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Metabolic effects of prolactin
and the role of dopamine
agonists: A review
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Prolactin is a polypeptide hormone that is well known for its role in

reproductive physiology. Recent studies highlight its role in neurohormonal

appetite regulation and metabolism. Elevated prolactin levels are widely

associated with worsening metabolic disease, but it appears that low

prolactin levels could also be metabolically unfavorable. This review

discusses the pathophysiology of prolactin related metabolic changes, and

the less commonly recognized effects of prolactin on adipose tissue, pancreas,

liver, and small bowel. Furthermore, the effect of dopamine agonists on the

metabolic profiles of patients with hyperprolactinemia are discussed as well.
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Prolactin physiology

Prolactin is a polypeptide hormone best known for its role in lactation and breast

development. It is primarily produced by lactotrophs in the anterior pituitary, which

make up 15-20% of the total number of pituitary cells in both males and females (1, 2).

Prolactin is regulated via negative feedback from dopamine and also acts in a self-

regulatory manner by promoting dopamine release (3, 4). Dopamine is secreted by

neurons in the arcuate nucleus of the hypothalamus and acts on dopamine receptors (D2)

in the anterior pituitary to inhibit prolactin synthesis and secretion. It was previously

thought that prolactin was only produced by lactotrophs in the anterior pituitary, but

recent literature indicates prolactin is also produced by the central nervous system (CNS),

adipose tissue, immune system, uterus, mammary glands, and prostate gland (3, 5). The

presence of prolactin receptors in nearly all organs suggests complex systemic effects of

prolactin far beyond its role in reproduction, reclassifying it as a unique circulating

hormone with autocrine, paracrine, and endocrine effects.
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During pregnancy and lactation, prolactin plays an

important role in systemic signaling. It leads to maternal

adaptations that help meet the increased metabolic demands

of pregnancy (6, 7). High prolactin levels promote food intake,

weight gain, leptin resistance and the insulin resistant state seen

in pregnancy which allows glucose to be diverted to the

developing fetus (1, 7–11). These metabolic effects of prolactin

are crucial to maintain metabolic homeostasis of the mother-

fetus unit. This review summarizes the effects of prolactin on

metabolism in the non-pregnant state.
Prolactinoma

While there are many causes of elevated prolactin levels,

prolactinomas are the leading cause of hyperprolactinemia

(Table 1) (17, 20). Prolactinomas arise from lactotroph cells of

the anterior pituitary and make up about 40% of all pituitary

adenomas. Ninety percent of these tumors are less than 1 cm and

are categorized as microadenomas, and the other 10% are greater

than 1 cm and are considered to be macroadenomas (3, 12).

Although older guidelines suggest higher cut-offs (>250 ng/mL)

to diagnosis prolactinomas, newer studies highlight the ratio of

prolactin to tumor volume and lower levels, between 55-94 ng/

mL, may also suggest prolactin secreting pituitary tumors (13,

35–37). This distinction is important to keep in mind when

differentiating prolactin secreting tumors from other causes

of hyperprolactinemia.

Prolactinomas are most often seen in female patients

between the ages of 20 to 40. Young females may experience

symptoms of galactorrhea and amenorrhea. Males may

experience impotence and erectile dysfunction, but often

present later in their course with headaches and visual deficit

secondary to mass effects from larger tumors (3). Regardless of

the cause, hyperprolactinemia is strongly correlated with

widespread metabolic alterations including obesity, insulin

resistance, dyslipidemia, non-alcohol fatty liver disease

(NAFLD) and endothelial dysfunction (Figure 1) (6, 38–40).

The pathophysiology of hyperprolactinemia and infertility is

complex; there is significant crossover of the neuropeptides

involved in the regulation of fertility and metabolism. In

women, elevated prolactin levels are thought to cause

infertility by suppressing pulsatile gonadotropin releasing

hormone (GnRH) release that is necessary to induce

luteinizing hormone (LH) and follicle stimulating hormone

(FSH) secretion and ovulation (41). The pulsatile release of

GnRH is stimulated by a neuropeptide called kisspeptin (17).

Kisspeptin is secreted by the kisspeptin, neurokinin B, and

dynorphin neurons (KNDy) in the hypothalamus. KNDy

neurons express prolactin receptors and hyperprolactinemia

causes a decrease in kisspeptin secretion hence decreasing

pulsatile GnRH release (Figure 2) (41). The therapeutic role of
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kisspeptin in patients with hyperprolactinemia-induced

infertility has recently been studied. Kisspeptin may be used to

stimulate GnRH secretion and restore ovarian function (42, 43).

Kisspeptin also exerts metabolic effects both directly via

receptors in the brain, pancreas and adipose tissue and

indirectly though the GnRH reproductive axis pathway (44).

Kisspeptin synthesis and release is regulated by metabolic

factors, such that it is only secreted in situations of energy

surplus to sustain reproduction (45, 46). Several animal studies

support the theory that kisspeptin may be involved in regulating

insulin secretion and lipid metabolism, suggesting there may be

a role of kisspeptin in the treatment of these metabolic

derangements (47–49).
Metabolic effects of prolactin

Neurohormonal appetite regulation

Prolactin plays a significant role in the neurologic regulation

of appetite and satiety (Figure 3). The arcuate nucleus of the

hypothalamus, and specifically, anorectic pro-opiomelanocortin

(POMC), orexigenic neuropeptide Y (NYP), and agouti-related

peptide neurons (AgRP) are key players in the regulation of

appetite (6, 50). The arcuate nucleus integrates signals from

circulating nutrients and hormones such as leptin and insulin to

maintain metabolic homeostasis (51). Leptin is an adipokine

secreted in direct proportion to the both the size and quantity of

adipocytes in the body; it suppresses NYP and AgRP neurons at

the arcuate nucleus, thereby suppressing appetite (52, 53).

Prolactin may influence the hypothalamic appetite pathway in

different ways. Though the molecular mechanism remains

elusive, prolactin may exert influence on the arcuate nucleus

indirectly by causing leptin insensitivity (54). Chronically

elevated prolactin can create a pseudopregnancy state with

resultant hyperphagia and weight gain (55, 56).

Additionally, disruption of CNS dopaminergic tone with

relative dopamine deficiency may lead to hyperphagia. As

described above, prolactin self regulates by increasing

dopamine release (4). In high prolactin states, central

dopaminergic neurons become refractory to prolactin,

contributing to weight gain and insulin resistance (7, 38, 57).

Therefore, in addition to prolactin’s potential influence on eating

behaviors through leptin insensitivity, prolactin may further

stimulate hyperphagia by decreasing dopaminergic tone (7).

Patients with polycystic ovarian syndrome (PCOS) have low

hypothalamic dopaminergic tone leading to inappropriate

prolactin and LH secretion. Ironically, high prolactin levels in

this disease state can be associated with improved metabolic

profiles (31, 32, 58, 59). However further discussion of PCOS

related hyperprolactinemia is outside the scope of this article (32,

59, 60).
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TABLE 1 Causes of Hyperprolactinemia.

Physiological Pathological Pharmacological Lab Error
etiology: Mechanism: etiology: Mechanism: etiology: Mechanism: etiology: Mechanism:

Pregnancy • PRL levels
progressively
increase
throughout the
course of a
normal
pregnancy (6,
7)

Prolactinomas • PRL secreting
pituitary adenoma
(12–14)

Antipsychotics • FGAs are more likely
to cause hyperPRL
due to higher affinity
for D2R • SGAs have
a higher affinity for
5HT2A and lower
affinity for D2R
resulting in less
hyperPRL (with the
exception of
risperidone,
paliperidone, and
amisulpride) (15, 16)

Macroprolactin • Most PRL is
monomeric, however
there are larger
isoforms (i.e. PRL-IgG,
PRL-IgA complexes)
known as
macroprolactin •

Macroprolactin can
cross react with PRL in
commercial
immunoassays and
cause incorrect
hyperprolactinemia
diagnoses (12, 13, 17)

Lactation • Suckling
induces PRL
release (2, 7)

Hypothalamic
and Pituitary
Stalk Disorders

• Lesions that
compress the
pituitary stalk can
interrupt dopamine
inhibition of PRL
release (ex: NFPA,
Rathke's cyst,
craniopharyngioma,
meningioma, etc.)
(13, 14, 18, 19)

Antidepressants and
Anxiolytics

• Affect on
Serotonergic pathways
can lead to mild
increase in PRL (20,
21)

Ovulation • The high
estrogen state
seen during
ovulation can
cause increased
PRL release (7,
17)

Primary
Hypothyroidism

• High TRH
stimulates
lactotroph cells to
secrete PRL (22)

Antiemetics • Antagonize D2R,
causing hyperPRL
(Domperidone,
Metoclopramide) (21).

Stress • Mechanism is
not well
understood •

Stress may
induce changes
in dopamine
and serotonin,
increasing PRL
release (23, 24)

Chronic Renal
Failure

• Combination of
decreased PRL
excretion and
increased PRL
secretion (25)

Opioids • m-, k- and d- opioid
receptor mediated
hyperPRL (26)

Chest Wall
Injury

• Likely a
similar
mechanism to
suckling (13,
27)

Cirrhosis • Decrease in
dopamine inhibition
of PRL and increase
in estrogen (28)

Antihypertensives • Verapamil (non-
dihydropyridine
calcium channel
blocker) suppresses
dopamine and can
cause hyperPRL (29)

Exercise • Mechanism is
not well
understood
• PRL may be
elevated for
about 30
minutes after
high intensity
exercise (13,
30)

Polycystic
Ovarian
Syndrome

• Mechanism is not
well understood
• Elevated PRL is
often seen in PCOS
(31, 32)

Seizures • Mechanism is not
well understood
• There may be a
transient increase in

(Continued)
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Adipose tissue
At physiologic levels (male 2-18 ng/mL, female 2-30 ng/mL),

prolactin is important in maintaining adipogenesis and

adipocyte differentiation. It is secreted by human adipocytes

and has autocrine effects causing decreased activity of

lipoprotein lipase and inhibiting lipolysis (38). Kok et al.

demonstrated that obese women have higher prolactin

secretion compared to healthy weight controls (61). They

found that spontaneous prolactin release is increased in obese

women, proportional to both body mass index (BMI) and

visceral fat likely linked to decreased D2 activity (61). While it

is recognized that significantly elevated prolactin levels are

associated with weight gain, obesity, and overall metabolic
Frontiers in Endocrinology 04
dysfunction, the metabolic effects of prolactin vary even within

a physiologic range (6, 38, 62–66). A recent study by Liu et al.

categorized patients as metabolically healthy obese (i.e. BMI ≥ 30

with normal triglycerides, high density lipoprotein (HDL), blood

pressure, and fasting blood glucose), metabolically unhealthy

obese (i.e. BMI ≥ 30 with abnormal triglycerides, HDL, blood

pressure, or fasting blood glucose), and controls (67). They

found that metabolic healthy obese patients had slightly

higher, although still physiological, prolactin levels (19.9 ng/

mL) compared to metabolically unhealthy obese patients (14.4

ng/mL) and controls (12.4 ng/mL). These findings suggest that

normal prolactin levels may serve as a regulatory mechanism,

favoring energy metabolism in the obese state (67, 68).

Prolactin is also involved in metabolism through its effect on

adiponectin, a hormone secreted by adipose tissue. Low
TABLE 1 Continued

Physiological Pathological Pharmacological Lab Error
etiology: Mechanism: etiology: Mechanism: etiology: Mechanism: etiology: Mechanism:

PRL release 10-20
minutes post seizure
(33, 34)
PRL, prolactin; NFPA, non-functioning pituitary adenoma; TRH, Thyrotropin-releasing hormone; PCOS polycystic ovarian syndrome; FGA, first generation antipsychotic; SGA second
generation antipsychotic; 5HT2A, Serotonin 5HT2A Receptor; D2R, Dopamine Receptor D2; hyperPRL, hyperprolactinemia.
FIGURE 1

Metabolic effects of hyperprolactinemia.
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FIGURE 2

Proposed mechanism of hyperprolactinemia induced infertility. Prolactin (PRL) binds receptors on kisspeptin, neurokinin B, and dynorphin
neurons (KNDy) in the hypothalamus, decreasing the release of Kisspeptin. Low kisspeptin may cause loss of gonadotropic releasing hormone
(GnRH) pulsatility resulting in decreased follicle stimulating hormone (FSH) and luteinizing hormone (LH) and therefore infertility.
FIGURE 3

Neurohormonal appetite regulation. The arcuate nucleus of the hypothalamus integrates signals from insulin, leptin, and circulating nutrients.
Leptin is secreted by adipose tissue and suppresses agouti-related protein (AgRP) and neuropeptide Y (NYP) neurons (red inhibition lines) to
suppress appetite. Prolactin may also bind to the arcuate nucleus receptors leading to leptin insensitivity (red inhibition line).
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adiponectin levels are associated with insulin resistance, obesity,

and atherosclerosis (69). A study on adiponectin during

pregnancy suggests that prolactin likely suppresses maternal

adiponectin, thereby contributing to the new homeostatic set

point characteristic of pregnancy (69). Although there have not

been definitive studies demonstrating the same role for

adiponectin in the non-pregnant state, animal studies have

shown that adiponectin secretion is significantly suppressed by

prolactin in mice in vivo and in human adipose tissue in

vitro (70).
Pancreas

Prolactin acts to modulate beta cell growth and insulin

resistance through direct action on the pancreas (71, 72). In

fetal life, prolactin is important in pancreatic islet cell

development. It has been shown that prolactin receptor

deficient mice have reduced beta cell mass and lower insulin

content, implying that prolactin plays a key role in developing

beta cells during embryogenesis and gestation (7, 73, 74). In

addition to dopamine’s role in regulating prolactin, dopamine

impacts glucose homeostasis through a variety of mechanisms

that are entirely independent of prolactin. Dopamine receptors

(D2 and D3) found in the pancreas play a role in regulating

insulin secretion (75). Blocking dopamine receptors can result in

glucose intolerance, hyperinsulinemia, and weight gain. In fact,

bromocriptine which is FDA approved for use in patients with

type 2 diabetes, is a dopamine agonist that increases insulin

sensitivity and decrease glycogen formation (76). Bromocriptine

is effective in reducing hemoglobin A1C by 0.4-0.8% and

improving hyperlipidemia and obesity, thereby decreasing

cardiovascular risk by up to 40% (77, 78).

The concentration of prolactin influences the relationship

between prolactin and insulin resistance. A study by Wagner

et al. with participants between ages 18-80, found that over the

age of 29 higher prolactin levels were associated with insulin

sensitivity and lower glucose levels (AUC, P<0.0005) (79). It is

hypothesized that this relationship may be due to differences in

dopaminergic tone in the CNS and its effect on peripheral

metabolism (79). Although causality is hard to predict and

larger studies are needed, this suggests an age-dependent

relationship of prolactin and insulin sensitivity (79). Park et al.

found that in diabetic mice, beta cell expansion is stimulated by

both low (25 µg/kg bw/12 h) and high (250 µg/kg bw/12 h) dose

prolactin injections (80). At the end of the experimental period,

mice receiving low dose prolactin injections had a mean

prolactin level of 43.8 +/- 4.2 ng/mL and improved hepatic

insulin sensitivity and insulin secretion. In contrast, mice

receiving high prolactin doses had a mean prolactin level of

205.3 +/- 6.8 ng/mL with increased insulin resistance and

impaired glucose tolerance (80, 81). The effect of treatment
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with prolactin lowering drugs, i.e. dopamine agonists, on various

metabolic parameters is discussed in section 4.
Liver

At physiologic levels, prolactin may have a protective role in

the liver. Prolactin receptors are expressed widely throughout

the liver. Prolactin acts on these receptors to prevent hepatic

steatosis by decreasing triglyceride accumulation (6, 82, 83). The

CD36 fatty acid transporter is central in the pathogenesis of

hepatic steatosis. Increased hepatic prolactin receptor expression

is associated with decreased CD36 gene expression, thereby

protecting against the development of hepatic steatosis (84).

Zhang et al. found that prolactin levels are lower in patients with

NAFLD compared to healthy controls (84). Furthermore,

prolactin levels were found to be lower in patients with severe

hepatic steatosis when compared to patients with mild to

moderate disease (84). This does not hold true in pathological

hyperprolactinemia secondary to pituitary adenomas. In these

patients with significantly elevated prolactin, the protective

effects of the hormone disappear. Patients may develop

increased triglyceride and lipid droplet accumulation, favoring

development of hepatic steatosis [25]. The underlying

mechanism of this is poorly understood.

In addition to its role in hepatic steatosis, prolactin has been

shown to impact insulin sensitivity. Prolactin improves hepatic

insulin sensitivity by inducing signal transducer and activator of

transcription 5 (STAT5) phosphorylation (6). Prolactin receptor

expression is increased in insulin sensitive states and decreased

in insulin resistant states both in vitro and in vivo. Supporting

this proposed mechanism, it has been shown that hepatic

prolactin receptor knock-out mice display impaired glucose

tolerance and worsening insulin resistance (85).
Small bowel

Though not classically considered to be a metabolic organ,

the small bowel is essential for nutrient absorption and therefore

can impact weight gain and metabolism. Throughout pregnancy

and lactation, prolactin is thought to act on receptors expressed

throughout epithelial cells of the small intestine. A study in

rodents showed that prolactin causes the small bowel surface

area to increase, through both increasing height of the villi and

length of the small intestine to allow for maximum nutrient

absorption (86, 87). Though this is a compelling theory, studies

on this topic are conflicting (88). Interestingly, prolactin’s effect

on the intestinal mucosa has been specifically shown to increase

intestinal calcium absorption in rats in vivo and human tissue in

vitro which further supports the demands of pregnancy and

lactation (89). Little research has been conducted on the
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influence of prolactin on the small bowel outside of the context

of reproduction.
Metabolic effects of dopamine
agonists in patients with
hyperprolactinemia

It is well established that hyperprolactinemia causes

metabolically deleterious effects (6, 38). Dopamine agonists

bromocriptine (BRC) and cabergoline (CAB) are usually first

line, though some patients require pituitary surgery and rarely

radiation therapy to control their hyperprolactinemia. Table 2

summarizes seminal studies evaluating the metabolic effects of

dopamine agonists in patients with hyperprolactinemia. We

reviewed 17 studies from 2002 to 2021 that looked at changes

in metabolic parameters including BMI, low density lipoprotein

(LDL), and homeostatic model assessment for insulin resistance

(HOMA-IR) (90–106). The average sample size was 28 and 11 of

the studies reviewed were prospective. Across all studies, the

mean age of patients at baseline was 35.1 years. Approximately

51% of the patients studied were female and 43% of tumors were

macroprolactinomas. All 17 studies used a dopamine agonist as

treatment (10 used CAB only, 6 used BRC or CAB, 2 used BRC

only), and in 2 of these studies pituitary surgery was used in

addition to medical therapy. No notable differences were seen

between the 2 studies that used surgery in addition to medical

treatment compared to those that used medical treatment alone,

indicating that these results were independent of the modality

of treatment.

The mechanism by which prolactin levels maintain

metabolic homeostasis is not clearly understood. Of the 17

studies listed in Table 2, 15 evaluated the effects of treatment of

elevated prolactin on BMI. Of these studies, 8 found a

statistically significant decrease (p < 0.05) in BMI (mean of

27.2 pre-treatment vs. 25.5 post-treatment, average decrease of

1.92) after a mean of 14.4 months of treatment (92, 93, 95–97,

99, 101, 102), while 7 did not (90, 94, 98, 100, 103, 105, 106). Of

the 16 studies that reported LDL values, 12 studies found a

statistically significant decrease (p < 0.05) in LDL (mean of

121.2 mg/dL pre-treatment vs. 100.8 mg/dL post-treatment,

average decrease of 20.4 mg/dL) after a mean of 12 months of

intervention (90, 93–103), while 4 did not reach significance

(91, 92, 104, 105). Pala et al. found that improvement in lipid

parameters is not related to weight loss or BMI, suggesting that

there is likely a direct effect of dopamine agonists on lipids that

is independent of weight (97). Likewise, Auriemma et al. found

that weight, waist circumference, and BMI are significantly

reduced after 60 months of CAB treatment (99). The

prevalence of metabolic syndrome appears to decrease in a

shorter different time frame, at 12 months, again supporting
Frontiers in Endocrinology 07
the idea that metabolic syndrome is at least somewhat

independent of weight loss (99). Though prolactin is

involved in lipid metabolism, D2 receptors are also present

on adipose tissue, implying an independent regulatory role for

dopamine (99). Ciresi et al. found no association between

prolactin levels and metabolic parameters at baseline or at 12

months follow up (100). They report that the relationship

between decrease in prolactin levels and improvement of

metabolic parameters appears to reflect the effect of

treatment with dopamine agonists, rather than prolactin

normalization (100). This supports that idea that dopamine

agonists offer a prolactin-independent mechanism of

improving a patient’s metabolic profile. This discrepancy

between improvement in BMI and LDL in the reported

studies could possibly be due to the independent effects of

dopamine and prolactin.

Of the 12 studies that evaluated HOMA-IR improvement

in hyperprolactinemic patients treated with dopamine

agonists, 7 studies found a statistically significant decrease (p

< 0.05) in HOMA-IR (mean of 2.93 pre-treatment vs. 1.67

post-treatment, average decrease of 1.26) after a mean of 16.7

months of intervention (93, 95, 98–101, 103, 105), while 5 did

not (91, 97, 102–104). Pirchio et al. explain that improvement

in glucose profile correlates with dopamine agonist dose rather

than with prolactin level (91). As discussed previously,

dopamine plays a role in glucose homeostasis by binding D2

and D3 receptors in the pancreas preventing excessive

sympathetic activity and hepatic glucose production, thereby

improving insulin sensitivity. Additionally, it often takes

greater than 12 weeks of follow-up to see improvement in

HOMA-IR which would go along the normal course of

dopamine agonist treatment. Analyzed together, this data

provides compelling evidence that dopamine agonists have a

direct effect on metabol ism, beyond their role in

prolactin normalization.
Prolactin: A “goldilocks zone”

Though it is clear that high prolactin levels are metabolically

unfavorable, multiple studies have also shown low prolactin

levels to be associated with increased metabolic disease (107–

109). For example, Manshaei et al. found that prolactin levels in

diabetic patients were significantly lower (5.32 ± 0.36 ng/

mL) when compared to healthy controls (18.38 ± 2.3 ng/mL)

(109). There may be a “goldilocks zone” for serum prolactin that

promotes metabolic homeostasis, though exact ranges are

variable amongst studies (1, 110, 111). Li et al. showed that

normal to high prolactin levels (median 24, range 16-35 ng/mL)

were associated with lower risk of type 2 diabetes at 20 years

follow up compared to women with lower prolactin levels

(median 6, range 5-8 ng/mL ng/mL) (112). In a smaller case
frontiersin.org
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TABLE 2 Summary of recent studies evaluating the effects of dopamine agonists on metabolic parameters.

Study Year Sample

Size

Age,

mean

Female

%

Macroprolactinoma

%

Treatment Drug doses Baseline

PRL ng/

PRL

Format

Months

to Post

Baseline

BMI

Post Tx BMI BMI

Format

P value

BMI

Baseline

LDL

Post Tx LDL LDL

Format

P value

LDL

Baseline

vs Post

Tx

Baseline

HOMA-IR

Post Tx

HOMA-IR

P value

HOMA-

IR Base-

line vs

Post Tx

HOMA-

IR

Format

30 (107-

147.5)

106.5 (94.3-

148)

median

(IQR)
0.018

§ 2.32 (1.64–

3.59)

median

(IQR)

rg + CAB

124.14 +/-

.4 CAB =

123.6

+/-24.43

Surg + CAB

= 112.36 +/-

25.57 CAB =

115.33

+/-38.01

mean

+/- SD

Surg +

CAB:

0.196

CAB:

0.301

Surg +

CAB =

3.37 +/-

2.01 CAB

= 4.84

+/-5.8

Surg +

CAB =

3.16 +/-

1.68 CAB

=3.8 +/-

4.63

Surg +

CAB =

0.33 CAB

= 0.055

mean

+/- SD

39.21 +/-

30.94

131.48 +/-

38.67

mean

+/- SD

0.07

26.96 +/-

18.66

92.93 +/-

5.57

mean

+/- SD
<0.0001

§ 1.34 +/-

0.17

0.94 +/-

0.13
<0.0001

† mean

+/- SD

21.6 +/-

39.4

110.6 +/-

37.6

mean

+/- SD
0.005

§

42.3 +/-

30.94

12 mos:

120.26 +/-

23.2 24 mos:

123.74 +/-

30.94

mean

+/- SD

12 mos:

0.001
§

24 mos:

0.006
§

4.1 +/- 2.2 12 mos:

2.7 +/- 1.2

24 mos:

1.8 +/-

1.07

12 mos:

0.000
†
24

mos:

0.000
†

mean

+/- SD

28.46 +/-

46.44

102.78 +/-

29.47

mean

+/- SD
0.002

§

08.28 +/-

34.8

2 mos: 88.94

+/- 19.33, 6

mos: 77.34

+/- 11.6

mean

+/- SD

2 mos:

0.01
§
6

mos:

<0.001
§

1.10 (1.27) 2 mos:

1.21 (1.10)

6 mos:

1.04 (0.52)

2 mos:

0.71 6

mos:

0.064

median

(IQR)

122 (75–

223)

99 (66–159) median

(min-

max)

<0.01
§ 1.59 (0.33-

20.2)

1.33 (0.26–

15.4)
0.05

† median

(min-

max)

26.06 +/-

34.8

12 mos:

113.3 +/-

23.2, 60 mos:

97.83 +/-

27.07

mean

+/- SD

12 mos:

0.085 60

mos:

0.000
§

3.2 +/-

2.09

12 mos:

2.07 +/-

1.15, 60

mos: 1.15

+/- 0.77

12 mos:

0.002
†
60

mos:

0.000
†

mean

+/- SD

10.21 +/-

35.96

93.58 +/-

26.3

mean

+/- SD
<0.01

§ 3.87 +/-

1.53

2.93 +/-

0.96
<0.01

† mean

+/- SD

06.2 +/-

27.1

91.7 +/- 34.1 mean

+/- SD
0.01

§ 1.25 (0.22–

4.5)

1.02 (0.24–

4.1)
0.02

† median

(min-

max)

31.48 +/-

34.8

2 mos:

112.14 +/-

23.2, 6 mos:

2 mos:

0.003
§
6

mos:

0.002
§

1.4 (0.6–

9.8)

2 mos: 1.6

(0.7–4.2), 6

mos: 2.1

(0.8–3.5)

NS median

(min-

max)

(Continued)
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+/-

SD

mL Tx

Follow-

Up

Baseline

vs Post

Tx

Posawetz

(90)

2021 12 40 +/-

17

33 57 Cabergoline 0.25-1.5

mg/wk

5270

(2234–

15374)

median

(IQR)

2.3 27.5

(22.4-

33.5)

27.5 (21.5-35) median

(IQR)

0.686

Pirchio (91) 2021 34 33.9

+/-

12.5

35 88 Cabergoline,

pituitary

surgery

0.25-7 mg/

wk

15313

+/-

49864

mean

+/- SD

12 S

=

2

Andereggen

(92)

2021 30 48 +/-

12.6

43 67 Cabergoline,

Bromocriptine,

pituitary

surgery

CAB: 0.5-2

mg/wk

BRC: 2.5-10

mg/d

18213

(3277–

137723)

median

(IQR)

51.9 28.6 +/-

6

26.5 +/-6 mean

+/- SD

0.05*

Khalil (93) 2021 32 36.09

+/-

9.54

44 47 Cabergoline ,

Bromocriptine

5.8 +/- 4.1

mg/d

(range 1.25-

15 mg)

130198

+/-

24849

mean

+/- SD

3 28.9 +/-

4.28

24.53 +/- 2.2 mean

+/- SD

<0.0001*

Schwetz (94) 2017 53 39 +/-

17

42 59 Cabergoline 0.5 mg/wk

(IQR 0.5–

0.9 mg)

7607 +/-

4414

mean

+/- SD

9 27.9 +/-

5.9

28.6 +/- 5.6 mean

+/- SD

0.396

Auriemma

(95)

2015 32 42

+/-5

0 78 Cabergoline 0.25-3.5

mg/wk

42996

+/-

93443

mean

+/- SD

12, 24 31.7 +/-

3.9

12 mos: 30.4 +/- 3.6 24 mos:

29.3 +/- 3.4

mean

+/- SD

12 mos:

0.000*

24 mos:

0.017*

Medic (96) 2015 20 30 +/-

7

100 30 Cabergoline,

Bromocriptine

CAB: 1.08

+/- 45 mg/

wk BRC:

6.07 +/-

1.83 mg/d

2919 +/-

1102

mean

+/- SD

4 24.046

+/- 6.360

22.815 +/- 6.093 mean

+/- SD

0.028*

Pala (97) 2015 19 27 +/-

6

95 21 Cabergoline 0.5 mg/wk 2514 +/-

2232

mean

+/- SD

2, 6 24.2 +/-

4/0

2 mos: 23.9 +/- 4.2, 6 mos: 23.2

+/- 3.9

mean

+/- SD

2 mos:

0.09 6

mos:

<0.001*

Barbosa (98) 2014 21 23 Cabergoline,

Bromocriptine

9080 +/-

7034

mean

+/- SD

6 29.6

(18.6–

39.4)

28.4 (18.9–38.5) median

(min-

max)

0.58

Auriemma

(99)

2013 61 34 +/-

10

79 33 Cabergoline 0.25-5.5

mg/wk

16733

+/- 5073

mean

+/- SD

12, 60 27.6 +/-

5.3

12 mos: 26.4 +/- 4.6 60 mos:

24.3 +/- 4.7

mean

+/- SD

12 mos:

0.53 60

mos:

0.000*

Ciresi (100) 2013 43 34 +/-

11

81 Cabergoline 0.25-1.80

mg

3715 +/-

5718

mean

+/- SD

12 25.57 +/-

5.18

25.41 +/- 4.97 mean

+/- SD

0.177

Inancli

(101)

2013 21 30

+/-10

100 14 Cabergoline 0.5 mg/d 3201 +/-

1230

mean

+/- SD

6 27.1 +/-

5.9

26.7 +/- 5.6 mean

+/- SD

0.03*

Berinder

(102)

2011 14 40 +/-

14

57 43 Cabergoline,

Bromocriptine

CAB: 0.5

mg/wk

BRC: 1.25-

15 mg/d

M:

26809, F:

1511

mean 2, 6 F: 25.1

(17.8–

29.2) M:

27.6

F 2 mos: 25.0 (17.8–29.1), M 2

mos: 26.7 (23.4-30.9), F 6 mos:

25.3 (18.6–30.4), M 6 mos: 25.4

(22.8–29.6)

median

(min-

max)

6 mos:

0.046*
1

u
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1

1

1

1

1

1
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TABLE 2 Continued
Study Year Sample

Size

Age,

mean

+/-

Female

%

Macroprolactinoma

%

Treatment Drug doses Baseline

PRL ng/

mL

PRL

Format

Months

to Post

Tx

Follow-

Up

Baseline

BMI

Post Tx BMI BMI

Format

P value

BMI

Baseline

vs Post

Tx

Baseline

LDL

Post Tx LDL LDL

Format

P value

LDL

Baseline

vs Post

Tx

Baseline

HOMA-IR

Post Tx

HOMA-IR

P value

HOMA-

IR Base-

line vs

Post Tx

HOMA-

IR

Format

(23.4-

32.9)

112.14 +/-

23.2

abergoline,

romocriptine

5720 +/-

3621

mean

+/- SD

6 29.5

(18.6–

39.2)

28 (18.9-38.5) median

(min-

max)

0.4759 116 (75–

223)

100 (66–159) median

(min-

max)

0.002
§ 1.4 (0.33-

20.2)

1.3 (0.3-

15.4)

0.339 median

(min-

max)

abergoline 0.5-2 mg/

wk

20160

+/-

18780

mean

+/- SD

3 29 +/- 6 110.21 +/-

29.78

105.18 +/-

32.1

mean

+/- SD

0.42 4.51 +/-

1.9

4.17 +/-

1.6

0.07 mean

+/- SD

romocriptine 2.5-20 mg/d 3318 +/-

1637

mean

+/- SD

6 26.3 +/-

5.3

25.0 +/- 5.3 mean

+/- SD

NS 123.5 +/- 30 117.3 +/- 35 mean

+/- SD

NS 2.127 +/-

1.1

1.521 +/-

0.42
<0.01

† mean

+/- SD

romocriptine 15-20 mg/d 42682

+/-

37429

mean

+/- SD

1, 6, 24 F: 24.4

+/- 1.2,

M: 30.4

+/- 1.7

F 1 mo: 24.1 +/- 1.2, M 1 mo:

30.2 +/- 1.7, F 6 mos: 23.1 +/-

1.0, M 6 mos: 28.6 +/- 1.6, F 24

mos: 23.6 +/- 0.8, M 24 mos:

26.5 +/- 1.9

mean

+/- SD

>0.05

y mass index; LDL, low-density lipoprotein; HOMA-IR, homeostatic model assessment for insulin resistant; IQR, interquartile range; d, day; wk, week; mos, months; M, male; F, female; Surg,
aseline for BMI. †p < 0.05 vs baseline for LDL. §p < 0.05 vs baseline for HOMA-IR. NS, Not Significant.
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SD

Silva (103) 2011 22 42 +/-

35

77 18 C

B

Serri (104) 2006 15 39 +/-

13

53 13 C

Yavuz (105) 2003 16 31 +/-

10

0 B

Doknic

(106)

2002 23 37

+/-3

48 65 B

SD, standard deviation; PRL, prolactin; Tx, treatment; BMI, bod
surgery; CAB, cabergoline; BRC, bromocriptine. *p < 0.05 vs b
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control study of 134 patients, the average concentration of

prolactin in controls (18.38 µg/L) was found to be significantly

higher than that of diabetic patients (5.39 µg/L) (109). Wang

et al. also similarly showed that a high normal prolactin range

(11.61-26.29 ng/mL) was most protective against insulin

resistance and diabetes in a large cohort of patients with

hyperprolactinemia (107, 113). Furthermore, as previously

described, Liu et al. found data supporting the idea that

normal prolactin levels are metabolically beneficial, favoring

energy metabolism in the obese state (67, 68).

The metabolic effects of prolactin at the different ranges are

variable. Macotela et al. suggest a scale where intermediate

levels of prolactin (25-100 ng/mL) are considered metabolically

favorable with least untoward consequences, whereas low-

normal prolactin levels (1-5 ng/mL) and significantly

elevated levels (>100 ng/mL) are considered metabolically

detrimental (1). More recently, in a study of 18 to 45 year-

old women on CAB, the cardiometabolic profile of patients

with low prolactin levels (less than 5 ng/mL) were compared to

those within the reference range of 5-25 ng/mL (110). The

hypoprolactinemic patients had higher glucose levels,

hemoglobin A1C, triglycerides, insulin resistance and lower

levels of HDL on analysis. Although this was a small study of 16

patients with low prolactin levels, the mechanistic link between

low prolactin levels and metabolic dysregulation is certainly

noteworthy (110).

In several studies (discussed in section 4), prolactin lowering

drugs i.e. dopamine agonists are shown to improve metabolic

profiles. Although this may appear counterintuitive to the

“goldilocks zone” hypothesis, it is suggested that increased

dopamine and higher levels of prolactin can improve

metabolic fitness through distinct mechanisms, as delineated

above. In fact, there may even be a role for prolactin enhancing

drugs in the treatment of metabolic disease. Animal studies show

that amisulpride, a dopamine receptor antagonist which

enhances prolactin levels, improves the glucose profile in obese

mice (114). Future prospective studies on this topic are

clearly needed.
Conclusion

Prolactin is a unique hormone with action at various extra-

pituitary sites, categorizing it as a hormone with classic,

autocrine and paracrine activity. It is critical in pregnancy and

lactation, during which prolactin levels rise to allow for

metabolic adaptations through the cycle of reproduction but

its role in metabolism is distinctive as well. Hyperprolactinemia
Frontiers in Endocrinology 10
causes a vast array of unfavorable metabolic effects but

suppressed prolactin levels can also increase cardiometabolic

risk. It is suggested that there may be a “goldilocks zone” where a

high-normal prolactin is associated with optimal metabolic

health; however the prolactin ranges are variable across

studies. While some studies show improvement in BMI, LDL

and HOMA-IR after prolactin normalizing treatment, the results

are inconsistent. Large prospective studies with definitive

metabolic end points are required to determine the most

favorable prolactin level for metabolic health as well as the

role for prolactin lowering and enhancing medications.
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la Escalera L, López-Barrera F, et al. Prolactin promotes adipose tissue fitness and
Frontiers in Endocrinology 12
insulin sensitivity in obese males. Endocrinology (2017) 158(1):56–68. doi: 10.1210/
en.2016-1444

69. Asai-Sato M, Okamoto M, Endo M, Yoshida H, Murase M, Ikeda M, et al.
Hypoadiponectinemia in lean lactating women: Prolactin inhibits adiponectin
secretion from human adipocytes. Endocr J (2006) 53(4):555–62. doi: 10.1507/
endocrj.k06-026

70. Nilsson L, Binart N, Bohlooly YM, Bramnert M, Egecioglu E, Kindblom J,
et al. Prolactin and growth hormone regulate adiponectin secretion and receptor
expression in adipose tissue. Biochem Biophys Res Commun (2005) 331(4):1120–6.
doi: 10.1016/j.bbrc.2005.04.026

71. Khant Aung Z, Kokay IC, Grattan DR, Ladyman SR. Prolactin-induced
adaptation in glucose homeostasis in mouse pregnancy is mediated by the pancreas
and not in the forebrain. Front Endocrinol (Lausanne) (2021) 12:765976.
doi: 10.3389/fendo.2021.765976

72. Houssay BA, Anderson E. Diabetogenic action of purified anterior pituitary
hormones. Endocrinology (1949) 45(6):627–9. doi: 10.1210/endo-45-6-627

73. Holstad M, Sandler S. Prolactin protects against diabetes induced by
multiple low doses of streptozotocin in mice. J Endocrinol (1999) 163(2):229–34.
doi: 10.1677/joe.0.1630229

74. Brelje TC, Parsons JA, Sorenson RL. Regulation of islet beta-cell
proliferation by prolactin in rat islets. Diabetes (1994) 43(2):263–73.
doi: 10.2337/diab.43.2.263

75. Kabir MT, Ferdous Mitu J, Akter R, Akhtar MF, Saleem A, Al-Harrasi A,
et al. Therapeutic potential of dopamine agonists in the treatment of type 2 diabetes
mellitus. Environ Sci pollut Res Int (2022) 29(31):46385–404. doi: 10.1007/s11356-
022-20445-1

76. Framnes-DeBoer SN, Bakke E, Yalamanchili S, Peterson H, Sandoval DA,
Seeley RJ, et al. Bromocriptine improves glucose tolerance independent of circadian
timing, prolactin, or the melanocortin-4 receptor. Am J Physiol Endocrinol Metab
(2020) 318(1):E62–e71. doi: 10.1152/ajpendo.00325.2019

77. Valiquette G. Bromocriptine for diabetes mellitus type ii. Cardiol Rev (2011)
19(6):272–5. doi: 10.1097/CRD.0b013e318229d2d2

78. Defronzo RA. Bromocriptine: A sympatholytic, D2-dopamine agonist for
the treatment of type 2 diabetes. Diabetes Care (2011) 34(4):789–94. doi: 10.2337/
dc11-0064

79. Wagner R, Heni M, Linder K, Ketterer C, Peter A, Böhm A, et al. Age-
dependent association of serum prolactin with glycaemia and insulin sensitivity in
humans. Acta Diabetol (2014) 51(1):71–8. doi: 10.1007/s00592-013-0493-7

80. Park S, Kim DS, Daily JW, Kim SH. Serum prolactin concentrations
determine whether they improve or impair b-cell function and insulin sensitivity
in diabetic rats. Diabetes Metab Res Rev (2011) 27(6):564–74. doi: 10.1002/
dmrr.1215

81. Park S, Kang S, Lee HW, Ko BS. Central prolactin modulates insulin
sensitivity and insulin secretion in diabetic rats. Neuroendocrinology (2012) 95
(4):332–43. doi: 10.1159/000336501

82. Hartwell HJ, Petrosky KY, Fox JG, Horseman ND, Rogers AB. Prolactin
prevents hepatocellular carcinoma by restricting innate immune activation of c-
myc in mice. Proc Natl Acad Sci U.S.A. (2014) 111(31):11455–60. doi: 10.1073/
pnas.1404267111

83. Shao S, Yao Z, Lu J, Song Y, He Z, Yu C, et al. Ablation of prolactin receptor
increases hepatic triglyceride accumulation. Biochem Biophys Res Commun (2018)
498(3):693–9. doi: 10.1016/j.bbrc.2018.03.048

84. Zhang P, Ge Z, Wang H, Feng W, Sun X, Chu X, et al. Prolactin improves
hepatic steatosis Via Cd36 pathway. J Hepatol (2018) 68(6):1247–55. doi: 10.1016/
j.jhep.2018.01.035

85. Yu J, Xiao F, Zhang Q, Liu B, Guo Y, Lv Z, et al. Prlr regulates hepatic insulin
sensitivity in mice Via Stat5. Diabetes (2013) 62(9):3103–13. doi: 10.2337/db13-
0182

86. Cripps AW, Williams VJ. The effect of pregnancy and lactation on food
intake, gastrointestinal anatomy and the absorptive capacity of the small intestine
in the albino rat. Br J Nutr (1975) 33(1):17–32. doi: 10.1079/bjn19750005

87. Hammond KA. Adaptation of the maternal intestine during lactation. J
Mammary Gland Biol Neoplasia (1997) 2(3):243–52. doi: 10.1023/
a:1026332304435

88. Muller E, Dowling RH. Prolactin and the small intestine. effect of
hyperprolactinaemia on mucosal structure in the rat. Gut (1981) 22(7):558–65.
doi: 10.1136/gut.22.7.558

89. Ryszka F, Klimas R, Dolinska B, Lopata K. Influence of prolactin and
calcium gluconate concentration on permeation and intestinal absorption of Ca(Ii)
ions. Protein Pept Lett (2012) 19(8):804–7. doi: 10.2174/092986612801619633

90. Posawetz AS, Trummer C, Pandis M, Aberer F, Pieber TR, Obermayer-
Pietsch B, et al. Adverse body composition and lipid parameters in patients with
prolactinoma: A case-control study. BMC Endocr Disord (2021) 21(1):81.
doi: 10.1186/s12902-021-00733-6
frontiersin.org

https://doi.org/10.1038/s41574-020-0363-7
https://doi.org/10.1038/s41574-020-0363-7
https://doi.org/10.3389/fendo.2018.00184
https://doi.org/10.3389/fendo.2018.00184
https://doi.org/10.1016/j.cmet.2014.03.005
https://doi.org/10.1007/s12020-017-1248-y
https://doi.org/10.1371/journal.pone.0113020
https://doi.org/10.1371/journal.pone.0113020
https://doi.org/10.1210/me.2015-1232
https://doi.org/10.1210/endrev/bnab025
https://doi.org/10.2147/dmso.S182406
https://doi.org/10.3389/fendo.2017.00109
https://doi.org/10.1038/sj.ijo.0801291
https://doi.org/10.1210/en.2004-0338
https://doi.org/10.1210/en.2007-0442
https://doi.org/10.1016/s0140-6736(00)03643-6
https://doi.org/10.1016/s0140-6736(00)03643-6
https://doi.org/10.1016/s0188-4409(00)00059-x
https://doi.org/10.1016/s0188-4409(00)00059-x
https://doi.org/10.1093/humrep/deu133
https://doi.org/10.3389/fendo.2020.00263
https://doi.org/10.1210/jc.2003-032184
https://doi.org/10.4414/smw.2006.10955
https://doi.org/10.1007/bf00745135
https://doi.org/10.1111/j.1365-2265.1991.tb03503.x
https://doi.org/10.1007/s11154-019-09503-1
https://doi.org/10.1046/j.1365-2265.1998.00403.x
https://doi.org/10.1046/j.1365-2265.1998.00403.x
https://doi.org/10.1530/ec-21-0040
https://doi.org/10.1210/en.2016-1444
https://doi.org/10.1210/en.2016-1444
https://doi.org/10.1507/endocrj.k06-026
https://doi.org/10.1507/endocrj.k06-026
https://doi.org/10.1016/j.bbrc.2005.04.026
https://doi.org/10.3389/fendo.2021.765976
https://doi.org/10.1210/endo-45-6-627
https://doi.org/10.1677/joe.0.1630229
https://doi.org/10.2337/diab.43.2.263
https://doi.org/10.1007/s11356-022-20445-1
https://doi.org/10.1007/s11356-022-20445-1
https://doi.org/10.1152/ajpendo.00325.2019
https://doi.org/10.1097/CRD.0b013e318229d2d2
https://doi.org/10.2337/dc11-0064
https://doi.org/10.2337/dc11-0064
https://doi.org/10.1007/s00592-013-0493-7
https://doi.org/10.1002/dmrr.1215
https://doi.org/10.1002/dmrr.1215
https://doi.org/10.1159/000336501
https://doi.org/10.1073/pnas.1404267111
https://doi.org/10.1073/pnas.1404267111
https://doi.org/10.1016/j.bbrc.2018.03.048
https://doi.org/10.1016/j.jhep.2018.01.035
https://doi.org/10.1016/j.jhep.2018.01.035
https://doi.org/10.2337/db13-0182
https://doi.org/10.2337/db13-0182
https://doi.org/10.1079/bjn19750005
https://doi.org/10.1023/a:1026332304435
https://doi.org/10.1023/a:1026332304435
https://doi.org/10.1136/gut.22.7.558
https://doi.org/10.2174/092986612801619633
https://doi.org/10.1186/s12902-021-00733-6
https://doi.org/10.3389/fendo.2022.1002320
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Kirsch et al. 10.3389/fendo.2022.1002320
91. Pirchio R, Auriemma RS, Solari D, Arnesi M, Pivonello C, Negri M, et al.
Effects of pituitary surgery and high-dose cabergoline therapy on metabolic profile
in patients with prolactinoma resistant to conventional cabergoline treatment.
Front Endocrinol (Lausanne) (2021) 12:769744. doi: 10.3389/fendo.2021.769744

92. Andereggen L, Frey J, Andres RH, Luedi MM, Gralla J, Schubert GA, et al.
Impact of primary medical or surgical therapy on prolactinoma patients' bmi and
metabolic profile over the long-term. J Clin Transl Endocrinol (2021) 24:100258.
doi: 10.1016/j.jcte.2021.100258

93. Khalil G, Khan FA, Jamal QM, Saleem A, Masroor H, Abbas K. Change in
insulin sensitivity and lipid profile after dopamine agonist therapy in patients with
prolactinoma. Cureus (2021) 13(9):e17824. doi: 10.7759/cureus.17824

94. Schwetz V, Librizzi R, Trummer C, Theiler G, Stiegler C, Pieber TR, et al.
Treatment of hyperprolactinaemia reduces total cholesterol and ldl in patients with
prolactinomas.Metab Brain Dis (2017) 32(1):155–61. doi: 10.1007/s11011-016-9882-2

95. Auriemma RS, Galdiero M, Vitale P, Granieri L, Lo Calzo F, Salzano C, et al.
Effect of chronic cabergoline treatment and testosterone replacement on
metabolism in Male patients with prolactinomas. Neuroendocrinology (2015) 101
(1):66–81. doi: 10.1159/000371851

96. Medic-Stojanoska M, Icin T, Pletikosic I, Bajkin I, Novakovic-Paro J, Stokic
E, et al. Risk factors for accelerated atherosclerosis in young women with
hyperprolactinemia. Med Hypotheses (2015) 84(4):321–6. doi: 10.1016/
j.mehy.2015.01.024

97. Pala NA, Laway BA, Misgar RA, Dar RA. Metabolic abnormalities in
patients with prolactinoma: Response to treatment with cabergoline. Diabetol
Metab Syndr (2015) 7:99. doi: 10.1186/s13098-015-0094-4

98. Barbosa FR, Silva CM, Lima GA, Warszawski L, Domingues RC, Dominic
M, et al. Prevalence of obstructive sleep apnea in patients with prolactinoma before
and after treatment with dopamine agonists. Pituitary (2014) 17(5):441–9.
doi: 10.1007/s11102-013-0524-y

99. Auriemma RS, Granieri L, Galdiero M, Simeoli C, Perone Y, Vitale P, et al.
Effect of cabergoline on metabolism in prolactinomas. Neuroendocrinology (2013)
98(4):299–310. doi: 10.1159/000357810

100. Ciresi A, Amato MC, Guarnotta V, Lo Castro F, Giordano C. Higher doses
of cabergoline further improve metabolic parameters in patients with prolactinoma
regardless of the degree of reduction in prolactin levels. Clin Endocrinol (Oxf)
(2013) 79(6):845–52. doi: 10.1111/cen.12204

101. Inancli SS, Usluogullari A, Ustu Y, Caner S, Tam AA, Ersoy R, et al. Effect
of cabergoline on insulin sensitivity, inflammation, and carotid intima media
thickness in patients with prolactinoma. Endocrine (2013) 44(1):193–9.
doi: 10.1007/s12020-012-9857-y

102. Berinder K, Nyström T, Höybye C, Hall K, Hulting AL. Insulin sensitivity
and lipid profile in prolactinoma patients before and after normalization of
prolactin by dopamine agonist therapy. Pituitary (2011) 14(3):199–207.
doi: 10.1007/s11102-010-0277-9
Frontiers in Endocrinology 13
103. dos Santos Silva CM, Barbosa FR, Lima GA, Warszawski L, Fontes R,
Domingues RC, et al. Bmi and metabolic profile in patients with prolactinoma
before and after treatment with dopamine agonists. Obes (Silver Spring) (2011) 19
(4):800–5. doi: 10.1038/oby.2010.150

104. Serri O, Li L, Mamputu JC, Beauchamp MC, Maingrette F, Renier G. The
influences of hyperprolactinemia and obesity on cardiovascular risk markers:
Effects of cabergoline therapy. Clin Endocrinol (Oxf) (2006) 64(4):366–70.
doi: 10.1111/j.1365-2265.2006.02469.x

105. Yavuz D, Deyneli O, Akpinar I, Yildiz E, Gözü H, Sezgin O, et al.
Endothelial function, insulin sensitivity and inflammatory markers in
hyperprolactinemic pre-menopausal women. Eur J Endocrinol (2003) 149
(3):187–93. doi: 10.1530/eje.0.1490187

106. Doknic M, Pekic S, Zarkovic M, Medic-Stojanoska M, Dieguez C,
Casanueva F, et al. Dopaminergic tone and obesity: An insight from
prolactinomas treated with bromocriptine. Eur J Endocrinol (2002) 147(1):77–84.
doi: 10.1530/eje.0.1470077

107. Wang T, Lu J, Xu Y, Li M, Sun J, Zhang J, et al. Circulating prolactin
associates with diabetes and impaired glucose regulation: A population-based
study. Diabetes Care (2013) 36(7):1974–80. doi: 10.2337/dc12-1893

108. Balbach L, Wallaschofski H, Völzke H, Nauck M, Dörr M, Haring R.
Serum prolactin concentrations as risk factor of metabolic syndrome or type 2
diabetes? BMC Endocr Disord (2013) 13:12. doi: 10.1186/1472-6823-13-12

109. Manshaei N, Shakibaei F, Fazilati M, Salavati H, Negahdary M, Palizban A.
An investigation of the association between the level of prolactin in serum and type
ii diabetes. Diabetes Metab Syndr (2019) 13(5):3035–41. doi: 10.1016/
j.dsx.2018.07.007
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111. Krysiak R, Kowalcze K, Okopień B. Sexual function and depressive
symptoms in men with hypoprolactinaemia secondary to overtreatment of
prolactin excess: A pilot study. Endocrinol Diabetes Nutr (Engl Ed) (2022) 69
(4):279–88. doi: 10.1016/j.endien.2021.03.004

112. Li J, Rice MS, Huang T, Hankinson SE, Clevenger CV, Hu FB, et al.
Circulating prolactin concentrations and risk of type 2 diabetes in us women.
Diabetologia (2018) 61(12):2549–60. doi: 10.1007/s00125-018-4733-9

113. Wang T, Xu Y, Xu M, Ning G, Lu J, Dai M, et al. Circulating prolactin and
risk of type 2 diabetes: A prospective study. Am J Epidemiol (2016) 184(4):295–301.
doi: 10.1093/aje/kwv326

114. Zhang X, van den Pol AN. Dopamine/Tyrosine hydroxylase neurons of
the hypothalamic arcuate nucleus release gaba, communicate with dopaminergic
and other arcuate neurons, and respond to dynorphin, met-enkephalin,
and oxytocin. J Neurosci (2015) 35(45):14966–82. doi: 10.1523/jneurosci.0293-
15.2015
frontiersin.org

https://doi.org/10.3389/fendo.2021.769744
https://doi.org/10.1016/j.jcte.2021.100258
https://doi.org/10.7759/cureus.17824
https://doi.org/10.1007/s11011-016-9882-2
https://doi.org/10.1159/000371851
https://doi.org/10.1016/j.mehy.2015.01.024
https://doi.org/10.1016/j.mehy.2015.01.024
https://doi.org/10.1186/s13098-015-0094-4
https://doi.org/10.1007/s11102-013-0524-y
https://doi.org/10.1159/000357810
https://doi.org/10.1111/cen.12204
https://doi.org/10.1007/s12020-012-9857-y
https://doi.org/10.1007/s11102-010-0277-9
https://doi.org/10.1038/oby.2010.150
https://doi.org/10.1111/j.1365-2265.2006.02469.x
https://doi.org/10.1530/eje.0.1490187
https://doi.org/10.1530/eje.0.1470077
https://doi.org/10.2337/dc12-1893
https://doi.org/10.1186/1472-6823-13-12
https://doi.org/10.1016/j.dsx.2018.07.007
https://doi.org/10.1016/j.dsx.2018.07.007
https://doi.org/10.1007/s12020-022-03145-1
https://doi.org/10.1007/s12020-022-03145-1
https://doi.org/10.1016/j.endien.2021.03.004
https://doi.org/10.1007/s00125-018-4733-9
https://doi.org/10.1093/aje/kwv326
https://doi.org/10.1523/jneurosci.0293-15.2015
https://doi.org/10.1523/jneurosci.0293-15.2015
https://doi.org/10.3389/fendo.2022.1002320
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Metabolic effects of prolactin and the role of dopamine agonists: A review
	Prolactin physiology
	Prolactinoma
	Metabolic effects of prolactin
	Neurohormonal appetite regulation
	Adipose tissue
	Pancreas
	Liver
	Small bowel

	Metabolic effects of dopamine agonists in patients with hyperprolactinemia
	Prolactin: A “goldilocks zone”
	Conclusion
	Author contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


