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Abstract

Introduction Thyroid disease (TD), particularly hypothyroidism, is an important etiology of hyperprolactinemia
(HPRL). We conducted a systematic review of the clinical characteristics, management, and outcomes of adults (> 18
years) with this clinical association.

Materials and methods \We searched PUBMED, SCOPUS, and EMBASE to find eligible articles published in English
from any date till 15th December 2022.

Results The final systematic review included 804 patients from 47 articles, of which the majority (85.9%) were
females. Menstrual irregularity was the most prominent symptom of HPRL (74.3%). Subclinical hypothyroidism (57.1%)
was the most reported TD. Individual patient data were available for 62 patients from 35 studies. The median age was
32 (25-42) years, TSH was 110.25 (50-345.4) mU/L, and PRL level was 60 (37.6-91) ng/ml. On treating TD, 38 (70.4%)
patients had complete resolution and 10 (18.5%) had an improvement in HPRL. Of 38 patients with pituitary imaging,
26 (68.4%) showed pituitary enlargement, and 13 (34.2%) showed a suprasellar extension. 13 (76.5%) patients had
complete resolution and 3 (17.6%) had an improvement in pituitary enlargement on TD treatment. A positive
correlation was observed between higher serum TSH levels and higher serum prolactin levels. Patients with pituitary
enlargement on imaging had a higher TSH level compared to those without any pituitary enlargement (Median of
263 (61-602) vs. 50 (24.3-128) mU/L; p-value=0.01).

Conclusion Thyroid hormone replacement can lead to resolution of HPRL and pituitary enlargement in the majority
of patients with HPRL due to overt or subclinical hypothyroidism without the need for dopamine agonist treatment.

Keywords Hyperprolactinemia, Thyroid disease, Hypothyroidism, Hyperthyroidism, Subclinical hypothyroidism,
subclinical hyperthyroidism, Pituitary enlargement
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Introduction

Hyperprolactinemia (HPRL) is a common clinical condi-
tion characterized by elevated levels of prolactin (PRL)
production from the pituitary lactotrophs. The preva-
lence of HPRL varies based on age, gender and popula-
tion studied, with a reported prevalence of up to 19% in
women of reproductive age [1]. It is more common in
females than males. The mean prevalence of HPRL in
females is 90 per 100,000 females compared to 20 per
100,000 males [2]. It can be caused by several etiolo-
gies, including physiological, macroprolactin, idiopathic,
pituitary hypersecretion, hypothalamus-pituitary stalk
damage, systemic diseases and drugs [1]. In women, the
most common symptoms of HPRL include galactorrhea,
menstrual abnormalities, infertility, decreased libido and
low bone mineral density. Additional symptoms in men
include erectile dysfunction and gynecomastia [1, 3].

Hypothyroidism, both overt and subclinical, is an
important etiology of HPRL. In overt hypothyroidism,
the prevalence of HPRL has been reported up to 40%,
whereas in subclinical hypothyroidism, HPRL has been
reported in up to 22% of patients [4, 5]. Many factors
contribute to HPRL development in hypothyroidism.
The thyrotropin-releasing hormone (TRH) stimulates
not only thyrotrophs in the anterior pituitary but also
the lactotrophs which produce PRL. In hypothyroid-
ism, there is a loss of feedback inhibition on TRH pro-
duction from the hypothalamus. Increased TRH levels
stimulate pituitary lactotrophs leading to elevated PRL
levels [6]. Moreover, hypothyroidism leads to a decrease
in dopamine inhibitory effect on pituitary cells leading to
increased PRL synthesis [6]. Impaired clearance of PRL
from the circulation is another mechanism associated
with HPRL in hypothyroidism [7]. HPRL has also been
reported in patients with hyperthyroidism [8, 9]. How-
ever, the exact mechanism of this association in hyper-
thyroidism patients remains to be established. Moreover,
a bidirectional relationship between HPRL and thyroid
disease (TD) has been postulated with autoimmune thy-
roid disease being more common in patients with HPRL.
This is hypothesized to be due to the effect of HPRL on
cellular and humoral immune responses thus increasing
autoimmunity [10].

HPRL management depends on its etiology. In patients
with HPRL due to prolactin-secreting pituitary adenoma,
dopamine receptor agonists are used to treat HPRL [1].
However, in patients with hypothyroidism, thyroid hor-
mone replacement can lead to the resolution of HPRL
without the need for additional interventions [11]. Fur-
thermore, patients with HPRL due to hypothyroidism
can also have pituitary enlargement on imaging due to
pituitary hyperplasia (PH), which can be confused with
pituitary adenoma, leading to unnecessary work-up and
interventions [12, 13]. Pituitary enlargement in such
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cases also improves with thyroid hormone replacement
[11]. Hence, it is essential to recognize the association
between HPRL and TD. Most evidence on this impor-
tant clinical association is based on small case reports
and observational studies. We aimed to conduct this sys-
tematic review to generate robust evidence regarding the
clinical characteristics, management strategies and out-
comes of patients with HPRL due to TD.

Study methodology

Literature search

We performed a literature search using PUBMED, SCO-
PUS and EMBASE to identify eligible articles published
in English from any date till 15th December 2022. The
study design and methods were carried out accord-
ing to the PRISMA guidelines [14]. The search strategy
consisted of terms and synonyms for thyroid disease,
including “thyroid,” “hyperthyroid,” “hyperthyroidism,’
“hypothyroid,” “hypothyroidism,” “thyroiditis,” and “sub-
clinical” These were combined with terms for elevated
prolactin, including “hyperprolactinemia,” “elevated pro-
lactin,” and “high prolactin,” combined using the Boolean

operator “AND?”

Study selection

Using the RAYYAN AI software, two members of the
study team (AAK and FA) independently screened the
titles and abstracts of the retrieved articles [15], followed
by the full-text screening of eligible articles. Two review-
ers screened each article. The disagreement between the
two reviewers regarding the inclusion/exclusion deci-
sion of the article, if any, was resolved by an independent
review of the article by the third reviewer (RS).

Inclusion criteria

Studies (case reports, case series, letter to editor, retro-
spective studies, prospective studies and randomized
controlled trials) in English language reporting data on
hyperprolactinemia (HPRL) due to thyroid disease in
adult patients (age 18 years and above) were included in
the systematic review.

Exclusion criteria

Studies were excluded if the included patients had any
other condition known to cause HPRL. These included
chronic kidney disease, pituitary or hypothalamic dis-
ease/surgery/irradiation, antipsychotics/antidepressants/
estrogen/oral contraceptive agents/other drug-induced
causes, patients receiving cytotoxic therapy for CNS
malignancies/cranial irradiation, adrenal insufficiency,
chronic liver disease/cirrhosis, stress-induced hyper-
prolactinemia, chest wall injury, pregnancy, lactation,
post-partum state and hyperprolactinemia due to mac-
roprolactin. In addition, studies in languages other than
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English, conference abstracts, review articles and studies
on pediatric patients (age <18) were also excluded.

Quality assessment

An independent assessment of the quality of the included
studies was conducted by three authors (ASA, MH and
SK). We used the Joanna Briggs Institute case report
appraisal checklist for inclusion in systematic reviews
to assess case reports/case series, whereas the Method-
ological Index for Non-randomized Studies (MINORS)
scoring system was used to assess observational studies
[16, 17]. AAK conducted an independent assessment to
resolve the conflict in case of disagreement between the
reviewers.

Data collection

ASA, MH and SK collected data into a pre-designed
data collection sheet for the included studies. In case of
a lack of availability of individualized patient data, the
corresponding authors of the studies were contacted by
AAK to request the data. The collected variables included
demographic characteristics, including patient age, gen-
der, comorbid conditions, and type of thyroid disease
(overt/subclinical hypothyroidism and overt/subclinical
hyperthyroidism). Extracted laboratory data included
pre-treatment serum thyroid stimulating hormone (TSH)
levels, total T3 (TT3) levels, free T3 (FT3) levels, total
T4 (TT4) levels, free T4 (FT4) levels and serum prolac-
tin levels. Data on pituitary imaging was also collected
wherever available. Data on treatment included informa-
tion on the treatment of thyroid disease and medication
use for HPRL management. Data on outcomes included
resolution of HPRL (defined by complete normalization
of serum prolactin), improvement (defined by reporting
of decrease in serum PRL levels but lack of reporting of
complete resolution), or persistent elevation/worsening
of HPRL.

Statistical analysis

We described continuous variables using means +/- stan-
dard deviation (SD) or median with interquartile range
(IQR). Categorical variables were reported as total num-
bers and percentages. Comparisons between continuous
variables were reported using the Mann-Whitney U test.
Spearman’s correlation test was used to assess the cor-
relation between two continuous variables. A p-value of
<0.05 was considered significant. STATA 17 (STATA,
LLC, College Station, TX) was used for the statistical
analysis.

Protocol registration
The protocol for the systematic was registered with the

International Prospective Register of Systematic Reviews
(PROSPERO) with the protocol ID CRD42023411432.
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Results
Search results
Figure 1 demonstrates the PRISMA flow diagram of the
article screening process. A total of 146 relevant articles
were identified after the initial screening. Following the
full-text review, 100 articles were excluded. The final
systematic review included 47 articles comprising 24
case reports, 6 case series, one letter to the editor and
16 prospective studies (Fig. 1). Eight hundred and four
patients who developed hyperprolactinemia due to thy-
roid disease were identified from the 47 included stud-
ies. Individual patient data were available for 62 patients
from 35 studies (24 case reports, 6 case series, one let-
ter to the editor, and four prospective studies individual
data was not available for 12 studies and hence was not
included in analysis of individual patient data in Table 1.
However, all the 16 studies are mentioned in Table 2
which summarized data from all 16 prospective studies
individually).Results of all the included studies

Table 3 summarizes the baseline characteristics of all
the patients included in the review. A total of 804 patients
fulfilled the inclusion criteria, of which 681 (85.9%) were
females and 112 (14.1%) were males. Menstrual irregular-
ity was the most prominent symptom of HPRL (N=84;
74.3%), followed by infertility (N=42; 42.9%) and galac-
torthea (N=33; 51.6%). Subclinical hypothyroidism
(N=456; 57.1%) was the most reported thyroid disease
with HPRL, followed by hypothyroidism (N=314; 39.3%).
23 (2.9%) patients had hyperthyroidism, and 5 (0.63%)
had subclinical hyperthyroidism.

Results from studies with individual patient data

The results of individual data from 62 patients are sum-
marized in Table 1. The median age of patients was 32
(25-42) years. The majority (93.5%) of patients were
females. The median (IQR) TSH was 110.25 (50-345.4)
mU/L, TT3 was 1.1 (0.6—17.1) nmol/L and TT4 was 23.2
(12.9-47.6) nmol/L. The median FT3 was 3.8 (1-5.2)
pmol/L, and FT4 was 2.8 (1.3-5) pmol/L. The median
serum prolactin level was 60 (37.6-91) ng/ml. Pituitary
imaging was reported in 38 patients (all with hypothy-
roidism or subclinical hypothyroidism), of which 26
(68.4%) showed pituitary enlargement, and 13 (34.2%)
showed a suprasellar extension. 54 (88.5%) patients with
overt or subclinical hypothyroidism received thyroid
hormone replacement, and 1 (100%) patient with hyper-
thyroidism received antithyroid drugs for treatment.
After thyroid hormone replacement, 13 (76.5%) patients
had complete resolution of pituitary enlargement, and 3
(17.6%) reportedly had improvement in pituitary enlarge-
ment. Only 1 (5.9%) patient had a lack of improvement in
pituitary enlargement. After treatment of thyroid disease,
complete resolution of HPRL was reported in 38 (70.4%)
patients and improvement in serum prolactin levels in 10
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Fig. 1 PRISMA flow diagram for the article screening process

(18.5%) patients. 6 (11.1%) patients did not have improve-
ment/resolution of hyperprolactinemia after treatment of
thyroid disease. 4 of these patients had diffuse pituitary
enlargement suggestive, 1 had normal imaging while
one patient did not have any imaging. The use of dopa-
mine agonists to manage HPRL was reported in 2 (3.2%)
patients.

A positive correlation was observed between higher
serum TSH levels and higher serum prolactin levels
(rho=0.28; p-value=0.03). No statistically significant cor-
relation of HPRL was observed with TT3, TT4 and FT4.

Patients with pituitary enlargement on imaging had
a higher TSH level compared to those without any
pituitary enlargement (Median of 263 (61-602) vs. 50

(24.3-128) mU/L; p-value=0.01). No statistically signifi-
cant differences in serum TSH levels were noted between
patients with suprasellar extension of pituitary enlarge-
ment on imaging compared to those without suprasellar
extension (Median of 439 (240-863.3) vs. 88.1 (50-263)
mU/L; p-value=0.14).

There was no difference in serum PRL level between
patients who had pituitary enlargement on imaging com-
pared to those with normal pituitary imaging (Median
(IQR) of 81.3 (59-114.7) vs. 55.4 (31-98) ng/ml; p=0.1).

Table 2 summarizes the data from 16 larger prospec-
tive studies that have been included in the review [4, 5, 8,
18-30].
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Table 1 Clinical characteristics and outcomes of patients
with individual patient data from case reports, case series and
4 prospective studies with individual patient data available
(reference for prospective studies include [18-21]

Variable Units Results
Number of patients N 62

Age, Median (IQR) (N=62) Years 32 (25-42)
Gender (N=62) N (%)

Females 58(93.5)
Males 4 (6.5)
Pretreatment laboratory investigations

TSH, Median (IQR) N=60 mU/L 110.25 (50-345.5)
FT3, Median (IQR) N pmol/L  3.8(1-5.2)
TT3, Median (IQR) N=23 nmol/L 1(0.6-17.1)
FT4, Median (IQR) N pmol/L  2.8(1.3-5)
TT4, Median (IQR) N=37 nmol/L 232 (12.9-47.6)
PRL, Median (IQR) N=61 ng/ml 60 (37.6-91)
Pituitary Imaging (N=38) N (%)

Pituitary enlargement 26 (68.4)
Suprasellar extension 13 (34.2)
Treatment of thyroid disease N (%)

Thyroid hormone replacement (N=61) 54 (88.5)
ATD for hyperthyroidism (N=1) 1 (100)
Outcome Pituitary enlargement (N=17) N (%)

Complete resolution 13 (76.5)
Improvement 3(17.6)

No improvement 1(5.9)
Outcomes of HPRL on treating TD (N=54)

Resolved N (%) 38(704)
Improved 10 (18.5)

Not resolved 6(11.1)
Treatment with dopamine agonist N (%) 2(3.2)

TSH: Thyroid stimulating hormone; TT3: Total T3; FT3: Free T3; TT4: Total T4; FT4:
Free T4; PRL: Prolactin; ATD: Anti-thyroid drugs; HPRL: Hyperprolactinemia; TD:
Thyroid disease

Discussion

In this systematic review of 804 patients with HPRL due
to TD, the majority were females. Hypothyroidism (overt
and subclinical) was the most common thyroid disease
associated with HPRL. Menstrual irregularity and galac-
torrhea were the most common symptoms. 68.4% of
patients (all with subclinical or overt hypothyroidism)
had pituitary enlargement on imaging, of which 34.2%
had suprasellar extension. Most patients had either a
complete resolution or improvement of pituitary enlarge-
ment on thyroid hormone replacement. Dopamine ago-
nists were rarely used for HPRL management. A positive
correlation was observed between higher serum TSH lev-
els and higher serum prolactin levels.

Pituitary enlargement can be commonly seen in
patients with hypothyroidism and HPRL due to PH.
PH, also called “feedback tumor,’ has been reported in
up to 33.3% of patients with hypothyroidism [11]. Pitu-
itary enlargement can be severe enough to cause supra-
sellar extension [13, 31]. Johnston et al. described a case
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of a 20-year-old woman with pituitary enlargement and
suprasellar extension due to uncontrolled hypothyroid-
ism [32]. Ansari et al. also described a case of a 67-year-
old post-menopausal female with a pituitary mass and
suprasellar extension due to uncontrolled hypothyroid-
ism [6]. In our systematic review, pituitary enlargement
was noted in 68.2% of hypothyroid (overt and subclini-
cal) patients on pituitary imaging, of which 34.2% had a
suprasellar extension.

Some patients with HPRL and PH due to hypothyroid-
ism can also present with neurological signs and symp-
toms mimicking a pituitary tumor. Shukla et al. reported
a patient with HPRL and PH due to hypothyroidism who
presented with headache, visual symptoms, and signs of
HPRL and hypothyroidism [12]. It is essential to differ-
entiate PH from pituitary adenoma as no surgical inter-
vention or use of dopamine agonists is needed in cases
of PH. Although Magnetic Resonance Imaging (MRI)
of the pituitary gland can help distinguish between the
two entities, many overlapping features make the differ-
entiation challenging. PH is often described on MRI as a
diffuse, symmetrical, isointense, homogeneously enhanc-
ing pituitary enlargement with smooth contours and a
convex upper margin [33, 34]. The enlargement can be
nodular or globular mimicking pituitary adenoma [34].
However, improvement or resolution of the pituitary
enlargement on treating thyroid hormone replacement
can lead to differentiation between PH and pituitary ade-
noma. Our review revealed that 76.5% of patients had a
resolution of pituitary enlargement on thyroid replace-
ment. Another 17.6% of patients reported an improve-
ment in pituitary enlargement, supporting the diagnosis
of PH as the etiology.

Since pituitary enlargement in hypothyroidism is due
to high TRH level stimulating thyrotrophs leading to high
TSH level and lactotrophs leading to high PRL levels, it
has been postulated that higher TSH level (represent-
ing higher TRH stimulation) should be associated with a
greater degree of PH and pituitary enlargement. Yamada
et al. reported a positive correlation between the degree
of pituitary enlargement and serum TSH concentration
[35]. Similarly, in a study by Khawaja et al., 84% of the
patients with pituitary enlargement due to hypothyroid-
ism had TSH values of more than 100 pIU/mL [36]. Our
systematic review also found that TSH levels in patients
with pituitary enlargement were higher than those with-
out pituitary enlargement.

HPRL leads to a state of hypogonadotrophic hypogo-
nadism. In females, menstrual irregularities are one of
the most common symptoms of HPRL due to any etiol-
ogy and can be observed in up to 69% of cases [37]. In our
review, up to 74% of females with HPRL due to TD also
had menstrual irregularities denoting the same degree
of effect on the physiological processes like any other
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Table 2 Summary of data from larger prospective studies
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First author Total Number of patients Gender Symptoms of Type of thyroid disease Hyperprolac-
patients with concomitant hyperprolactinemia tinemia outcome
HPRL and TD on treating
N (%) thyroid disease
Abdel Hamid et 17 (HPRL) 8(47.1) F=8 Menstrual Hypothyroid=7, NA
al. [22] abnormality =8 Hyperthyroid=1
Goel et al. [23] 150 (TD) 22 (14.7) M=6 NA Hypothyroid =16, Subclinical ~ NA
F=16 hypothyroid=6
Hekimsoy et 200 (TD) 51 (25.5) M=13 NA Hypothyroid =19, Subclinical ~ Resolved=51
al. [4] F=38 hypothyroid =32
Honbo et al. [24] 49 (TD) 19 (38.8) M=2 NA Hypothyroid =19, Subclinical ~ NA
F=17 hypothyroid=0
Koneretal. [25] 200 (TD) 42 (21) F=42 Galactorrhea=2, Men- Hypothyroid =30, Subclinical =~ NA
strual abnormality=18 hypothyroid=12
Sharma et al. 962 (TD) 350 (36.4) M=60 NA Hypothyroid =81, Subclinical ~ NA
[26] F=290 hypothyroid =269
Sanjarietal.[8] 71 (TD) 21(29.6) F=21 NA Hyperthyroid =21 NA
Sato et al. [20] 24 (TD) 10 (41.7) M=1 NA Hypothyroid=10, Improved=10
F=2
Bahar et al. [5] 481 (TD) 98 (20.4) M=7 NA Subclinical hypothyroid=98 ~ NA
F=91
Daretal. [27] 100 (HPRL) 4 (4) NA NA Hypothyroid =4 NA
Emokpae et al. 67 (HPRL) 15(22.4) F=15 Infertility=15 Subclinical hypothyroid=10,  NA
28] Subclinical hyperthyroid =5
Sirohietal. [29] 150 (TD) 27 (18) M=2 Menstrual abnormal-  Subclinical hypothyroid=27 ~ NA
F=25 ity =25, Infertility=21
Vilar et al. [30] 1234 (HPRL) 78 (6.32) M=18 NA Subclinical hypothyroid=78 ~ NA
F=60
Notsu etal. [18] 32 (TD) 6 (18.75) F=6 NA Subclinical hypothyroid =2 Resolved =3
Hypothyroidism=4 Lost follow up =3
Onishietal. [19] 16 (TD) 5(31.25) F=5 Menstrual Hypothyroid=5 Improved=5
abnormality =2
Thomas et al. 19(TD) 2(10.5) M=1 NA Hypothyroid =2 Improved=2
[21] F=1

HPRL: Hyperprolactinemia; TD: Thyroid disease; NA: Not available

Table 3 Baseline characteristics of all patients included in the

review

Variable Units Results
Number of patients N 804
Gender (N=793) N (%)

Females 681 (85.9)
Males 112 (14.1)
Symptoms of HPRL N (%)

Galactorrhea (N=64) 33(51.6)
Menstrual abnormalities (N=113) 84 (74.3)
Infertility (N=98) 42 (42.9)
Type of thyroid disease (N=798) N (%)

Hypothyroidism 314 (39.3)
Subclinical hypothyroidism 456 (57.1)
Hyperthyroidism 2329
Subclinical hyperthyroidism 5(0.63)

HPRL: hyperprolactinemia

etiology of HPRL. In men, HPRL can lead to erectile dys-
function, loss of libido and infertility [37]. In our review,
112 men had HRPL due to hypothyroidism. However,

individual data was available only for 4 males and none of
them had symptomatic HPRL. Further larger studies are
needed to assess the effect of HPRL due to TD in males.
This is the first systematic review on patients with HPRL
due to thyroid disease, highlighting several important
aspects of this clinical association that will significantly
impact clinical decision-making. However, due to the lack
of more extensive studies, the evidence generated is mainly
based on case reports, case series and smaller observa-
tional studies. Moreover, we could not study the duration
of thyroid hormone replacement prior to its impact on
HPRL and pituitary enlargement due to insufficient data. It
is also uncertain if patients who received thyroid hormone
replacement or antithyroid drugs achieved euthyroidism.
Further larger studies are needed to assess these findings.

Conclusion

Overt and subclinical hypothyroidism are frequently
associated with HPRL and PH. Thyroid hormone replace-
ment can lead to the resolution of HPRL in such cases,
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precluding the need to do extensive testing, dopamine
agonist treatment and invasive surgical intervention.
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