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High prevalence of radiological vertebral fractures in women
with prolactin-secreting pituitary adenomas
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Abstract Hyperprolactinemia may cause bone loss but
data on fractures are scanty. The aim of this study was to
evaluate the prevalence of vertebral fractures in women
with prolactin (PRL)-secreting adenoma. In this cross-
sectional study, 78 women (median age 45.5 years, range:
20-81) with PRL-secreting pituitary adenoma (66 with
microadenoma and 12 with macroadenoma) and 156 con-
trol subjects, with normal PRL values and with comparable
age to patients with hyperprolactinemia, were evaluated for
vertebral fractures by a morphometric approach and for
bone mineral density (BMD) by a dual-energy X-ray
absorptiometry at lumbar spine. Vertebral fractures were
shown in 25 patients with PRL-secreting adenoma (32.6%)
and in 20 controls (12.8%, P < 0.001). Fractured patients
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were significantly older (P < 0.001) and had lower
BMD T-score (P < 0.001), longer duration of disease
(P < 0.001), higher serum PRL (P = 0.004) and lower
serum IGF-I (P < 0.001) values as compared to patients
who did not fracture. The prevalence of vertebral fractures
was significantly (P < 0.001) higher in post-menopausal
women with PRL-secreting adenoma as compared to pre-
menopausal patients. Fractures occurred more frequently
(P = 0.01) in patients with untreated hyperprolactinemia
versus patients treated with cabergoline. Logistic regres-
sion analysis demonstrated that duration of disease main-
tained a significant correlation with vertebral fractures
(odds ratio 1.16, C.I. 95% 1.02—-1.33) even after correction
for age, menopausal status, treatment with cabergoline,
BMD, serum IGF-I and serum PRL values. Hyperprolac-
tinemia is associated with high prevalence of radiological
vertebral fractures in women with PRL-secreting adenoma.
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Introduction

Prolactin (PRL) is a peptide hormone produced by the
lactotrope cells in the anterior pituitary gland and is pri-
marily associated with lactation. Hyperprolactinemia is a
common finding in clinical practice and it may be caused
by anterior pituitary or parasellar tumors or by anti-dopa-
minergic drugs [1, 2]. PRL-secreting adenomas are the
most common type of secretory pituitary tumors account-
ing for about 40-60% of all pituitary adenomas [3, 4].
Sustained hyperprolactinemia causes oligoamenorrhea,
infertility, and galactorrhea in women and decreased libido,
erectile dysfunction, infertility and gynecomastia in men.
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These clinical features mostly result from the negative
effects of PRL on gonadotrophin-releasing hormone pul-
satility which lead to inhibition of luteinizing hormone and
follicle-stimulating hormone, and decreased secretion of
estradiol and testosterone. PRL-induced hypogonadism is
also considered the main mechanism leading to decreased
bone mineral density (BMD) in patients with hyperpro-
lactinemia [5-9]. However, there is also evidence that PRL
excess may directly influence bone remodelling and bone
metabolism [10-14].

An increase in bone resorption and low BMD were
reported as frequent clinical features in men and women
with PRL-secreting adenoma [15]. However, available data
on the hard end-point of bone loss in hyperprolactinemia,
i.e. fragility fractures, are scanty and based only on retro-
spective historical assessments of clinical fractures [16].
Current knowledge supports the clinical relevance of
radiologically diagnosed vertebral fractures [17], but such
evaluation of skeletal effects of hyperprolactinemia has
never been performed.

In this cross-sectional study, we investigated the prev-
alence of radiological vertebral fractures in women with
prolactinoma, in relation to BMD, gonadal function,
duration of hyperprolactinemia, age of patients and age of
onset of hyperprolactinemia.

Materials and methods
Subjects

We studied 78 women (median age 45.5 years, range:
20-81) with PRL-secreting pituitary adenoma (66 with
microadenoma and 12 with macroadenoma) selected con-
secutively from out-patient endocrine clinics. The diagno-
sis of PRL-secreting adenoma was based on the detection
of at least two samples with elevated PRL levels and
neuroradiological evidence of pituitary tumor. The pre-
sumed disease duration was calculated from the time of
appearance of symptoms probably related to the adenoma
or hyperprolactinemia, such irregular menses, headache,
galactorrhea and visual field defects. The median duration
of disease was 5 years (range: 2-30). At the time of the
study, 41 patients were on treatment with cabergoline
whereas 37 had never been treated for hyperprolactinemia.

Thirthy-eight women were in pre-menopausal period
(16 women with amenorrhea), whereas 40 women were in
post-menopausal period at the time of the study (in 13
cases the diagnosis of hyperprolactinemia was made in pre-
menopausal period, whereas in the remaining 27 women
the diagnosis either coincided with menopause or was post-
menopausal). Post-menopausal status was defined as ces-
sation of menstrual cycles for more than 1 year. Eleven
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patients had secondary adrenal insufficiency, 8 patients had
secondary hypothyroidism and 1 diabetes insipidus; all
these patients were on adequate replacement therapy at the
time of the study. Growth hormone deficiency was not
tested by dynamic tests, but 9 patients with PRL-secreting
macroadenomas had serum IGF-I values lower than the
normal ranges for age.

One-hundred-fifty-six women without hyperprolactine-
mia (PRL values < 25 ng/ml), with comparable age to
patients with hyperprolactinemia (Table 1), were enrolled as
control group. These subjects performed anteroposterior and
lateral spine X-ray examinations due to symptoms sugges-
tive for a pathological involvement of thoracic-lumbar spine.

The inclusion criteria for patients and control subjects
were: (1) no chronic treatment with drugs known to cause
hyperprolactinemia; (2) no treatment with anti-osteoporotic
drugs; (3) no chronic diseases (except for hyperprolacti-
nemia in patients with prolactinoma) known to be associ-
ated with osteoporosis; (4) no previous treatment with
drugs potentially causing osteoporosis and fragility frac-
tures [18]; (5) no clinical history of recent significant
trauma or prolonged immobilization.

All subjects gave their informed consent to the study
which was approved by local Ethical Committees.

At study entry, all women were stratified for risk of
osteoporosis and fragility fractures using a dedicated
questionnaire which investigated the prevalence of ciga-
rette smoking, alcohol intake, family history of fractures
and time of menopause in postmenopausal women. Men-
opause before 45 years, parental history of hip or vertebral
fractures, current cigarette smoking (more than 20 cigarette
per day) and high alcohol consumption (3 or more units/
daily) were considered as independent risk factors for
osteoporosis and fragility fractures [19].

Measurement of BMD and quantitative morphometric
assessment of vertebral fractures

BMD was measured at the lumbar spine by dual-energy
X-ray absorptiometry (DXA) (QDR-1000 Hologic Inc.,
Waltham, MA, USA). These measurements were made at
the time of the spine X-ray. BMD was expressed as
T-score, comparing the results of each subject with those
obtained in a sex-matched young population from USA.
Osteopenia and osteoporosis were defined with T-score
equal or below —1.0 standard deviation (SD) and equal or
below —2.5 SD, respectively. Fractured vertebrae, assessed
by the below reported methodology, were excluded from
the lumbar BMD analysis [20].

For assessment of vertebral fractures, anteroposterior
and lateral X-ray examinations of the thoracic and lumbar
spine were performed. Vertebral fractures were identified
initially by semiquantitative evaluation and then confirmed
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Table 1 C.hmcal and PRL-secreting Controls P values

demographical features of 78 adenoma

women with prolactin

(PRL)-secreting adenoma Cases 78 156

and 156 control subjects

with normal PRL values Age (years) 45.5 (20-81) 46.0 (20-82) 0.94
Post/pre-menopausal women 40/38 7779 0.78
Parental history of fractures 10 (12.8%) 31 (19.9%) 0.18
Current cigarette smoking 21 (26.9%) 46 (29.5%) 0.68
High alcohol consumption 2 (2.6%) 7 (4.5%) 0.47
Pre-menopausal amenorrhea 16 (20.5%) 0 <0.001
Early menopause 21 (26.9%) 15 (9.6%) 0.001
Serum PRL (ng/ml) 77 (4-1,490) 4.5 (3-16) <0.001
Osteopenia 26 (33.3%) 35 (22.4%) 0.01
Osteporosis 18 (23.1%) 21 (13.5%)
Size of adenomas (M/m) 12/66 -
Duration of disease (years) 5 (2-30) -
Serum IGF-I values (ng/ml) 155 (24-324) -
Hypothyroidism 8 (10.3%) -

M macroadenomas, Glucocorticoid deficiency 11 (14.1%) -

m microadenomas, /GF-I Cabergoline therapy 41 (52.6%) -

insulin-like growth factor-1

by a quantitative morphometry assessment on centrally
digitized images using a dedicated morphometry software
(Spine-X Analyzer ICAM Diagnostics, Milan, Italy) [21].
In brief, using a translucent digitiser and a cursor, six
points were marked on each vertebral body to describe
vertebral shape. Anterior (Ha), middle (Hm), and posterior
(Hp) vertebral heights were measured and height ratios
(Ha/Hp, Hm/Hp, Hp/Hp of the above vertebrae, Hp/Hp of
the below vertebrac) were calculated for each vertebral
body from T4 to L4; the fractures were defined mild,
moderate and severe based on a height ratio decrease of
20-25%, 25-40% and more than 40%, respectively [21].
The morphometric analysis was performed by a single
operator (G.M.) who was blinded to the identity of patients.

Statistical analysis

All data were expressed as the median and range. Un-paired
data were compared using Mann—Whitney test. Frequencies
were compared using Chi-square test with Fisher correc-
tion, when appropriate. A logistic regression model was
used in the statistical analysis of risk factors for the
occurrence of vertebral fractures. Statistical significance
was assumed when P values were equal or less than 0.05.

Results

Thirty-four patients (43.6%) of patients with PRL-secreting
adenomas had normal BMD T-score, whereas osteopenia
was observed in 26 patients (33.3%) and osteoporosis in 18

patients (23.1%). The frequencies of osteopenia and oste-
oporosis were significantly higher in patients with prolac-
tinomas as compared to control subjects (Table 1). Women
with PRL-secreting adenoma also showed early menopause
and amenorrhea more frequently as compared with control
women, without any significant differences in parental
history of fractures, cigarette smoking, high alcohol con-
sumption (Table 1).

Vertebral fractures were shown in 25 patients with
PRL-secreting adenoma (32.6%) and in 20 controls
(12.8%; Chi-Square: 12.4, P < 0.001). In fractured patients
with prolactinoma, 12 (15.4%) had single fractures and 13
(16.7%) two or more fractures. Fractures were mild in 11
patients (14.1%), moderate in 9 (11.5%) and severe in 5
(6.4%) fractured women with PRL-secreting adenoma. The
frequencies of multiple fractures and severe fractures were
not significantly different between fractured patients and
controls.

Multivariate logistic regression analysis demonstrated
that the correlation between PRL-secreting adenoma and
vertebral fractures was independent of the effects of early
menopause, amenorrhea and BMD (odds ratio: 2.9, C.I.
95% 1.3-6.6; P = 0.008).

Determinants of vertebral fractures in women
with PRL-secreting adenoma

Fractured patients were older and had lower BMD T-score,
longer duration of disease, higher serum PRL and lower
serum IGF-I values as compared to patients who did not
fracture, without any significant difference in frequency of
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Table 2 Historical, clinical and

R . . Patients with PRL-secreting adenoma
biochemical data in fractured g

and non fractured patients with Fractured Not fractured P values

prolactin (PRL)-secreting

adenoma Cases 25 53
Age (years) 58 (38-81) 39 (20-61) <0.001
Post/pre-menopausal women 22/3 18/35 <0.001
Parental history of fractures 4 (16.0%) 6 (11.3%) 0.56
Current cigarette smoking 8 (32.0%) 13 (26.5%) 0.49
High alcohol consumption 1 (4.0%) 1 (1.9%) 0.54
Pre-menopausal amenorrhea 2 (8.0%) 14 (26.4%) 0.06
Early menopause 10 (40.0%) 11 (20.8%) 0.07
Serum PRL (ng/ml) 104 (8-1,490) 60 (4-260) 0.004
BMD T-score (SD) —1.9 (from —4.0 to —0.2) —0.6 (from —3.0 to +2.4) <0.001
Size of adenomas (M/m) 5/20 7146 0.44
Duration of disease (years) 14 (2-30) 4 (2-25) <0.001
Serum IGF-I values (ng/ml) 110 (24-267) 200 (78-324) <0.001

M macroadenomas, Hypothyroidism 4 (16.0%) 4 (7.5%) 0.25

m microadenomas, /GF-I Glucocorticoid deficiency 4 (16.0%) 7 (13.2%) 0.74

g‘;’g“&gﬁ: ;‘irl‘;’lzrt; ?;:S’lrt yl Cabergoline therapy 8 (32.0%) 33 (62.3%) 0.01

early menopause, macroadenomas, adrenal insufficiency, g

hypothyroidism, parental history of fractures, cigarette E 100

smoking and high intake of alcohol (Table 2). Fractures -§ 5l

occurred more frequently (P = 0.01) in patients with &

untreated hyperprolactinemia versus patients treated with E 60 -

cabergoline whose frequency of vertebral fractures was not -:-.-; '

significantly (P = 0.4) different as compared to control »E )

subjects (Fig. 1). $ 2|

The prevalence of vertebral fractures was significantly éf ’—‘ -
(P < 0001) higher in post-menopausal women with PRL- E ; Control women ’ Women with treated ~ Women with untreated

secreting adenoma as compared to pre-menopausal patients
and post-menopausal control women (Fig. 2). In post-
menopausal patients with PRL-secreting adenoma, vertebral
fractures were significantly correlated with the duration of
hyperprolactinemia (odds ratio: 1.16, C.I. 95% 1.04-1.30)
but not with the age of onset of hyperprolactinemia (odds
ratio: 0.72, C.I. 95% 0.4-3.6). In pre-menopausal women
with PRL-secreting adenoma, the prevalence of vertebral
fractures was not significantly (P = 0.07) different to that
found in pre-menopausal control women (Fig. 2). More-
over, the prevalence of vertebral fractures in pre-meno-
pausal patients was not significantly (P = 0.37) correlated
with the presence of amenorrhea (Fig. 2). In pre-menopausal
patients, the duration of hyperprolactinemia was signifi-
cantly lower as compared to post-menopausal patients
(4 years, range: 2—13 vs. 10 years, range: 2-30; P < 0.001).

In the whole group of hyperprolactinemic women,
multivariate logistic regression analysis demonstrated that
duration of disease maintained a significant correlation
with vertebral fractures even after correction for age,
treatment with cabergoline, BMD, serum IGF-I and serum
PRL values (Table 3).
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PRL-oma PRL-oma

Fig. 1 Prevalence of radiological vertebral fractures in women with
medically treated and untreated prolactin (PRL)-secreting adenomas
as compared to control subjects with normal PRL values. *P < 0.05
treated patients versus untreated patients and control subjects

Discussion

This cross-sectional study shows that radiological vertebral
fractures occur in about one-third of women with PRL-
secreting pituitary adenomas. Vertebral fractures were sig-
nificantly associated with duration of disease independently
of the effects of hypopituitarism, age of patients, BMD,
serum PRL levels and treatment with dopaminergic drugs.

Over the last 30 years, several studies have demon-
strated that variable degrees of bone loss may occur in
patients with hyperprolactinemia, with data being focused
on BMD and clinical fractures [15, 16]. By contrast, this is
the first study evaluating the prevalence of radiological
vertebral fractures in patients with PRL-secreting adeno-
mas. Vertebral fractures are the most common type of
fragility fractures. Since vertebral fractures are often
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Fig. 2 Prevalence of radiological vertebral fractures in women with
prolactin (PRL)-secreting adenomas (PRL-oma) as compared to
control subjects with normal PRL values. *P < 0.05 post-menopausal
women with PRL-oma versus pre-menopausal patients with PRL-oma
and control women

Table 3 Results of logistic regression analysis using vertebral frac-
tures as dependent variable and age, menopausal status, duration of
disease, treatment with cabergoline, serum prolactin (PRL) and
insulin-like growth factor-1 (IGF-I) values and bone mineral density
(BMD) as covariates in 78 women with PRL-secreting adenoma

Covariates Risk of vertebral fractures
Odds ratio (C.I. 95%) P values

Age 1.1 (0.96-1.25) 0.17
Menopausal status 0.15 (0.09-2.63) 0.20
Duration of disease 1.16 (1.02-1.33) 0.03
Treatment with cabergoline 0.69 (0.08-5.88) 0.69
Serum PRL values 1.01 (0.99-1.02) 0.25
Serum IGF-I values 0.98 (0.97-0.99) 0.03
BMD T-score 0.52 (0.22-1.23) 0.13

asymptomatic and largely underdiagnosed based upon
clinical records, the radiological and morphometric
approach has emerged as the method of choice for evalu-
ating the true prevalence of fractures in population studies
[17, 21]. Vertebral fractures are clinically important since
they impact the clinical outcome of patients with osteo-
porosis in term of development of new fractures and
increase in morbility and mortality [22, 23].

A number of prevalence studies in post-menopausal
osteoporosis have suggested that the risk of vertebral
fractures is related to BMD [24]. Also in our patients,
vertebral fractures were significantly correlated with BMD,
but their prevalence was higher than that expected on the
basis of T-score values. In fact, radiological vertebral
fractures were found in more than one-third of the patients,
even if a minority of our patients had osteoporosis. Indeed,
it is well acknowledged that the relationship between BMD
and risk of fracture is complex [25-27]. Fracture risk is

related to bone strength that is dependent on two main
physical/structural factors: quantity and quality. BMD
reflects bone quantity but not bone quality which consists
of structural and material properties [26-28]. Our finding is
in agreement with the assumption that in secondary oste-
oporosis the fracture threshold is lower than in postmeno-
pausal osteoporosis [29-32] and that PRL excess may
impair significantly bone quality by direct effects on
osteoblast function [11, 12, 33].

The traditional paradigm is that gonadal dysfunction is
the most important factor leading to bone loss in hyperpro-
lactinemic patients, since low BMD was already reported
specifically in amenorrheic women [5-7] and hypogonadal
men [8, 9]. However, there is also evidence that PRL may
have sex hormones-independent effects on bone remodel-
ling [11-14]. In fact, PRL receptor was demonstrated in
osteoblasts and PRL was shown to decrease in vitro osteo-
blast proliferation with a secondary impairment of bone
formation and mineralization [11, 12]. Moreover, PRL
induced increase in RANKIL/osteoprotegerin expression
in osteoblasts leading to an increase in bone resorption
[13, 14]. These experimental findings would suggest that
hyperprolactinemia may cause bone loss regardless of
hypogonadism. The results of our study seem to be consis-
tent with this hypothesis, since we did not find difference in
the prevalence of vertebral fractures between amenorrheic
and eugonadal pre-menopausal females with PRL-secreting
adenomas. Furthermore, we found higher prevalence of
radiological vertebral fractures in post-menopausal women
with hyperprolactinemia as compared with post-menopausal
women with normal PRL values, in relationship with serum
PRL values and mainly with duration of hyperprolactinemia.

Dopaminergic drugs are the primary therapy for pro-
lactinomas [34] and in previous studies they led to a partial
recovery of hyperprolactinemia-induced bone loss [35-38].
In our analysis, treated patients had significantly lower
prevalence of vertebral fractures as compared to patients
with untreated hyperprolactinemia. It is noteworthy that the
prevalence of vertebral fractures in our women with treated
hyperprolactinemia was not different to that observed in
control women, suggesting that dopaminergic drugs may
revert the risk of fractures in this clinical setting. However,
the correlation between treatment of hyperprolactinemia
and decrease of vertebral fractures was lost after correction
for duration of disease, providing also suggestion that risk
of fractures may remain high in patients with long-standing
hyperprolactinemia independently of medical treatment.
Alternatively, it may be hypothesized that at least in some
patients (i.e. in postmenopausal women) biochemical target
of PRL normalization was not pursued due to the lack of
usual clinical end-points (infertility, amenorrhea).

Our study has some limitations. We did not assess
properly the prevalence of growth hormone deficiency in
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our patient. Indeed, some of our patients had hypopituita-
rism as effect of pituitary gland compression by PRL-
secreting macroadenomas and growth hormone deficiency
may have occurred in most of them. Indeed, growth hor-
mone has important stimulatory effects on bone remodel-
ling and bone mass [39] and growth hormone deficiency is
associated with an increased risk of fragility fractures
independently of other pituitary hormone abnormalities
[40—43]. Serum IGF-I levels were lower in our fractured
patients as compared to patients who did not fracture but
this correlation did not seem to influence the correlation
between vertebral fractures and duration of hyperprolacti-
nemia (Table 3). Furthermore, the prevalence of vertebral
fractures was not correlated with the size of pituitary
adenomas which is an important determinant of the
occurrence of growth hormone deficiency and hypopitu-
itarism in this clinical setting. These findings would sug-
gest that hyperprolactinemia may cause vertebral fractures
independently of hypopituitarism. Another drawback of the
study is related to its cross-sectional design, which does not
allow to clarify the timing of hyperprolactinemia effects on
fracture risk, as well as the existence of a biochemical
target or a threshold PRL level associated with an increase
of fracture risk. The correlation with the duration of disease
would suggest that vertebral fractures may not be an early
event, as observed in other forms of secondary osteoporosis
[29, 42]. The cross-sectional design of the study did not
permit to investigate the long-term skeletal impact of
hyperprolactinemia developed during the attaining of peak
of bone mass. Specifically, we cannot clarify whether a
long-standing hyperprolactinemia in pre-menopausal per-
iod may have influenced in our patients the occurrence of
vertebral fractures in post-menopausal period. Indeed, only
prospective studies will allow to clarify this interesting
aspect. Finally, due to the selected nature of our control
population, which included subjects with signs and symp-
toms of spinal involvement, one can consider that the
fracture risk in our hyperprolactinemic population could be
even underestimated when eventually compared to an
unselected general population.

Our study may have significant clinical implications. As
in other forms of secondary osteoporosis, in patients with
PRL-secreting adenoma the measurement of BMD may
provide only few information on the fracture risk, since
fractures may occur also in patients with osteopenia.
Therefore, a spine X-ray with morphometric analysis
should be performed for a complete skeletal assessment in
patients with PRL-secreting adenomas with low BMD
(either osteopenia or osteoporosis). The finding that post-
menopausal women with hyperprolactinemia had high risk
of vertebral fractures may lead to important changes in the
management of prolactinomas in this clinical setting. In
fact, the current guidelines recommend treatment of
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prolactinomas in post-menopausal women only if a mac-
roadenoma is present or there are symptoms or signs due to
mass effect or there is troublesome galactorrhea [44, 45].
However, based on our data, low BMD may be proposed as
a further clinical criterion for treatment with dopamine
agonist of prolactinomas in post-menopausal women.
Furthermore, also withdrawal of dopaminergic agonists in
women with prolactinomas entering physiological meno-
pause has to be carefully evaluated [46-48], taking into
consideration their skeletal status. The correlation between
duration of hyperprolactinemia and vertebral fractures may
encourage to perform a long-term skeletal monitoring in
post-menopausal women with prolactinomas, even after
starting dopaminergic drugs.

In conclusion, our data provide evidence that hyper-
prolactinemia may be a risk factor for morphometric
vertebral fractures, which may significantly impact the
long-term outcome of affected patients who should be
considered candidates for careful monitoring of skeletal
health.
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