

Comparison of different approaches to the identification of
patients with macroprolactinemia

Comparisons were also made between two methods for
categorising subjects as having macroprolactinemia or true
hyperprolactinemia, i.e. the normative data approach vs. the
percentage recovery approach. In the former case, for a pa-
tient to be classified as macroprolactinemic, the residual PRL
level must fall to less than that observed after treatment of
normal sera with PEG, i.e. less than 403 mU/liter in females
and less than 230 mU/liter in males. In contrast, use of the
more traditional approach of a percentage cutoff requires
that serum PRL falls to less than 40% after PEG treatment for
a patient to be classified as macroprolactinemic. Of the 1305
subjects with clinically significant hyperprolactinemia, 230

subjects were identified as having macroprolactinemia, and
1036 were identified as having true hyperprolactinemia us-
ing either the normative data or the percentage macropro-
lactin approach (Table 3). Twenty-eight (2%) subjects were
considered to be hyperprolactinemic using the normative
data reference range but macroprolactinemic using the 40%
threshold. PRL levels after PEG precipitation in these indi-
viduals ranged from 412-3060 mU/liter. Eleven subjects (1%)
were considered to be macroprolactinemic using the norma-
tive data reference range but hyperprolactinemic using the
40% threshold. PRL levels after PEG precipitation in these
individuals ranged from 300–376 mU/liter.

Cost effectiveness

In our cohort of patients in whom PRL was measured, 21%
proved to be hyperprolactinemic. In screening for macrop-
rolactin, this 21% had PRL remeasured after PEG precipita-
tion, which incurred an additional cost of 30%. This resulted
in an overall increase in the cost of measuring PRL, including
screening for macroprolactin in hyperprolactinemic sera, of
27%. Screening for macroprolactin resulted in a 15% decrease
in costs associated with CT/MRI imaging by avoiding their
use in approximately 70% of those with unidentified mac-
roprolactinemia, i.e. 21% of all hyperprolactinemic subjects.
This figure is based on the finding in this study that 73% of
unidentified macroprolactinemic subjects underwent CT or
MRI. Similarly, screening for macroprolactin resulted in a
17% decrease in expenditure on treatment associated with
the prescription of DA for 80% of unidentified macropro-
lactinemic subjects. This figure is based on the finding that

TABLE 2. Clinical characteristics of 15 patients, with total PRL levels more than 700 mU/liter, retrospectively diagnosed as having
macroprolactinemia; subsequent diagnosis and management

Patient
no.

Age
(yr)

Serum PRL (mU/liter)
O/A

Symptoms Pituitary
imaging Revised diagnosis

Not PEG-treated PEG-treated G I H

1 15 1760 230 Y N N N NOR Cyclical mastalgia
2 27 1206 344 Y Y N N MA OCP-related galactorrhea
3 26 2240 192 Y N N Y NOR PCOS
4 20 1940 378 Y Y Y N MA PCOS
5 33 1288 214 Y N N N NOR DUB
6 29 1360 171 Y N N Y ND Low body weight
7 22 1310 236 Y N N N NOR Bulimia nervosa
8 21 819 302 N Y N N NOR Idiopathic galactorrhea
9 38 1590 232 N N Y N NOR Paratubular cyst

10 55 1530 224 Y N N N NOR Menopause
11 38 3390 248 N Y N N NOR Idiopathic galactorrhea
12 40 883 337 Y N N N ND Menopause
13 28 1037 24 Y N N N NOR PCOS
14 32 4021 142 N N N N NOR Unexplained miscarriage
15 33 891 194 Y Y N Y NOR Infertility related to SLE

G, Galactorrhea; O/A, oligomenorrhea/amenorrhea; I, infertility; MA, microadenoma; ND, not done; PCOS, polycystic ovary syndrome; H,
hirsutism; OCP, oral contraceptive pill; DUB, dysfunctional uterine bleeding; SLE, systemic lupus erythematosis; Y, yes; N, no; NOR, normal.

FIG. 2. Serum estradiol levels in women with macroprolactinemia
(MACRO) or true hyperprolactinemia (TRUE).

TABLE 3. Comparison of methods for categorization of subjects
as either true hyperprolactinemic (True) or macroprolactinemic
(Macro)

Percent recovery
Normative data

True Macro

True (�40%) 1036 11
Macro (�40%) 28 230

3930 J Clin Endocrinol Metab, July 2005, 90(7):3927–3932 Gibney et al. • Screening for Macroprolactin

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/90/7/3927/2837229 by guest on 20 August 2022



80% of patients retrospectively identified with macroprolac-
tin accounting entirely for their hyperprolactinemia were
treated with DA. In our institution, the overall cost savings
achieved by routine screening for macroprolactin was
greater than the additional cost of screening.

Discussion

This retrospective study demonstrated that, using the PEG
precipitation technique, 22% of all hyperprolactinemic sam-
ples identified by our laboratory over a 5-yr period were
explained by macroprolactin. When marginal hyperpro-
lactinemia—PRL between 500 and 700 mU/liter—was ex-
cluded, the percentage of hyperprolactinemic samples ex-
plained by macroprolactin was consistent across all levels of
total PRL. No clinical features could reliably differentiate
macroprolactinemic from true hyperprolactinemic patients,
and, although LH and estradiol levels were significantly
higher in macroprolactinemic patients, there was an obvious
overlap between the two groups. Reduced use of pituitary
imaging and DA treatment resulted in a net cost savings
attributable to routine screening for macroprolactin.

The proportion of hyperprolactinemic sera explicable by
macroprolactinemia is assay dependent and, in most studies,
has been reported as between 15 and 35% (14, 25–27, 29, 30).
One study reported a prevalence of 46% (28), but it is likely
that this particularly high incidence reflected selection bias
because of the specialized nature of the study center, which
received samples sent from other laboratories when the pos-
sible diagnosis of macroprolactinemia was raised. In the
current study, the number of samples explained by macro-
prolactinemia was similar whether it was determined by
comparison with reference data derived form normal sub-
jects or by percentage recovery of PRL after PEG precipita-
tion. A number of subjects (2% of the total) were identified
who would have been categorised as macroprolactinemic
using percentage recovery of PRL, i.e. less than 40%, but in
whom residual levels of PRL remained significantly elevated
(up to 3060 mU/liter) after PEG precipitation. In these sub-
jects, it is likely that elevated PRL levels contributed to the
presenting clinical features, although they would have been
considered macroprolactinemic using traditional criteria.
Conversely, a smaller proportion of subjects (1%) were iden-
tified as having true hyperprolactinemia using percentage
recovery but macroprolactinemic when compared with nor-
mative data. PRL levels in these individuals after PEG pre-
cipitation ranged from 300–376 mU/liter. The use of absolute
reference values to identify patients with normal PRL levels
after PEG treatment minimizes the opportunity for misclas-
sifying patients inherent in the use of percentage recovery
when screening sera for macroprolactinemia. In addition,
although PEG has proved to be a particularly useful reagent
in distinguishing macroprolactinemia from true hyperpro-
lactinemia, it is not a specific reagent, and, as with any bio-
chemical test, the result obtained should always be inter-
preted in the context of the clinical setting.

We confirmed our previous observation that macropro-
lactinemic subjects could not be differentiated from true hy-
perprolactinemic subjects other than by measurement of
macroprolactin (30). Although galactorrhea and oligomen-

orrhea occurred less commonly in patients with macropro-
lactinemia, at least one of these symptoms was present in
most macroprolactinemic patients, reflecting the original rea-
son why the test was ordered. Plasma levels of LH and
estradiol were greater in macroprolactinemic compared with
true hyperprolactinemic patients, consistent with a reduced
ability of macroprolactin to suppress the hypothalamic-pi-
tuitary-ovarian axis, but there was a significant overlap be-
tween the two groups. Thus, although an unexpectedly nor-
mal estradiol level in a patient with clinically significant
hyperprolactinemia might suggest macroprolactinemia, nor-
mal estradiol levels also occur in the setting of true hyper-
prolactinemia, and, conversely, estradiol levels are some-
times suppressed in macroprolactinemic subjects.

Identification of macroprolactinemia altered patient man-
agement. Most macroprolactinemic patients who had been
attending the Endocrinology Outpatient Clinic before rou-
tine screening for macroprolactin had undergone pituitary
imaging and were treated with dopamine agonists. These
findings are consistent with previous reports of macropro-
lactinemic patients who had undergone treatment for hy-
perprolactinemia, including trans-sphenoidal exploration or
adenomectomy (36, 42), before the realization that they had
macroprolactinemia. Although, there is an additional cost
associated with routine screening for macroprolactin, sub-
stantial savings can be achieved through diminished re-
quests for imaging procedures and DA prescription, approx-
imately 15–17%, resulting in a net cost benefit. The extent of
such benefit will be related to the institutional unit cost.
Furthermore, screening for macroprolactin prevents misdi-
agnosis of hyperprolactinemia, thereby affording the oppor-
tunity to make a correct diagnosis for the patient’s clinical
condition.

In summary, these data show that macroprolactinemia is
a common cause of elevated PRL levels, which can give rise
to inappropriate investigation and treatment and can delay
diagnosis. Routine screening for macroprolactin in hyperp-
rolactinemic samples is cost-effective and can alter manage-
ment in up to 20% of hyperprolactinemic patients.

Acknowledgments

Received November 12, 2004. Accepted March 25, 2005.
Address all correspondence and requests for reprints to: T. Joseph

McKenna, Professor of Investigative Endocrinology, Department of En-
docrinology, St. Vincent’s University Hospital, Elm Park, Dublin 4,
Ireland. E-mail: tjmckenna@ucd.ie.

References

1. Suh HK, Frantz AG 1974 Size heterogeneity of human prolactin in plasma and
pituitary extracts. J Clin Endocrinol Metab 39:928–935

2. Smith CR, Norman MR 1990 Prolactin and growth hormone: molecular het-
erogeneity and measurement in serum. Ann Clin Biochem 27:542–550

3. Fraser IS, Lun ZG, Zhou JP, Herington AC, McCarron G, Caterson I, Tan K,
Markham R 1989 Detailed assessment of big big prolactin in women with
hyperprolactinemia and normal ovarian function. J Clin Endocrinol Metab
69:585–592

4. Schiettecatte J, De Schepper J, Velkeniers B, Smitz J, Van Steirteghem A 2001
Rapid detection of macroprolactin in the form of prolactin-immunoglobulin G
complexes by immunoprecipitation with anti-human IgG-agarose. Clin Chem
Lab Med 39:1244–1248

5. De Schepper J, Schiettecatte J, Velkeniers B, Blumenfeld Z, Shteinberg M,
Devroey P, Anckaert E, Smitz J, Verdood P, Hooghe R, Hooghe-Peters E 2003

Gibney et al. • Screening for Macroprolactin J Clin Endocrinol Metab, July 2005, 90(7):3927–3932 3931

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/90/7/3927/2837229 by guest on 20 August 2022



Clinical and biological characterization of macroprolactinemia with and with-
out prolactin-IgG complexes. Eur J Endocrinol 149:201–207

6. Allolio B, Hoeppener A, Leonhardt U, Deuss U, Winkelmann W 1987 Size
heterogeneity of immunoreactive prolactin in patients with prolactinoma. Acta
Endocrinol (Copenh) 114:475–482

7. Carlson HE, Markoff E, Lee DW 1992 On the nature of serum prolactin in two
patients with macroprolactinemia. Fertil Steril 58:78–87

8. Hattori N 1996 The frequency of macroprolactinemia in pregnant women and
the heterogeneity of its etiologies. J Clin Endocrinol Metab 81:586–590

9. Mounier C, Trouillas J, Claustrat B, Duthel R, Estour B 2003 Macroprolac-
tinaemia associated with prolactin adenoma. Hum Reprod 18:853–857

10. Sinha YN 1995 Structural variants of prolactin: occurrence and physiological
significance. Endocr Rev 16:354–369

11. Tanaka T, Yano H, Umezawa S, Shishiba Y, Okada K, Saito T, Hibi I 1989
Heterogeneity of big-big hPRL in hyperprolactinemia. Horm Metab Res 21:
84–88.

12. Benveniste R, Helman JD, Orth DN, McKenna TJ, Nicholson WE, Rabi-
nowitz D 1979 Circulating big human prolactin: conversion to small human
prolactin by reduction of disulfide bonds. J Clin Endocrinol Metab 48:883–886

13. Jackson RD, Wortsman J, Malarkey WB 1985 Characterization of a large
molecular weight prolactin in women with idiopathic hyperprolactinemia and
normal menses. J Clin Endocrinol Metab 61:258–264

14. Leite V, Cosby H, Sobrinho LG, Fresnoza MA, Santos MA, Friesen HG 1992
Characterization of big, big prolactin in patients with hyperprolactinaemia.
Clin Endocrinol (Oxf) 37:365–372

15. Hattori N, Inagaki C 1997 Anti-prolactin (PRL) autoantibodies cause asymp-
tomatic hyperprolactinemia: bioassay and clearance studies of PRL- immu-
noglobulin G complex. J Clin Endocrinol Metab 82:3107–3110

16. Whittaker PG, Wilcox T, Lind T 1981 Maintained fertility in a patient with
hyperprolactinemia due to big, big prolactin. J Clin Endocrinol Metab 53:863–
866

17. Bonhoff A, Vuille JC, Gomez F, Gellersen B 1995 Identification of macrop-
rolactin in a patient with asymptomatic hyperprolactinemia as a stable PRL-
IgG complex. Exp Clin Endocrinol Diabetes 103:252–255

18. Smith TP, Suliman AM, Fahie-Wilson MN, McKenna TJ 2002 Gross vari-
ability in the detection of prolactin in sera containing big big prolactin (mac-
roprolactin) by commercial immunoassays. J Clin Endocrinol Metab 87:5410–
5415

19. Schneider W, Marcovitz S, Al-Shammari S, Yago S, Chevalier S 2001 Reac-
tivity of macroprolactin in common automated immunoassays. Clin Biochem
34:469–473

20. Cavaco B, Prazeres S, Santos MA, Sobrinho LG, Leite V 1999 Hyperpro-
lactinemia due to big big prolactin is differently detected by commercially
available immunoassays. J Endocrinol Invest 22:203–208

21. Ichihara K, Miyai K 1990 [Detection of asymptomatic prolactinoma by a mass
screening program]. Rinsho Byori 38:667–674 (Japanese)

22. Andino NA, Bidot C, Valdes M, Machado AJ 1985 Chromatographic pattern
of circulating prolactin in ovulatory hyperprolactinemia. Fertil Steril 44:600–
605

23. Malarkey WB, Jackson R, Wortsman J 1988 Long-term assessment of patients
with macroprolactinemia. Fertil Steril 50:413–418

24. Yuen YP, Lai JP, Au KM, Chan AY, Mak TW 2003 Macroprolactin-a cause of
pseudohyperprolactinaemia. Hong Kong Med J 9:119–121

25. Fahie-Wilson MN, Soule SG 1997 Macroprolactinaemia: contribution to hy-
perprolactinaemia in a district general hospital and evaluation of a screening
test based on precipitation with polyethylene glycol. Ann Clin Biochem 34:
252–258

26. Olukoga AO, Kane JW 1999 Macroprolactinaemia: validation and application
of the polyethylene glycol precipitation test and clinical characterization of the
condition. Clin Endocrinol (Oxf) 51:119–126

27. Leslie H, Courtney CH, Bell PM, Hadden DR, McCance DR, Ellis PK,
Sheridan B, Atkinson AB 2001 Laboratory and clinical experience in 55 pa-
tients with macroprolactinemia identified by a simple polyethylene glycol
precipitation method. J Clin Endocrinol Metab 86:2743–2746

28. Hauache OM, Rocha AJ, Maia AC, Maciel RM, Vieira JG 2002 Screening for
macroprolactinaemia and pituitary imaging studies. Clin Endocrinol (Oxf)
57:327–331

29. Strachan MW, Teoh WL, Don-Wauchope AC, Seth J, Stoddart M, Beckett GJ
2003 Clinical and radiological features of patients with macroprolactinaemia.
Clin Endocrinol (Oxf) 59:339–346

30. Suliman AM, Smith TP, Gibney J, McKenna TJ 2003 Frequent misdiagnosis
and mismanagement of hyperprolactinemic patients before the introduction of
macroprolactin screening: application of a new strict laboratory definition of
macroprolactinemia. Clin Chem 49:1504–1509

31. Vallette-Kasic S, Morange-Ramos I, Selim A, Gunz G, Morange S, Enjalbert
A, Martin PM, Jaquet P, Brue T 2002 Macroprolactinemia revisited: a study
on 106 patients. J Clin Endocrinol Metab 87:581–588

32. Cattaneo F, Kappeler D, Muller B 2001 Macroprolactinaemia, the major un-
known in the differential diagnosis of hyperprolactinaemia. Swiss Med Wkly
131:122–126

33. Amadori P, Dilberis C, Marcolla A, Pinamonti M, Menapace P, Dal Bosco
F 2003 Macroprolactinemia: predictability on clinical basis and detection by
PEG precipitation with two different immunometric methods. J Endocrinol
Invest 26:148–156

34. Fahie-Wilson M 2003 In hyperprolactinemia, testing for macroprolactin is
essential. Clin Chem 49:1434–1436

35. Hattori N 2003 Macroprolactinemia: a new cause of hyperprolactinemia.
J Pharmacol Sci 92:171–177

36. Cattaneo FA, Fahie-Wilson MN 2001 Concomitant occurrence of macropro-
lactin, exercise-induced amenorrhea, and a pituitary lesion: a diagnostic pitfall.
Case report. J Neurosurg 95:334–337

37. Molitch ME, Russell EJ 1990 The pituitary “incidentaloma.” Ann Intern Med
112:925–931

38. Glezer A, D’Alva CB, Salgado LR, Musolino NR, Serafini P, Vieira JG,
Bronstein MD 2002 Pitfalls in pituitary diagnosis: peculiarities of three cases.
Clin Endocrinol (Oxf) 57:135–139

39. Bagdatoglu C, Ay A, Bagdatoglu OT, Ozer C, Polat G, Koksel T 2005 The
diagnostic importance of prolactin subgroups in patients with stalk mass. Acta
Neurochir (Wien) 147:209–210

40. Vieira JG, Tachibana TT, Obara LH, Maciel RM 1998 Extensive experience
and validation of polyethylene glycol precipitation as a screening method for
macroprolactinemia. Clin Chem 44:1758–1759

41. Fahie-Wilson MN 1999 Polyethylene glycol precipitation as a screening
method for macroprolactinemia. Clin Chem 45:436–437

42. Olukoga AO, Dornan TL, Kane JW 1999 Three cases of macroprolactinaemia.
J R Soc Med 92:342–344

JCEM is published monthly by The Endocrine Society (http://www.endo-society.org), the foremost professional society serving the
endocrine community.

3932 J Clin Endocrinol Metab, July 2005, 90(7):3927–3932 Gibney et al. • Screening for Macroprolactin

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/90/7/3927/2837229 by guest on 20 August 2022


