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Abstract
Purpose Prolactin (PRL)-secreting tumours are associated with infertility and can be reverted by dopamine agonist (DA) 
therapy. The suspension of DA is recommended once pregnancy is established, as all DAs cross the placenta. The aim of the 
study was to evaluate the rate of maternal-foetal complications in women treated with cabergoline (CAB) or bromocriptine 
(BRM) for prolactinoma during gestation and the effect of pregnancy on prolactinoma progression.
Methods This was a retrospective observational study involving 43 women affected by prolactinoma who became pregnant 
during therapy with CAB or BRM for a total of 58 pregnancies. For each patient, medical records were analysed by integrat-
ing the data with outpatient or telephone interview.
Results At the time of conception, 18 women were in the BRM group, while 40 were in CAB group. No differences were 
found in obstetric or neonatal outcomes between the two groups. There was a significant difference (p = 0.046) in child 
complications reported in maternal interview found exclusively in the CAB group. No further confounding factors were 
detected. Disease remission rate after the first pregnancy was 42.9% and the main predictor was a lower PRL nadir before 
pregnancy (p = 0.023). No difference was detected between the two groups in terms of tumor remission. Breastfeeding did 
not modify the outcome.
Conclusion Foetal exposure to DAs during the first weeks of embryogenesis is not associated with a greater risk of complica-
tions. The transient and mild developmental disorders recorded resolved spontaneously and the prevalence was substantially 
overlapping with that observed in the general population.
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Introduction

Prolactinomas represent the most common cause of hyper-
prolactinemia and account for 40% of all pituitary adenomas 
[1]. Prolactinoma has a prevalence of 60–100 cases/million, 
and it is more common in women, especially those aged 
20 to 50 years [2]. In women, hyperprolactinemia is a fre-
quent cause of anovulatory cycles and infertility, but fertility 
can often be restored by treatment with dopamine agonists 

(DAs) [3]. DA represents the first-line therapy since it regu-
lates menses and can reduce pituitary lesion size, restoring 
normal PRL levels [4]. During DA therapy, 85% of women 
desire offspring. However, there are some significant con-
cerns regarding the treatment of prolactinomas with DA dur-
ing conception and pregnancy. The literature has extensively 
demonstrated that, compared with the general population, 
bromocriptine (BRM) does not increase the number of mis-
carriages, premature births, multiple pregnancies or congen-
ital malformations [3, 5, 6]; moreover, available information 
on the safety of cabergoline (CAB) is reassuring, although 
specific data remain scant [3, 7–9]. Despite the demonstra-
tion that DAs used previously and during pregnancy are safe 
drugs, the Endocrine Society recommends the immediate 
suspension of medical therapy once pregnancy is confirmed 
as a precaution [4].
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The latest Pituitary Society guidelines also recommend 
withdrawal of DAs for patients with microprolactinomas and 
intrasellar macroprolactinomas as soon as pregnancy is con-
firmed. However, they allow for the possibility of continuing 
DA therapy in the case of expansive/invasive macroadenoma 
[10].

As regards the Italian regulation, cabergoline should even 
be interrupted once ovulatory cycles have been re-estab-
lished, at least one month before the supposed conception, or 
immediately, at the time of ascertained pregnancy. The pos-
sibility of stopping treatment once pregnancy is established 
derives from a limited series of 329 pregnancies, suggesting 
that foetal exposure to cabergoline through early pregnancy 
does not induce any increase in the risk of miscarriage or 
foetal malformation [11].

Another relevant aspect is the possible impact of preg-
nancy and breastfeeding on the progression of prolactinoma. 
In fact, some studies have shown that 10–68% of women 
with prolactinoma or idiopathic hyperprolactinemia experi-
ence disease remission following pregnancy. Breastfeeding 
also does not seem to increase the risk of persistence or 
worsening of the disease [12–15].

Based on these data, the purposes of the present study 
were 1) to evaluate the prevalence of short- and long-term 
maternal or foetal complications in patients with prolacti-
noma treated with CAB or BRM during pregnancy induction 
or during pregnancy itself, afferent to the Neuroendocrinol-
ogy Centre of A.O.U. City of Health and Science of Turin; 
and 2) to evaluate the effect of pregnancy on the remission of 
hyperprolactinemia and on the progression of prolactinoma.

Methods

This was a retrospective single-center longitudinal observa-
tional study involving a cohort of women affected by prol-
actinoma who were followed up at the Neuroendocrinology 
Centre of University Hospital City of Health and Science 
of Turin (Italy) and who became pregnant during treatment 
with CAB or BRM. Women with hyperprolactinemia caused 
by causes other than prolactinoma were not included in the 
present study. All pregnancies that occurred from 1981 to 
2012 were taken into consideration to allow a postpartum 
follow-up of at least ten years to assess any late side effects. 
Clinical and hormonal data are shown in Table 1.

The diagnosis of prolactinoma was made according to 
the criteria of the International Guidelines [4, 10], while 
disease remission was defined as persistence of biochemi-
cal and clinical normalization at least 1 year after therapy 
withdrawal.

For each patient, computerized medical records were 
analysed; data were also integrated through an outpatient 
visit or, in the absence of this possibility, by telephone 

interview. The salient clinical and pregnancy-related data 
(outcome, type of delivery, complications, breastfeeding), 
drug exposure (duration of exposure to CAB/BRM, starting 
dose, maximum dose) and development of the child (birth 
complications, weight at birth, APGAR score, malforma-
tions, developmental deficiencies) were evaluated. The data 
regarding the course of pregnancy, delivery, and the child's 
health conditions were collected through interviews with the 
study patients and not through direct access to the gyneco-
logical or pediatric clinical records (patient interview script 
available on Supplemental Material).

Data on PRL levels at diagnosis, the nadir of PRL levels 
before pregnancy and at the last follow-up were included as 
adenoma features at the same time. The study was conducted 
according to the principles of the Declaration of Helsinki. 
All patients signed an informed consent form for study par-
ticipation. The study was approved by the Internal Ethical 
Committee of our institution.

Statistics

The baseline characteristics of all patients included in the 
analysis are summarized using medians and interquartile 
ranges (IQRs) for continuous data (or means and standard 
deviations when specified) and rates and percentages for 
binary and categorical data. Between-group differences in 
personal and clinical features at diagnosis were evaluated by 
Student’s t test, the Mann‒Whitney U test, ANOVA and the 
Kruskal‒Wallis test for continuous variables. For categori-
cal variables, the chi-square test or Fisher’s exact test was 
applied, where appropriate, considering normality with the 
Shapiro‒Wilk test and the number of independent groups. 
Univariate logistic regression analysis was subsequently per-
formed using the "MedCalc™" program version 18.11.3. 
The results were considered significant at p < 0.05.

Results

Forty-three patients were studied (age at diagnosis 
27 ± 6.0 years and age at pregnancy 32.4 ± 5.4 years) for 
a total of 58 pregnancies (31 patients underwent one preg-
nancy; two pregnancies were recorded in nine patients, and 
three were recorded in three patients). Among the 43 women 
studied, 10 (23.3%) had macroadenomas, and 33 (76.7%) 
had microadenomas. At diagnosis, the median tumor diam-
eter was 6 mm (IQR 5–9 mm), and the median PRL was 
112.3 ng/ml (IQR 50–149.7 ng/ml). None of the patients 
underwent pituitary neurosurgery (NS) or radiotherapy (RT) 
before pregnancy, while a single patient underwent NS dur-
ing the postpregnancy follow-up (six years later). By the 
time of conception, 18 patients were receiving BRM therapy 
(dose 6.16 ± 6.6 mg/day; IQR 2.5–20 mg/day), and 40 were 



271Pituitary (2024) 27:269–276 

receiving CAB (dose 1.6 ± 3.3 mg/week, IQR 0.25–17.5 mg/
week). The two populations analysed were comparable in 
terms of age at diagnosis, age at pregnancy, prevalence of 
macro/microadenoma, adenoma size at diagnosis and PRL 
levels at diagnosis (Table 1). The estimated cumulative dose 
of BRM taken during pregnancy was 274.8 ± 399 mg (IQR 
2.5–1260 mg), the median foetal exposure time was 35 days 
(IQR 28–35 days), and the estimated cumulative dose of 
CAB was 4.6 ± 4.3 mg (IQR 1–18 mg), with a median foe-
tal exposure time of 28 days (IQR 28–35 mg) (Table 1). 
Although all patients were instructed to interrupt DA therapy 
once pregnancy was confirmed, in two cases, the patients 
continued BRM therapy throughout the course of gesta-
tion (in one there was no medical indication; in the other, 
there was severe headache). The patients were followed up 
for at least 10 years, with a mean of 16.4 ± 8.4 years (CAB 
12.7 ± 6.3 vs BRM 24.7 ± 6.3; p < 0.01).

1) Effectiveness of DA therapy before conception

Thirty-three of 43 patients (76.7%) achieved normaliza-
tion of PRL levels before pregnancy (nadir vs pretreatment: 

9.5  ng/ml, IQR 4.3–20.5  ng/ml vs 112.3  ng/ml, IQR 
50–149.7 ng/ml; p = 0.0003; Fig. 1A); of these, 15 patients 
had inhibited PRL levels (< 4.8 ng/ml). There was no sig-
nificant difference between CAB and BRM in terms of 
treatment duration to achieve PRL normalization, although 
patients treated with CAB tended to normalize PRL levels 
earlier (4.3 ± 1.7 months vs 9.4 ± 12.3 months; p = 0.08). 
In 11/43 patients (25.6%), the pituitary lesion exhibited a 
significant (> 20%) diameter reduction (4.9 ± 3.0 mm vs 
8 ± 5.45 mm; p = 0.01; Fig. 1B), and in three patients, the 
lesion completely disappeared before pregnancy. In all the 
other patients, the lesion did not undergo volumetric vari-
ations. The diameter of the tumor before pregnancy was 
significantly lower in the CAB group (p = 0.023) (Table 1).

2) Obstetric and neonatal outcomes

Forty-eight pregnancies (82.7%) came to term (38th–42nd 
week), eight ended in a preterm delivery (two in the CAB 
group and six in the BRM group), and two ended in a 
spontaneous abortion (both at the 10th week, one in the 
CAB group and one in the BRM group) (Table 1). No 

Table 1  Differences between clinical and biochemical data from patients with cabergoline- and bromocriptine-induced pregnancies

SD standard deviation; IQR  interquartile range; DA dopamine agonist

Variables Pregnancies on Cabergoline
(n. 40)

Pregnancies on Bro-
mocriptine
(n. 18)

P

Age at diagnosis (years); mean ± SD 27.4 ± 6.1 26 ± 5.7 0.413
Age at pregnancy (years); mean ± SD 33.2 ± 5.4 30.7 ± 5.1 0.111
Microadenoma; n (%) 34 (85%) 12 (67%) 0.161
Adenoma maximum diameter at diagnosis (mm); median [IQR] 6 [5.3; 8] 6.5 [5; 12] 0.919
Prolactin levels at diagnosis (ng/ml); median [IQR] 110.1 [62.4; 143] 112.3 [36; 318] 0.579
Adenoma diameter nadir before pregnancy (mm); mean ± SD 4.9 ± 3 7.3 ± 3.7 0.023
Prolactin levels nadir before pregnancy (ng/ml); median [IQR] 11 [4.5; 22.1] 5 [3.7; 19.5] 0.550
Breastfeeding (yes); n (%) 25 (64%) 10 (59%) 0.776
Breastfeeding weeks; median [IQR] 11 [0;35] 4 [0;16] 0.040
DA foetal exposure (days); median [IQR] 28 [28;35] 35 [28;35] 0.378
Preterm deliveries; n 2 6 0.812
Child weight at birth (gr); median [IQR] 3400 [3240; 3750] 3400 [3040; 3647] 0.600
Child born underweight; n (%) 3 (7.5%) 2 (11.2%) 0.892
Child born with macrosomia; n (%) 4 (10%) 1 (5.5%) 0.916
APGAR Score; median [IQR] 9 [9; 9] 9 [9; 9] 0.848
Child gender male; n (%) 22 (61%) 9 (56%) 0.767
Persistence of disease; n (%) 26 (67%) 11 (61%) 0.768
Adenoma diameter at last follow up (mm); median [IQR] 2 [0;5.2] 3 [2;5.5] 0.247
Prolactin levels at last follow up (ng/ml); median [IQR] 14.1 [8.7; 39.9] 20.1 [5.7; 48.6] 0.686
Delivery/pregnancy complications (yes); n (%) 11 (28%) 3 (18%) 0.513
Child complications (yes); n (%) 9 (24%) 0 (0%) 0.046
Child speech disorders (yes); n (%) 6 (15%) 0 (0%) 0.167
Duration of follow-up (years); mean ± SD 12.7 ± 6.3 24.7 ± 6.3  < 0.01
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congenital malformations, gestational trophoblastic dis-
ease or extrauterine implantation was found in any of the 
pregnancies. Sixteen of the 56 (28.6%) deliveries occurred 
by caesarean section (six cases for breech presentation, 
one case for macrosomia in gestational diabetes, one case 
due to absence of valid contractions, one case for wrap-
ping of the umbilical cord around the neck, three cases 
due to the advanced age of the mother, two cases for foe-
tal distress and two for preeclampsia; supplemental mate-
rial: Table 1S), 38/56 pregnancies (67.8%) resulted in 
spontaneous deliveries, and two were pharmacologically 
induced. The median new-born weight at birth was 3400 g 
(IQR 3240–3750 g), and the median APGAR score was 9 
(IQR 9–9). In the population of women receiving BRM, 
two children were born underweight (weight < 2500 g) 
(11.2%), 14 had a normal weight (77.8%) and one had 
macrosomia (5.5%); on the other hand, in the population 
of women treated with CAB, three children were found 
to have a weight at birth < 2500 g (7.5%), 32 had a nor-
mal weight (80%), and four had a macrosomal weight 
(10%). However, no significant difference was found in 
child weight between the CAB and BRM treatment groups 
(Table 1).

The following complications occurred during pregnancy 
or delivery: two cases of preeclampsia, two cases of gesta-
tional diabetes, one case of placenta previa and a new diag-
nosis of uterine fibroma. Foetal distress problems occurred 
in seven patients who presented with acute respiratory dis-
tress syndrome (ARDS) (Table 1, Table 1S).

Two of the patients studied continued to take BRM for the 
entire duration of gestation: the first gave birth preterm by 
caesarean section but had no complications in terms of foetal 

outcome; the other patient delivered spontaneously at full 
term without any complications during child development.

Thirty-six of the 56 infants (64.3%) were breastfed for a 
mean duration of 15.56 ± 20.32 weeks (range 2–96 weeks). 
The duration of breastfeeding in CAB patients was signifi-
cantly longer (p = 0.04) (Table 1).

The two groups showed a slight difference in terms of 
child complications during follow-up; these complications 
were more frequent (p = 0.046) in the CAB group (22.5% of 
CAB pregnancies, 15.5% of all pregnancies). To reduce bias 
resulting from including siblings, we performed a subanaly-
sis solely on the first pregnancies and no statistical differ-
ence was confirmed, although a trend of significance persists 
(supplemental material: Table 2S).

In women treated with CAB at conception, speech dis-
orders (transient) were found in six children, walking delay 
in one case and atopic dermatitis during childhood in 
two cases. None of these were found in the BRM women 
(Table 1).

According to the descriptive statistics, no significant dif-
ferences were found in terms of obstetric (complications 
during pregnancy, characteristics of delivery, spontane-
ous/caesarean delivery, or full/preterm birth) or neonatal 
(APGAR, weight at birth, malformations) outcomes between 
the CAB and BRM groups (Table 1).

Given that developmental disorders (speech and walk-
ing delay) were the most common alterations observed in 
children, we investigated any predictors of these disorders 
by assessing both maternal and foetal factors. Univariate 
regression analyses revealed that maternal age at pregnancy, 
weight at birth, APGAR score, breastfeeding duration, days 
of DA exposure, and pregnancy/delivery complications 

Fig. 1  A: Prolactin levels (ng/ml) at diagnosis and before pregnancy. B: adenoma maximum diameter (mm) at diagnosis and before pregnancy
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did not interfere with developmental problems (Table 2). 
Analysing these data considering first pregnancy only (data 
available for 41 patients) no significant differences emerged 
(supplemental material: Table 3S). 

3) Effect of pregnancy and breastfeeding 
on hyperprolactinemia and pituitary adenoma

After the last pregnancy, in 21/43 women (48.8%), remis-
sion of hyperprolactinemia, defined as normalization of PRL 
levels, was documented in the absence of therapy, while dis-
ease persistence was found in 22/43 (51.2%). Unexpectedly, 
in our series, a greater number of pregnancies per patient 
seemed to be associated with the persistence of the disease 
(p = 0.04).

To assess the impact of pregnancy on the pituitary 
lesions, we exclusively considered the first pregnancy 
of each patient (data available for 42 pregnancies). This 
approach was employed to eliminate the potential influ-
ence of restarting DA therapy between successive preg-
nancies. After the first pregnancy, 42.9% of patients 
achieved biochemical remission, while 57.1% exhibited 
persistent disease. Specifically, among those who achieved 

remission, 11/28 patients (39%) were treated with CAB, 
while 7/14 (50%) with BRM. However, no statistically sig-
nificant difference was observed (p = 0.740).

The two populations were similar in terms of age at 
diagnosis (p = 0.336), age at pregnancy (p = 0.354), preva-
lence of macro/microadenoma (p = 0.875), size of the ade-
noma at diagnosis (p = 0.574), breastfeeding (p = 0.920), 
and duration of breastfeeding (p = 0.633). PRL levels 
at diagnosis were similar between the two populations 
(p = 0.405), while the prepregnancy PRL nadir was sig-
nificantly lower in patients who achieved biochemical 
remission (4.6 ng/ml, IQR 2.8–10.6 ng/ml vs 12.4 ng/ml, 
IQR 4.8–27.0 ng/ml; p = 0.023).

Among the patients who did not achieve remission, 
17 restarted CAB, four restarted BRM, and three did not 
receive DA therapy. At the last follow-up, adenoma data 
were available for 22 of these patients. In the CAB group, 
four patients maintained lesion stability, nine experienced 
a reduction, and two experienced complete shrinkage. In 
the BRM group, two patients had stable lesions, one had a 
reduction, one had an increase, and none had total shrink-
age. Nevertheless, these differences were not statistically 
significant (p = 0.134).

Table 2  Variables associated with developmental disorders

IQR interquartile range; SD standard deviation, DA dopamine agonist

Variables No developmental disorders
(n. 46)

developmental disorders
(n. 7)

P

Age at diagnosis 26.6 ± 6.0 29.0 ± 7.1 0.351
Age at pregnancy 32.1 ± 5.3 34.1 ± 7.1 0.379
Microadenoma; n (%) 36 (78%) 6 (86%) 0.962
Adenoma maximum diameter at diagnosis (mm); median [IQR] 7 [5;9] 6 [6;6] 0.731
Prolactin levels at diagnosis (ng/ml); median [IQR] 121 [53–221] 65 [48.5–87.7] 0.097
Adenoma diameter nadir before pregnancy (mm); median [IQR] 5.8 [4.5–8.0] 4.0 [0.0–6.0] 0.096
Prolactin levels nadir before pregnancy (ng/ml); median [IQR] 10.2 [4.7;21.2] 4.5 [0.9;19.4] 0.265
Breastfeeding (yes); n (%) 29 (63%) 5 (71%) 0.994
Breastfeeding duration (weeks); median [IQR] 4 [0–24] 2 [0–39] 0.669
Foetal Exposure to DA (days); median [IQR] 28 [28–35] 28 [28–35] 0.770
CAB; n (%)
BRM; n (%)

31 (67.4%)
15 (32.6%)

7 (100%)
0 (0%)

0.171

Child weight at birth (gr); median [IQR] 3350 [3062–3692] 3530 [3295- 3652] 0.874
Delivery/pregnancy complications (yes); n (%) 11 (24%) 2 (29%) 0.937
APGAR SCORE; median [IQR] 9 [9–9] 9 [9–9] 0.205
APGAR SCORE 0.386
 ≤ 6 0 0
 7 1 0
 8 1 1
 9 26 6
 10 6 0
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Discussion

Our study confirmed the safety of administering DA to 
women affected by PRL-secreting tumours during the first 
weeks of pregnancy for maternal and foetal outcomes and 
for pituitary adenoma. In fact, in our series, the incidence 
of abortion was lower than that in the general population 
(6–9%) [16] or compared to that in other studies conducted 
on a similar population (9.1%, 9.8%, 10.2%, respectively) 
[11, 17, 18]. Furthermore, no cases of malformations have 
been reported in children born to women treated with 
BRM or CAB, in agreement with the findings of previous 
studies [18]. Additionally, the percentage of preterm births 
was comparable to that of the general population (13.7% vs 
12.7%), as was the percentage of low-birth-weight children 
(8.6% vs 8% in the general population) [19]. Additionally, 
in the case of a woman who was taking BRM during the 
whole pregnancy, no complications were detected.

No statistically significant differences were found in 
terms of obstetric or neonatal outcomes between CAB 
and BRM treatment. However, a higher rate of child com-
plications (six speech disorders, one walking delay, two 
atopic dermatitis) in infants born was found in the CAB 
group. Specifically, among them, developmental disorders 
(walking and speech delay) constituted the majority. All 
were mild and transient, and they were not influenced by 
the mother's age, birth weight, or breastfeeding. Although 
language disorders did not significantly differ between 
the two groups, in our case study they occurred in 10.7% 
of the whole children population (all in the CAB group). 
Also Lebbe et al. investigated this aspect in a series of 100 
pregnancies and found no difference in verbal fluency [15]. 
Furthermore, the reported prevalence of specific language 
impairments in the general population varies widely from 
2 to 12% [20]. In our study, a 15% (6/40) prevalence was 
documented in the CAB group,10.7% when considering 
the whole population studied, which is consistent with the 
findings of the literature. Very little is known about the 
etiology, and multiple causes are probable. In her work, 
Diepeveen et al. concluded that children with a speech 
disorder tended to have lower APGAR scores 5 min after 
birth; in addition, the difference in APGAR scores was 
greater for females than for males [20]. In our study, no 
difference emerged in the APGAR score between the two 
groups.

Our data demonstrate the safety of DAs in pregnancy, 
in contrast with the data from the EFEMERIS pharmaco-
epidemiological database study, which showed an increase 
in the rates of abortion and premature birth [21]. The data 
from this specific study were evaluated by the authors of 
the recent Pituitary Society guidelines [10]. In addition, 
most women in the exposed groups were treated with BRM 

and other DAs (quinagolide, lisuride, ropinirole, and pir-
ibedil) but not CAB. Conversely, a review of the literature 
for the European Society of Endocrinology Clinical Prac-
tice Guidelines, in accordance with our data, showed nor-
mal rates of miscarriage, preterm delivery, and congenital 
malformations with the use of CAB in prolactinoma [22].

The second endpoint of our study was to evaluate the 
impact of pregnancy and breastfeeding on pituitary tumours. 
Our results are less optimistic than previous ones. Indeed, 
the postpregnancy remission rate was 42.9%, which was sig-
nificantly lower than the 68% reported by Auriemma et al. 
[14]. A longer medical treatment before pregnancy and the 
inclusion of women with functional and nontumour hyper-
prolactinemia are possible causes of this discrepancy. In fact, 
in our study, we included only women with pituitary lesions 
and excluded patients with idiopathic hyperprolactinemia. 
On the other hand, the remission rate reported in our study 
was higher than that reported in other previous works, in 
which remission was documented in 15 to 35% of hyperpro-
lactinemic women [23–25]. Notably, in our study, we found 
no significant differences between women taking BRM or 
CAB. A higher probability of disease remission is related to 
lower PRL nadir obtained before pregnancy, which probably 
implies that the response to DA therapy plays a greater role 
in disease remission than pregnancy. We did not observe any 
correlation between the size of the adenoma at diagnosis 
and postpregnancy remission, unlike what was described 
in the study by Domingue et al., which reported a twofold 
greater remission rate in patients with microadenomas than 
in patients with macroadenomas (46% vs 26%) [26]. Con-
trary to what was previously described in the literature, our 
data showed a negative correlation between the number of 
pregnancies and the probability of disease remission; in fact, 
the women with the highest number of pregnancies had a 
lower healing rate. However, other studies have shown a 
similar percentage of patients in remission (18–33%) after a 
first, second or third pregnancy [26].

Finally, in women with prolactinoma, breastfeeding is 
generally considered safe, but few studies are available in the 
literature. In our study, no significant difference in remission 
rate was shown between women who breastfed and those 
who did not. Furthermore, breastfeeding duration was not 
related to remission status. These results, in agreement with 
the literature data, confirm that breastfeeding is not a risk 
factor for worsening of the disease [15]. Therefore, breast-
feeding should not be discouraged in these patients.

The major limitation of our study is its retrospective 
nature. Moreover, the children were not prospectively fol-
lowed up with formal developmental and language assess-
ments, and their health data were exclusively reported by 
mothers during interviews. Therefore, it is not possible to 
entirely rule out the presence of recall bias. Furthermore, 
although the sample initially included a greater number of 
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patients, the exclusion of some patients who were lost to fol-
low-up or who refused to participate in the study decreased 
the sample size. To mitigate further reduction in cases 
number, statistical analyses were first conducted on the 58 
pregnancies, each of which was treated as a distinct event. 
This approach neglected the potential familial predisposi-
tion to developmental disorders, potentially leading to an 
overestimation of the risk associated with the use of CAB. 
However, no substantial differences emerged analysing the 
first pregnancies only (Table 3S).

Finally, another limitation is the absence of a specific 
matched control group; therefore, the data concerning 
the occurrence of maternal-foetal and development out-
comes were compared with those available for the general 
population.

Conclusions

Foetal exposure to DA during the first weeks of embryo-
genesis is not associated with an increased risk of abortion, 
malformation or childhood disease. In our case series, a 
greater presence of mild and transient language disorders 
by maternal report was observed in the cabergoline group. 
However, it should be noted that this prevalence was compa-
rable to that observed in the general population. Finally, our 
data did not currently allow us to consider pregnancy and 
breastfeeding as predictive factors for persistence or recov-
ery from the disease.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11102- 024- 01384-1.

Author contributions N.P. and S.G. conceived and designed the study. 
C.B., D.C., L.S.A., M.S. and E.V. collected the results. N.P., A.M.B. 
and F.B. performed the data analysis, figure design and manuscript 
writing. S.G., V.G. and E.G. provided the needed support to investigate 
and supervise the findings of this work. All the authors revised the 
manuscript for important intellectual content and approved the final 
version.

Funding Open access funding provided by Università degli Studi di 
Torino within the CRUI-CARE Agreement. This research did not 
receive any specific grant from any funding agency in the public, com-
mercial, or not-for-profict sector.

Data avaiability The data sets generated and/or analyzed during the 
current study are not publicly available but are avaiable from the cor-
responding author on reasonable request.

Declarations 

Competing interests The authors declare that they have no actual or 
perceived conflicts of interest that could be perceived as prejudicing 
the impartiality of the research reported.

Ethical approval The protocol was in accordance with the principles 
of the Declaration of Helsinki and was approved by the local ethics 
committee.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Daly AF, Beckers A (2020) The epidemiology of pituitary adeno-
mas. Endocrinol Metab Clin North Am 49:347–355. https:// doi. 
org/ 10. 1016/j. ecl. 2020. 04. 002

 2. Kars M, Souverein PC, Herings RMC et al (2009) Estimated age- 
and sex-specific incidence and prevalence of dopamine agonist-
treated hyperprolactinemia. J Clin Endocrinol Metab 94:2729–
2734. https:// doi. org/ 10. 1210/ jc. 2009- 0177

 3. Huang W, Molitch ME (2019) Pituitary tumors in pregnancy. 
Endocrinol Metab Clin North Am 48:569–581. https:// doi. org/ 
10. 1016/j. ecl. 2019. 05. 004

 4. Melmed S, Casanueva FF, Hoffman AR et al (2011) Diagnosis 
and treatment of hyperprolactinemia: an endocrine society clinical 
practice guideline. J Clin Endocrinol Metab 96:273–288. https:// 
doi. org/ 10. 1210/ jc. 2010- 1692

 5. Ruiz-Velasco V, Tolis G (1984) Pregnancy in hyperprolactinemic 
women. Fertil Steril 41:793–805. https:// doi. org/ 10. 1016/ s0015- 
0282(16) 47888-x

 6. Krupp P, Monka C (1987) Bromocriptine in pregnancy: safety 
aspects. Klin Wochenschr 65:823–827. https:// doi. org/ 10. 1007/ 
BF017 27477

 7. Sant’ Anna BG, Musolino NRC, Gadelha MR et al (2020) A Bra-
zilian multicentre study evaluating pregnancies induced by caber-
goline in patients harboring prolactinomas. Pituitary 23:120–128. 
https:// doi. org/ 10. 1007/ s11102- 019- 01008-z

 8. Araujo B, Belo S, Carvalho D (2017) Pregnancy and tumor out-
comes in women with prolactinoma. Exp Clin Endocrinol Diabe-
tes 125:642–648. https:// doi. org/ 10. 1055/s- 0043- 112861

 9. Rastogi A, Bhadada SK, Bhansali A (2017) Pregnancy and tumor 
outcomes in infertile women with macroprolactinoma on caber-
goline therapy. Gynecol Endocrinol 33:270–273. https:// doi. org/ 
10. 1080/ 09513 590. 2016. 12541 77

 10. Petersenn S, Fleseriu M, Casanueva FF et al (2023) Diagnosis and 
management of prolactin-secreting pituitary adenomas: a pituitary 
society international consensus statement. Nat Rev Endocrinol. 
https:// doi. org/ 10. 1038/ s41574- 023- 00886-5

 11. Colao A, Abs R, Bárcena DG et al (2008) Pregnancy outcomes 
following cabergoline treatment: extended results from a 12-year 
observational study. Clin Endocrinol (Oxf) 68:66–71. https:// doi. 
org/ 10. 1111/j. 1365- 2265. 2007. 03000.x

 12. O’Sullivan SM, Farrant MT, Ogilvie CM et al (2020) An obser-
vational study of pregnancy and post-partum outcomes in women 
with prolactinoma treated with dopamine agonists. Aust N Z J 
Obstet Gynaecol 60:405–411. https:// doi. org/ 10. 1111/ ajo. 13070

https://doi.org/10.1007/s11102-024-01384-1
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ecl.2020.04.002
https://doi.org/10.1016/j.ecl.2020.04.002
https://doi.org/10.1210/jc.2009-0177
https://doi.org/10.1016/j.ecl.2019.05.004
https://doi.org/10.1016/j.ecl.2019.05.004
https://doi.org/10.1210/jc.2010-1692
https://doi.org/10.1210/jc.2010-1692
https://doi.org/10.1016/s0015-0282(16)47888-x
https://doi.org/10.1016/s0015-0282(16)47888-x
https://doi.org/10.1007/BF01727477
https://doi.org/10.1007/BF01727477
https://doi.org/10.1007/s11102-019-01008-z
https://doi.org/10.1055/s-0043-112861
https://doi.org/10.1080/09513590.2016.1254177
https://doi.org/10.1080/09513590.2016.1254177
https://doi.org/10.1038/s41574-023-00886-5
https://doi.org/10.1111/j.1365-2265.2007.03000.x
https://doi.org/10.1111/j.1365-2265.2007.03000.x
https://doi.org/10.1111/ajo.13070


276 Pituitary (2024) 27:269–276

 13. Colao A, Di Sarno A, Cappabianca P et al (2003) Withdrawal of 
long-term cabergoline therapy for tumoral and nontumoral hyper-
prolactinemia. N Engl J Med 349:2023–2033. https:// doi. org/ 10. 
1056/ NEJMo a0226 57

 14. Auriemma RS, Perone Y, Di Sarno A et al (2013) Results of a 
single-center observational 10-year survey study on recurrence 
of hyperprolactinemia after pregnancy and lactation. J Clin Endo-
crinol Metab 98:372–379. https:// doi. org/ 10. 1210/ jc. 2012- 3039

 15. Lebbe M, Hubinont C, Bernard P, Maiter D (2010) Outcome of 
100 pregnancies initiated under treatment with cabergoline in 
hyperprolactinaemic women. Clin Endocrinol (Oxf) 73:236–242. 
https:// doi. org/ 10. 1111/j. 1365- 2265. 2010. 03808.x

 16. Cattaruzza MS, Spinelli A (2000) Spontaneous abortion in 
Italy: social differences and temporal trends. Epidemiol Prev 
24:166–171

 17. Ricci E, Parazzini F, Motta T et al (2002) Pregnancy outcome after 
cabergoline treatment in early weeks of gestation. Reprod Toxicol 
16:791–793. https:// doi. org/ 10. 1016/ s0890- 6238(02) 00055-2

 18. Robert E, Musatti L, Piscitelli G, Ferrari CI (1996) Pregnancy 
outcome after treatment with the ergot derivative, cabergoline. 
Reprod Toxicol 10:333–337. https:// doi. org/ 10. 1016/ 0890- 
6238(96) 00063-9

 19. Nybo Andersen AM, Wohlfahrt J, Christens P et al (2000) Mater-
nal age and fetal loss: population based register linkage study. 
BMJ 320:1708–1712. https:// doi. org/ 10. 1136/ bmj. 320. 7251. 1708

 20. Diepeveen FB, De Kroon MLA, Dusseldorp E, Snik AFM (2013) 
Among perinatal factors, only the apgar score is associated with 
specific language impairment. Dev Med Child Neurol 55:631–
635. https:// doi. org/ 10. 1111/ dmcn. 12133

 21. Hurault-Delarue C, Montastruc J-L, Beau A-B et al (2014) Preg-
nancy outcome in women exposed to dopamine agonists during 

pregnancy: a pharmacoepidemiology study in EFEMERIS data-
base. Arch Gynecol Obstet 290:263–270. https:// doi. org/ 10. 1007/ 
s00404- 014- 3210-z

 22. Luger A, Broersen LHA, Biermasz NR et al (2021) ESE clinical 
practice guideline on functioning and nonfunctioning pituitary 
adenomas in pregnancy. Eur J Endocrinol 185:G1–G33. https:// 
doi. org/ 10. 1530/ EJE- 21- 0462

 23. Huda MSB, Athauda NB, Teh MM et al (2010) Factors determin-
ing the remission of microprolactinomas after dopamine agonist 
withdrawal. Clin Endocrinol (Oxf) 72:507–511. https:// doi. org/ 
10. 1111/j. 1365- 2265. 2009. 03657.x

 24. Rjosk HK, Fahlbusch R, von Werder K (1982) Influence of preg-
nancies on prolactinomas. Acta Endocrinol (Copenh) 100:337–
346. https:// doi. org/ 10. 1530/ acta.0. 10003 37

 25. Jeffcoate WJ, Pound N, Sturrock ND, Lambourne J (1996) Long-
term follow-up of patients with hyperprolactinaemia. Clin Endo-
crinol (Oxf) 45:299–303. https:// doi. org/ 10. 1046/j. 1365- 2265. 
1996. 00824.x

 26. Domingue M-E, Devuyst F, Alexopoulou O et al (2014) Out-
come of prolactinoma after pregnancy and lactation: a study on 
73 patients. Clin Endocrinol (Oxf) 80:642–648. https:// doi. org/ 
10. 1111/ cen. 12370

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1056/NEJMoa022657
https://doi.org/10.1056/NEJMoa022657
https://doi.org/10.1210/jc.2012-3039
https://doi.org/10.1111/j.1365-2265.2010.03808.x
https://doi.org/10.1016/s0890-6238(02)00055-2
https://doi.org/10.1016/0890-6238(96)00063-9
https://doi.org/10.1016/0890-6238(96)00063-9
https://doi.org/10.1136/bmj.320.7251.1708
https://doi.org/10.1111/dmcn.12133
https://doi.org/10.1007/s00404-014-3210-z
https://doi.org/10.1007/s00404-014-3210-z
https://doi.org/10.1530/EJE-21-0462
https://doi.org/10.1530/EJE-21-0462
https://doi.org/10.1111/j.1365-2265.2009.03657.x
https://doi.org/10.1111/j.1365-2265.2009.03657.x
https://doi.org/10.1530/acta.0.1000337
https://doi.org/10.1046/j.1365-2265.1996.00824.x
https://doi.org/10.1046/j.1365-2265.1996.00824.x
https://doi.org/10.1111/cen.12370
https://doi.org/10.1111/cen.12370

	Prolactin-secreting tumors, dopamine agonists and pregnancy: a longitudinal experience of a tertiary neuroendocrine center
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Statistics

	Results
	1) Effectiveness of DA therapy before conception
	2) Obstetric and neonatal outcomes
	3) Effect of pregnancy and breastfeeding on hyperprolactinemia and pituitary adenoma

	Discussion
	Conclusions
	References




