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Increasing cumulative cabergoline dose in patients with
prolactinoma improves metabolic parameters
independently of decrease in prolactin levels
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ABSTRACT

Objectives: In prolactinoma patients treated with cabergoline, all of whom achieved normoprolactinemia, lon-
gitudinal changes in metabolic parameters and the factors influencing these changes were investigated.
Methods: This retrospective-longitudinal study was conducted at a pituitary disease center. Medical records
of newly diagnosed prolactinoma patients between 2013 and 2023 were reviewed. After applying exclusion
criteria, 102 prolactinoma patients were included in the final analysis. Clinical and laboratory parameters of
prolactinoma patients were recorded. Metabolic parameters assessed were fasting plasma glucose, lipid levels,
fasting insulin levels, HbAlc levels, and Homeostatic Model Assessment-Insulin Resistance (HOMA-IR) lev-
els. Subsequently, metabolic parameters assessed at the initial and final visits were compared, and factors in-
fluencing these parameters were analyzed.

Results: All prolactinoma patients were treated with cabergoline, and all were in remission at their final visit.
The treatment significantly reduced fasting plasma glucose, HbAlc, and LDL cholesterol levels (P<0.05). Al-
though there were improvements in other lipid parameters, fasting insulin, BMI, and HOMA-IR compared to
baseline, the differences were not statistically significant. A correlation analysis was conducted to identify fac-
tors influencing fasting plasma glucose, HbAlc, and LDL cholesterol levels at the final visit in prolactinoma
patients. The analysis revealed that only the cumulative dose of cabergoline significantly impacted all three
metabolic parameters (P<0.05).

Conclusions: Cabergoline not only balances prolactin levels but also directly improves metabolic health. Cur-
rent and future evidence clearly indicates that dopamine agonists like cabergoline could be an effective treat-
ment not only for patients with prolactinomas but also for individuals affected by metabolic disorders without
hyperprolactinemia.
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mors [1]. A high amount of secreted prolactin leads to many systemic disorders. One of these is its

Trolactinomas are the most common pituitary tu- dysfunction and galactorrhea [2]. However, it also
leads to well-known effects such as gonadal effect on metabolism. Recently, some negative effects
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Metabolic effects of cabergoline in prolactinoma patients

of hyperprolactinemia on glucose and lipid metabo-
lism have been demonstrated [3]. Furthermore, nor-
malizing prolactin levels through treatment can bring
back metabolic disturbances in patients with prolactin-
oma [4]. Previous studies have reported hyper-
glycemia, hyperlipidemia, and increased BMI in
patients with prolactinoma. Dopamine agonists, par-
ticularly cabergoline, one of the primary treatments
for prolactinoma, have been shown to have beneficial
effects on these metabolic disturbances [3-5]. This
metabolic restoration is attributed to prolactin's nor-
malization, gonadal functions' improvement, and the
positive metabolic effects of the dopamine agonists
used for treatment [5]. Observing the change in meta-
bolic parameters of prolactinoma patients reveals that
both the hormone prolactin and the dopamine agonists,
which inhibit the release of this hormone in metabo-
lism, will make an essential contribution to our under-
standing. This study focused on the longitudinal
changes in metabolic parameters in a group of pro-
lactinoma patients treated with cabergoline, all of
whom achieved normoprolactinemia. Factors influ-
encing the altered metabolic parameters were also in-
vestigated.

METHODS

Study Design and Patients

The study adhered to the ethical principles for medical
research involving human participants described in the
World Medical Association's Declaration of Helsinki.
The Ethics Committee of Istanbul University-Cerrah-
pasa approved the study (Approval Number:
16.10.2023-711105). This retrospective-longitudinal
study was conducted at a pituitary disease center.
Medical records of patients newly diagnosed with pro-
lactinoma were reviewed between January 2013 and
January 2023. The inclusion criteria were: 1) adult pa-
tients over 18 years of age, i1) patients clearly diag-
nosed with prolactinoma based on guidelines [6], iii)
patients treated with cabergoline, and iv) patients reg-
ularly followed up for at least six months. The exclu-
sion criteria were: 1) patients with hyperprolactinemia
due to causes other than prolactinoma [7], ii) patients
followed without treatment (those whose treatment
was completed or those in a drug holiday), iii) patients

treated with bromocriptine, iv) patients treated with
surgery or radiotherapy, v) patients with incomplete
metabolic evaluations at diagnosis and during follow-
up, vi) patients receiving medical treatment for dia-
betes, hyperlipidemia, or obesity, vii) patients with
hypopituitarism (however, patients with gonadal dys-
function at diagnosis whose gonadal function im-
proved with cabergoline treatment were included), and
viii) patients with insufficient follow-up duration.

The medical follow-up records obtained the pa-
tients' clinical and laboratory data and medication use.
Data on medication use, duration, dosage, and inter-
vals were reviewed from a government digital data-
base (https://medeczane.sgk.gov.tr/doktor/login.jsp),
which provides information on the history of pre-
scribed medications.

Metabolic parameters evaluated at the initial and
final visits were then compared, and factors influenc-
ing these metabolic parameters were analyzed.

Patient Management and Definitions

Medical therapy with dopamine agonists (DAs)
was recommended as the initial treatment approach for
patients diagnosed with prolactinoma. Cabergoline
was initiated at 0.25-0.5 mg per week, and the DA
dose was gradually increased until prolactin levels
normalized. In this study, remission was defined as pa-
tients in whom symptoms had resolved, tumor pro-
gression was absent, and prolactin levels were below
20 ng/mL. Remission status was monitored every six
months by evaluating symptoms and measuring pro-
lactin levels.

Collected Data

The following parameters were examined in pro-
lactinoma patients: age, sex, height, weight, body mass
index (BMI), presenting symptoms, disease duration,
duration of cabergoline use, cumulative cabergoline
doses, comorbid conditions, and data on other med-
ications. At the time of diagnosis and the final visits,
the following were recorded: pituitary adenoma size,
prolactin levels, anterior pituitary hormone levels,
fasting plasma glucose, lipid levels, fasting insulin lev-
els, and HbAlc levels. Homeostatic Model Assess-
ment-Insulin Resistance (HOMA-IR) levels were
calculated using the formula: fasting plasma glucose
(FPG) (mg/dL) x fasting insulin (WU\mL) / 405 [8].

81

The European Research Journal | Volume 11

Issue 1 | January 2025



Eur Res J. 2025;11(1):80-87

Demir et al

Biochemical Assays

Fasting blood samples were collected between
8:00 and 9:00 AM. Prolactin levels were measured
using an electrochemiluminescence immunoassay
(ECLIA). FPG, insulin, total cholesterol, low-density
lipoprotein (LDL), high-density lipoprotein (HDL),
and triglycerides were measured using enzymatic col-
orimetric or immunoturbidimetric methods on
Roche/Hitachi Cobas ¢ systems.

Radiological Evaluation

High-resolution magnetic resonance imaging
(MRI) of the pituitary gland and hypothalamic region
was performed on all patients. Images were obtained
using 1.5 Tesla MRI machines until 2018, after which
a 3 Tesla MRI machine was used. The presence of a
hypointense lesion following the intravenous injection
of gadolinium indicated a pituitary adenoma. Lateral-
lateral, dorsoventral, and craniocaudal diameters were
measured, and the largest adenoma diameter was used
for analyses.

Statistical Analysis

Statistical analyses were performed using the Sta-
tistical Package for the Social Sciences (SPSS) soft-
ware (version 27.0). The data were first analyzed for
normality using the Kolmogorov-Smirnov test. Con-
tinuous variables were expressed as mean =+ standard
deviation (SD) and median (interquartile range [IQR]).
Student's t-tests or analysis of variance (ANOVA)
were used to compare means between groups with a
normal data distribution. Medians were compared
using the Mann-Whitney U test and the Kruskal-Wal-
lis test. Spearman's rank and Pearson correlation tests
were employed to calculate correlation coefficients be-
tween continuous variables. Frequencies were com-
pared using Pearson's chi-square test and Fisher's
exact test. A paired-sample t-test was used to deter-
mine whether the baseline metabolic parameters dif-
fered from the final visit values. Results were analyzed
with a 95% confidence interval, and a P-value < 0.05
was considered statistically significant.

RESULTS

Characteristics of Patients
The records of 328 newly diagnosed prolactinoma pa-

tients were reviewed. After applying the exclusion cri-
teria, 102 patients were included in the final analysis.
Table 1 presents the general characteristics of the pa-
tients.

Changes in Metabolic Parameters During Treat-
ment

The changes in metabolic parameters evaluated at
the time of diagnosis and the final visit in prolactin-
oma patients are presented in Table 2. Treatment sig-
nificantly reduced FPG, HbAlc, and LDL cholesterol
levels (P<0.05 for all). Although there was an im-
provement in other lipid parameters, fasting insulin,
BMI, and HOMA-IR compared to the baseline, the
differences were not statistically significant.

Initially, 12 patients had impaired fasting glucose.
After treatment, FPG returned to normal in six patients
(50%). Data on glucose metabolism of these 12 pa-
tients are shown in Table 3. FPG, HbAIc, insulin, and
HOMA-IR changes in patients with impaired glucose
metabolism were statistically significant (P<0.05 for
all). Although there was a decrease in all glucose pa-
rameters compared to the baseline after treatment in
90 patients with normal glucose metabolism at the be-
ginning, only the reduction in HbA 1c was significant
(P<0.01, Table 4). Hypoglycemia, defined as FPG <
65 mg/dL [9], was not observed in any patient.

There were 25 patients with LDL cholesterol lev-
els >130 mg/dL at diagnosis. In 10 (40%), LDL cho-
lesterol level decreased to normal after cabergoline
treatment. This group's LDL cholesterol change was
significant (baseline: 165.6 mg/dL, last visit: 140.6
mg/dL, P=0.002). There were 20 patients with triglyc-
eride levels above 150 mg/dL at diagnosis. After
cabergoline treatment, the triglyceride level of seven
patients (35%) returned to normal. The triglyceride
change in this group was insignificant (baseline: 273.9
mg/dL, last visit: 215.1 mg/dL, P=0.141). There were
12 patients with HDL cholesterol levels <50 mg/dL in
women and <40 mg/dL in men at diagnosis. After
cabergoline treatment, HDL cholesterol increased to
normal in six patients (50%). However, this increase
was not statistically significant (baseline: 36.9 mg/dL,
last visit: 40.9 mg/dL, P=0.082).

Factors Affecting the Changing Metabolic Param-
eters
A correlation analysis was performed to identify fac-
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Table 1. General characteristics of patients with prolactinoma

Characteristics

Patients with prolactinoma (n=102)

Sex (female), n (%)
Age at diagnosis (years)
Largest adenoma diameter at diagnosis (mm)
Prolactin at diagnosis (ng/mL)
Maximum cabergoline dose (mg/week)
Cumulative cabergoline dose (mg)
Cabergoline usage time (months)
Disease duration (months)
Largest adenoma diameter at last visit (mm)
Prolactin at last visit (ng/mL)
Presentation, n (%)

Galactorrhea

Oligomenorrhea

Erectile dysfunction

Loss of libido

Infertility

Visual field deficit

64 (62.7%)
32.7+12.5
10 (8-21)

226 (109-691)
1(0.5-2)

60 (20-150)
20 (10-50)
36 (18-60)

5(3-12)
12 (5-30)

39 (38.2)
45 (44.1)
17 (16.7)
21 (20.6)
5(4.9)
15 (14.7)

Data are shown as mean+tstandard deviation or median (interquartile range) or n (%)

tors influencing the fasting plasma glucose, HbAlc,
and LDL cholesterol levels measured at the final visit
in prolactinoma patients. The results are presented in
Table 5. The analysis showed that only the cumulative
dose of cabergoline used significantly affected all
three metabolic parameters (P<0.05 for all).

DISCUSSION

In this study, the metabolic changes in a group of pro-
lactinoma patients treated with cabergoline were lon-
gitudinally evaluated. After a median follow-up of
three years, the patients' fasting plasma glucose,

Table 2. Comparison of metabolic parameters evaluated at diagnosis and last visit in patients

with prolactinoma®

Parameters At diagnosis At last visit OR 95% CI P value
Plasma glucose (mg/dL) 88.7£19.1 83.9+11.8 2.004 1.987-3.654 0.048
Insulin (pU/mL) 14.149.4 12.246.7 1.584 -0.502-4.273 0.119
HbAlc (%) 5.5+0.5 5.240.7 4.019 0.172-0.509 0.001
HOMA-IR 2.9+1.2 2.6%1.6 1.487 -0.121-0.803 0.144
Total cholesterol (mg/dL) 193.5+41.7 187.9+39.7 1.429 -2.223-13.357 0.158
LDL-cholesterol (mg/dL) 125.4+37.7 113.5£35.4 3.352 4.839-19.095 0.001
HDL-cholesterol (mg/dL) 54.9+14.6 55.3+14.5 -0.273 -2.636-2.001 0.786
Triglyceride (mg/dL) 136.9+£58.9 128.5+96.4 0.654  -17.421-34.381 0.515
BMI (kg/m?) 27.1+£3.2 26.9+3.4 0.785 -1.527-1.912 0.711

Data are shown as mean+standard deviation. BMI=body mass index, Cl=confidence interval, HDL=high-density lipoprotein,
HOMA-IR=Homeostatic model assessment-insulin resistance, LDL=low-density lipoprotein, OR=0dds ratio
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Table 3. Changes in glucose metabolism with treatment in patients with impaired glucose
metabolism at baseline
Parameters (n=12) At diagnosis At last visit OR 95% CI P value
Plasma glucose (mg/dL) 117.6£29.2 104.8£18.5 3.114 0.487-0.554 0.003
Insulin (uU/mL) 19.94+9.8 16.1£8.7 5.584 0.102-0.273 0.001
HbAlc (%) 6.1+0.5 5.8+0.7 1.011 -0.163-0.487 0.140
HOMA-IR 4.6+1.8 3.5+1.7 1.487 0.213-0.312 0.001

Data are shown as meanztstandard deviation. CI=confidence interval, HOMA-IR=Homeostatic model assessment-insulin

resistance, OR=odds ratio

HbAlc, and LDL cholesterol levels significantly de-
creased compared to baseline. In patients with initially
impaired glucose metabolism, glucose metabolism re-
turned to normal in 50% of patients with treatment. In
addition, 40% of patients with high LDL cholesterol
levels achieved normal LDL levels with cabergoline
treatment. Moreover, a significant relationship was
found between these parameters and the cumulative
dose of cabergoline used. It was observed that as the
cumulative cabergoline dose increased, the reductions
in these metabolic parameters were more pronounced.
It is well-established that elevated prolactin levels in
prolactinoma patients are associated with metabolic
disorders [3]. Previous studies have reported hyper-
glycemia, hyperlipidemia, and increased BMI in pa-
tients with prolactinoma [10-37]. Dopamine agonists,
particularly cabergoline, one of the primary treatments
for prolactinoma, have been shown to have beneficial
effects on these metabolic disturbances. In patients
who achieve normoprolactinemia with treatment, im-
provements in metabolic abnormalities are observed
[24-28]. These improvements are attributed to normal-
ization of prolactin levels and the positive metabolic

effects of cabergoline [31-33]. The beneficial effects
of dopamine agonists on metabolic disorders have
been demonstrated even in patients without hyperpro-
lactinemia [24].

Prolactin receptors have been identified in insulin-
secreting pancreatic beta cells [16]. Elevated prolactin
levels lead to an increase in both beta cell mass and
insulin secretion [17]. Additionally, dopamine recep-
tors (D2DR) are also present in beta cells, and the ad-
ministration of dopamine agonists, such as
cabergoline, reduces insulin secretion from the pan-
creas [38]. Glucose profile and insulin resistance im-
provements have been reported in prolactinoma
patients following cabergoline treatment [26, 27].
Long-term cabergoline therapy has been shown to re-
duce fasting insulin and HOMA-IR levels, correlating
with the cumulative dose of cabergoline [33]. In our
study, fasting plasma glucose and HbAlc levels sig-
nificantly decreased with treatment. However, al-
though insulin and HOMA-IR levels decreased
compared to baseline, the changes did not reach sta-
tistical significance. The improvement in glucose pro-
files observed in our study was strongly correlated

Table 4. Changes in glucose metabolism with treatment in patients with normal glucose

metabolism at baseline

Parameters (n=90) At diagnosis At last visit OR 95% CI P value
Plasma glucose (mg/dL) 85.5+18.1 84.6£16.3 2.025 -0.564-0.162 0.052
Insulin (WU/mL) 13.4+6.4 10.6+£7.6 4.357 -0.814-0.581 0.140
HbAlc (%) 5.4+0.6 5.2+0.5 1.011 0.175-0.339 0.001
HOMA-IR 2.4=£1.0 2.3£1.1 3.245 -0.314-0.124 0.120

Data are shown as meanzstandard deviation. CI=confidence interval, HOMA-IR=Homeostatic model assessment-insulin

resistance, OR=o0dds ratio
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Table 5. Evaluation of factors affecting metabolic parameters that showed significant changes

during follow-up using correlation analysis

Metabolic parameters

Cumulative cabergoline dose

Disease duration Prolactin at last visit

P value r-value* P value r-value* P value r-value*
Fasting plasma glucose 0.038 -0.211 0.097 -0.047 0.226 -0.017
HbAlc 0.012 -0.316 0.091 -0.036 0.317 -0.046
LDL-cholesterol 0.006 -0.418 0.076 -0.012 0.199 -0.032

*The r value expresses the direction and coefficient of correlation.

LDL: low-density lipoprotein

with the cumulative cabergoline dose. Our findings
support the hypothesis that, in addition to prolactin
normalization, cabergoline has a beneficial effect on
glucose metabolism regulation.
Dyslipidemia has been frequently reported in pro-
lactinoma patients and is characterized by increased
total cholesterol, LDL, triglycerides, and decreased
HDL levels [35, 36, 39]. Hyperprolactinemia is
thought to be responsible for this unfavorable lipid
profile by inhibiting apolipoprotein biosynthesis [37].
In our study, improvements in lipid metabolism were
observed after treatment compared to baseline. No-
tably, there was a significant reduction in LDL levels
following treatment. Although positive changes were
also noted in other lipid parameters, these did not
reach statistical significance. Additionally, the im-
provement in the lipid profile was correlated with the
cumulative dose of cabergoline used.
Hyperprolactinemia can lead to increased appetite,
weight gain, and obesity [10-14]. Prolactinoma pa-
tients have been reported to have higher body fat mass
than healthy controls [39]. Moreover, elevated pro-
lactin levels may result from metabolic risk factors
such as waist circumference and visceral fat accumu-
lation. It is believed that long-term treatment with
cabergoline may improve waist circumference and
body composition. Notably, in hypogonadal male pro-
lactinoma patients, the addition of testosterone re-
placement therapy to cabergoline treatment has been
associated with more pronounced improvements in
body composition [40]. In our study, although a de-
crease in BMI was observed after treatment in pro-
lactinoma patients, it did not reach statistical
significance. This may be due to excluding hypogo-
nadal patients receiving replacement therapy, in whom

improvements are likely more pronounced. Addition-
ally, our study did not perform waist circumference
and visceral fat measurements, which may explain the
lack of significant changes observed.

This study confirmed that metabolic improve-
ments were observed in prolactinoma patients when
disease control was achieved through treatment. Our
results suggest that these improvements may be attrib-
uted not only to the achievement of normoprolactine-
mia but also to the beneficial metabolic effects of
cabergoline. However, our study has some limitations.
First, the causal relationship at the molecular level be-
tween metabolic parameters, prolactin, and cabergo-
line was not established. Nevertheless, the metabolic
improvements observed in a relatively large cohort
with long-term follow-up are likely attributable to pro-
lactin normalization and cabergoline treatment. Addi-
tionally, only patients without gonadal dysfunction
were included in the study, meaning that the results
are independent of gonadal replacement therapy. Since
all patients achieved normoprolactinemia, the findings
likely reflect the positive metabolic effects of caber-
goline. Another limitation is that patients treated with
other modalities, such as surgery, were excluded.
However, surgery in our center is typically reserved
for more challenging prolactinoma cases [41, 42],
which often present with additional hormonal distur-
bances that could affect the outcomes [43]. A further
limitation is the lack of advanced metabolic assess-
ments. Due to the study's retrospective nature, more
detailed evaluations, such as oral glucose tolerance
tests, apolipoprotein measurements, waist circumfer-
ence, and body composition analyses, were unavail-
able. Future prospective, large-scale, and
molecular-level studies could provide stronger evi-
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dence and highlight metabolic restoration as a thera-
peutic goal in prolactinoma patients.

CONCLUSION

Prolactin is a hormone with widespread metabolic ef-
fects, and elevated prolactin levels have been clearly
shown to negatively impact metabolism in prolactin-
oma patients. Achieving normoprolactinemia through
appropriate treatment is critical in restoring these pa-
tients' metabolic balance. However, cabergoline pro-
vides direct metabolic benefits beyond normalizing
prolactin levels. Current and future research suggests
that dopamine agonists like cabergoline may represent
a powerful therapeutic option not only for prolactin-
oma patients but also for individuals suffering from
metabolic disorders who do not have hyperprolactine-
mia. This opens up a new and promising treatment av-
enue for managing metabolic disorders in broader
patient populations with dopamine agonists.
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