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Abstract
Hyperprolactinemia is a prevalent endocrine disorder presented in patients with non-functional pituitary adenomas (NFPAs).
However, the mechanism involved in hyperprolactinemia in NFPA is not fully illustrated. The current study aims to investigate
predictors for hyperprolactinemia in NFPA via analyzing relevant clinical features. Thus, in this study, a cohort of 214 cases with
integrated medical records was retrospectively analyzed concerning clinical, pathological, and endocrinological studies before and
after surgery.
Hyperprolactinemia happened in 93 cases (43.5%). Women (adjust odds ratio [OR]=3.093; P< .01), age of patients (adjust OR=

0.951; P< .01), and serum free tetraiodothyronine (FT4) level (adjust OR=0.882; P= .02) were independent predictors for
developing preoperative hyperprolactinemia. Tumor size and hypopituitarism had no impact on hyperprolactinemia. During a median
follow-up of 43.5 (range, 22–80) months, 83.9% patients with preoperative hyperprolactinemia experienced prolactin (PRL)
normalization. Preoperative PRL level (adjusted OR=1.741, P= .03) was the exclusive predictor for PRL normalization after adjusting
for tumor volume, preoperative serum FT4 concentration, and postoperative residual. The PRL normalization rate of patients with
lower PRL level (<2.35-fold upper limit of normal range) was 95.2% and decreased to 65.5% for patients with higher PRL level.
In conclusion, our results suggest existence of potentially alternative mechanisms underlying hyperprolactinemia in NFPAs, like the

discrepancy of sex and age and the negative feedback of FT4. Preoperative PRL is a predictor for postoperative PRL normalization,
which is of clinically relevant for postoperative management of NFPAs.

Abbreviations: ACTH = adrenocorticotropic hormone, AMR= analytic measurement range, AUC= area under ROC curve, CV=
coefficient of variation, FCP = fold change of PRL, FSH = follicle-stimulating hormone, FT3 = free triiodothyronine, FT4 = free
tetraiodothyronine, GH = growth hormone, GTR = gross total resection, ICA = internal carotid artery, IHC = immunohistochemistry,
LH = luteinizing hormone, MR =magnetic resonance, NFPA = non-functional pituitary adenomas, OR = odds ratio, PRL = prolactin,
ROC = receiver operating characteristics, ROI = Region of Interest, SD = standard deviation, TH = tyrosine hydroxylase, TIDA =
tuberoinfundibular dopaminergic neurons, TRH = thyrotropin-releasing hormone.
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1. Introduction
Non-functional pituitary adenoma (NFPA) is one of the most
common subtypes of pituitary adenomas. In contrast to
functional pituitary adenomas, NFPAs are rarely associated
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with hormone hypersecretion. Nevertheless, previous reports
found that approximate 40% of NFPA patients presented
hyperprolactinemia, which might cause galactorrhea, amenor-
rhea, and erectile dysfunction.[1,2] “Pituitary stalk effect” is the
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most recognized hypothesis for hyperprolactinemia in NFPAs.[2]

Affected by the hypothalamic dopamine from the hypophyseal
portal system,[3] prolactin (PRL) is generally inhibited to a
physiological level. Thus, sellar or suprasellar masses, including
NFPAs, could possibly influence the pituitary stalk, and
theoretically lead to hyperprolactinemia through mechanic
compression or dopaminergic neuronal damage. However,
tumor size shows a weak correlation with hyperprolactinemia
in NFPAs. Only some large NFPAs cause hyperprolactinemia,
and a significant amount of tumors with suprasellar extension
have normal PRL level,[4,5] suggesting alternative mechanisms for
hyperprolactinemia in NFPA. Theoretically, modulators of
hypothalamic dopamine system are capable of affecting serum
PRL level in NFPAs. Remarkable sexual discrepancy of activity
and reactivity exists in tuberoinfundibular dopaminergic neurons
(TIDA), which is one of the most crucial parts of the
hypothalamic dopamine system.[6] Other factors, as neurotensin,
substance P, estradiol and opioids, are likely to impact on PRL
concentration by modulating the activity of TIDA.[6,7] Besides,
thyrotropin-releasing hormone (TRH) can promote the PRL
release and patients with primary hypothyroidism have higher
prevalence of hyperprolactinemia,[8,9] which are of highly clinical
relevance for NFPAs.
According to the “Pituitary stalk effect” theory, serum PRL

level decreases as a consequence of pituitary stalk decompression
after surgery. However, a small proportion of patients still suffer
from persistent postoperative hyperprolactinemia.[10] PRL, a
pleiotropic hormone predominately secreted by lactotroph cells
of the anterior pituitary gland, is mainly involved in lactation and
reproduction.[11] Elevated PRL concentration has markedly
impact on fertility, especially for women in the child-bearing
age. Furthermore, PRL is also involved in immunoregulation and
autoimmune diseases.[12,13] Thus, persistent postoperative hyper-
prolactinemia exerts potential damage to patients with NFPAs.
Additionally, recurrence of hyperprolactinemia is one of the signs
for tumor relapse.[14] Also, PRL level is a predictor for
postoperative neuroendocrine recovery in patients with pituitary
apoplexy.[15] The natural course of PRL dynamic after surgery
could facilitate further understanding of the mechanism of
postoperative hyperprolactinemia.
Hence, in this study, we retrospectively reviewed a cohort of

214 patients with NFPAs and reported the pre- and postoperative
evaluations of serum PRL level as well as the potential predictive
factors, hoping to shed some light upon hyperprolactinemia and
the natural course of PRL dynamic in NFPA.
2. Patients and methods

2.1. Patients

Newly-diagnosed patients with NFPA presenting to the Depart-
ment of Neurosurgery in West China Hospital of Sichuan
University between January 2010 and December 2017 and
operated by the senior author (SJ) were reviewed. A total of 214
cases with integrated medical archives were included in the final
analyses according to the following criteria. The diagnosis of
NFPA in these patients was confirmed according to preopera-
tively neuroradiological and endocrinological studies as well as
postoperatively pathological evaluations. Blood samples for
endocrinological studies were collected at the same time point (7–
8 am) of the day in each patient. Exclusion criteria contained
several circumstances: adenoma associated with clinical or
2

biochemical evidence of hormonal hypersecretion; cases with
other conditions affecting the serum PRL levels, such as
pregnancy, psychiatric disorders, primary hypothyroidism,
chronic renal failure, severe liver disease, polycystic ovary
syndrome, previous hypothalamic-pituitary disease, or cranial
irradiation and medication intake (metoclopramide, tricyclic
antidepressants, reserpine, methyl-dopa, or oral contracep-
tives).[16]

After surgery, patients were recruited at 3, 6, and 12 months
and annually for endocrinological and neuroradiological evalu-
ation. Patients with postoperative hypopituitarism received
hormones replacement. Postoperative Gamma Knife radiosur-
gery was recommended to patients with residuals.
The materials used in this study consisted only of archival

specimens from this department. All procedures followed ethical
standards of the Declaration of Helsinki 1975, as revised in 1983
and approved by the Biomedical Research Ethics Committee of
West China Hospital of Sichuan University. For retrospective
study, formal consent is not required.
2.2. Neuroradiological evaluation

Magnetic resonance (MR) images were acquired in each patient
through standard 3.0-T scanner with contrast enhancement.
Besides, as to evaluate the degree of surgical resection, MR
scanning was likewise performed within 72hours and 3 months
after surgery. In this stage, tumor residual was identified by
comparing postoperative MR images with preoperative MR
scanning. Gamma knife radiosurgery was recommended to
residuals at this time. Suprasellar tumor growth was considered
significant in those cases with apparent compression of the optic
chiasm.[17] Cavernous sinus invasion was evaluated according to
the Knosp grade and considered in tumors extended beyond a line
through the cross-sectional centers of the intracavernous and
supracavernous internal carotid arteries (ICAs) on the coronal
MRI images. Sphenoid sinus extension was verified if the lesion
grew into the sphenoid sinus in preoperative MR scanning or
during surgical process.[17,18] In line with tumor maximal
diameter, adenomas were categorized into microadenoma (<1
cm), macroadenoma, and giant adenoma (≧4cm). In addition,
tumor volume was verified using the Region of Interest (ROI)
function of MR imaging system and calculated as the sum of all
tumor area measured on each tumor slice multiplied by slice
thickness.[19]
2.3. Endocrinological study

For PRL evaluation, blood samples were acquired by venipunc-
ture after revival at 7 to 8 am and maintained in anticoagulant-
free vacuum tubes. Over-night fasting was not mandatory.
Dynamic tests of prolactin secretion were not routinely adopted.
Serum separation was performed within 2hours and PRL levels
were measured by commercial electro-chemiluminescence kits
(ROCHE Diagnostics, IN) using Cobas E601 electrochemical
luminescence analyzer (ROCHE Diagnostics). The intra-assay
coefficients of variation (CVs) for PRL concentrations of 23.5
and 238.67ng/mL were 1.16% and 0.95%, respectively. The
sensitivity was 0.065ng/mL with the analytic measurement range
(AMR) being 0.105 to 452.88ng/mL. The reference range was
4.6 to 21.4ng/mL for men and 6.0 to 29.9ng/mL for women.
10-fold or 100-fold dilution of blood samples were employed in
out-of-range cases. Thus, the diagnosis of hyperprolactinemia
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was based on a PRL level upgrading above the upper limit of
normal range.[20] Other hormones, including cortisol, adreno-
corticotropic hormone (ACTH), free tetraiodothyronine (FT4),
free triiodothyronine (FT3), thyroid stimulating hormone (TSH),
luteinizing hormone (LH), follicle-stimulating hormone (FSH),
estradiol, testosterone, and growth hormone (GH) were
measured through commercially available kits (ROCHE Diag-
nostics, IN). The fold change of PRL (FCP) was calculated as PRL
level dividing the upper limit of normal range (ULN). Central
hypothyroidism was diagnosed in accordance with low circulat-
ing FT4 within low or normal TSH level.[21,22] Central
hypoadrenocorticism was verified by decreased serum corti-
sol.[23] The diagnosis of hypogonadotropic hypogonadism was
based on reduced estradiol/testosterone level with normal or
decreased FSH/LH and low or normal FSH/LH in postmeno-
pausal women.[24]

2.4. Pathological study

Surgical specimens were fixed in formalin and embedded in
paraffin. Tissue slices were evaluated by routine hematoxylin &
eosin staining and further immunohistochemistry (IHC) for GH,
PRL, ACTH, TSH, LH, and FSH. Pituitary transcript factors,
including Pit-1, SF-1, and Tpit, were not routinely assessed
during the period of January 2010 and December 2017.
Therefore, histopathological classification of NFPAs was partial-
ly followed the 2017 WHO classification[25] and determined as
previously described.[26,27] That is, positive immunostaining for
LH and/or FSH was considered as gonadotroph adenoma. A
diagnosis of null cell adenoma was made when immunostaining
was negative for all studied hormones. Plurihormonal adenoma
was diagnosed when immunostaining was positive for ≥2
pituitary hormones and at least one hormone was not
gonadotropins. Silent corticotroph, somatotroph, and lactotroph
adenomas were diagnosed as ACTH-, GH-, and PRL-positive
subtypes, respectively.

2.5. Statistical analysis

Results were displayed in the form of mean± standard deviation
(SD) or median. Student t and Mann–Whitney U tests were used
for quantitative data whereas Chi-square or Fisher exact tests
were used for categorical data. Pearson correlation analysis or
Spearman rank correlation analysis were conducted for corre-
lations among clinical features and endocrinological results.
Receiver operating characteristics (ROC) curve was employed to
excavate optimal cut-off points of FT4 for prediction of
hyperprolactinemia and preoperative PRL for prediction of
PRL normalization. Moreover, binary logistic regression was
performed for analyzing independent predictors of hyperpro-
lactinemia and PRL normalization. A P value of <.05 in 2-sided
tests was considered significant. Data were analyzed using SPSS
version 17.0 (SPSS Chicago IL).
3. Results

3.1. Preoperative hyperprolactinemia in NFPA

Total quantities of 214 patients with NFPA were enrolled in this
retrospective study. With a slight female predominance, female
patients accounted for 52.3% of the series (women: 112 cases;
men: 102 cases). The mean age at diagnosis in this cohort was
48.86±12.49 years. At presentation, the vast majority of patients
3

(90.7%) had clinical symptoms associated with mass effect.
Visual field deficit and headache were found in 164 (76.6%; 3
cases were accompanied by diplopia) and 98 (45.8%) cases,
respectively. Eight women appeared irregular menstruation, in
which 2 were normoprolactinemic. Eleven females (all hyper-
prolactinemic) noticed amenorrhea and 5 women (all hyper-
prolactinemic) presented galactorrhea. Laboratory examinations
revealed that 7 cases suffered from hypogonadotropic hypo-
gonadism in these patients. Additionally, detailed testing of
pituitary function had revealed much higher proportions of
patients with different kinds of hypopituitarism (Table 1). The
prevalences of hypoadrenocorticism, hypothyroidism, and
hypogonadism were 25.7%, 45.8%, and 42.5%, respectively.
Panhypopituitarism was presented in 30 patients. In addition,
asymptomatic macroadenoma was detected in 11 cases.
Preoperative neuroradiological assessment revealed a median

maximal tumor diameter of 2.8cm (range; 1.2–6.7cm). Accord-
ingly, 91.1% of cases were categorized as macroadenoma, and
the remaining 19 cases were giant adenomas. What’s more,
95.6% of NFPAs revealed parasellar extension, including
cavernous sinus invasion in 95 cases (44.4%), sphenoid sinus
extension in 50 cases (23.4%), and suprasellar extension in 182
cases (85.0%). Transsphenoidal microscopic adenoidectomy
(TSA) was employed in 85.0% of patients and resulted in a gross
total resection (GTR) rate of 82.7%. Postoperatively histopath-
ological analyses demonstrated that null cell, gonadotroph, and
plurihormonal adenomas accounted for 82, 46, and 44 cases,
respectively. Besides, 20 cases (45.5%) coming out of the positive
stained result of PRL.
Preoperative hyperprolactinemia was found in 93 cases

(43.5%) and median serum PRL concentration was 34.68ng/
mL (range, 0.23–213.90ng/mL). Spearman rank correlation
analyses disclosed that serum PRL level was correlated with sex,
age at diagnosis, and cavernous sinus invasion rather than tumor
size, sphenoid sinus, or suprasellar extension (data not shown).
Further detailed univariate analyses (Table 1) revealed that
hyperprolactinemic patients were more likely to be women
(68.8% vs 39.7%; P< .01) or younger (44.97±12.74 vs 51.84±
11.48 years; P< .01). Hyperprolactinemic cases also tended to
invade cavernous sinus (55.9% vs 35.5%; P= .01). Pathological
subtype of NFPAs had potential influences on preoperative PRL
level (P< .01). However, there was no statistic difference between
hyperprolactinemic and normoprolactinemic patients when it
came to tumor size and preoperative endocrinological assess-
ments. Surgical approach and GTR rate were consistent in 2
groups of patients. Additionally, median serum PRL concentra-
tion of women was relatively higher than that of men (35.33 vs
16.34ng/mL; P< .01). Allowing for the discrepant ULN of PRL,
PRL concentration was transformed as the fold change (FCP).
Median FCP of women was also higher than that of men (1.181-
vs 0.764-fold; P< .01). Further binary logistic regression
(Table 2) indicated that sex (female) (adjust OR=3.093;
P< .01) was a risk factor for developing preoperative hyper-
prolactinemia. Furthermore, elder patients (adjust OR=0.951;
P< .01) or cases with higher serum FT4 level (adjust OR=0.882;
P= .02) were less likely to have hyperprolactinemia. Cavernous
sinus invasion and pathological subtype were not independent
predictors for preoperative hyperprolactinemia.
Although the prevalence of hypothyroidism was consistent in

normoprolactinemic and hyperprolactinemic cases, serum FT4
level had a significant impact on hyperprolactinemia in
binary logistic regression. Preoperatively, the mean serum FT4
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Table 1

General characteristics of total population.

Patients’ characteristics Normoprolactinemic Hyperprolactinemic P value

No. of patients 121 93
Serum prolactin, ng/mL 14.20±6.89 61.33±37.19 <.0001
Sex (female, %) 48 (39.7) 64 (68.8) .0024
Age at diagnosis, yr 51.84±11.48 44.97±12.74 <.0001
Radiologic feature
Tumor maximal diameter, cm 2.8 (1.2–5.5) 3.0 (1.2–6.7) .3079
Tumor volume, cm3 6.1 (0.6∼44.0) 6.9 (0.5∼67.5) .3096
Extension direction

Cavernous sinus (%) 43 (35.5) 52 (55.9) .0143
Sphenoid sinus (%) 33 (27.3) 17 (18.3) .2082
Suprasellar (%) 103 (84.3) 80 (86.0) .8286

Pathological subtypes (no. of patients)
Null cell adenoma 52 30 .0005
Gonadotroph adenoma 32 14
Plurihormonal adenoma 13 31
Other 24 18

Endocrinological assessment
Central hypoadrenocorticism (%) 30 (24.8) 25 (26.9) .7541
Central hypothyroidism (%) 52 (43.0) 46 (49.5) .4065
Hypogonadotropic hypogonadism (%) 49 (40.5) 42 (45.2) .5771
Panhypopituitarism (%) 17 (14.0) 13 (14.0) 1.000

Surgical approach
Transcranial/Transsphenoidal 18/104 15/78 .8494

Gross total resection (%) 102 (84.4%) 75 (80.6%) .4725

Data were presented as mean± standard deviation (SD), median (range), or number (percentage); other pathological subtype included 21 silent corticotroph, 5 somatotroph, and 13 lactotroph adenomas; positive
results were highlighted in bold.
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concentration was 12.30±3.40pmol/L. Thus, ROC curve
(Fig. 1) was performed to excavate a better cutoff point for
prediction of hyperprolactinemia. The area under ROC curve
(AUC) was 0.5829 (P= .04) with the optimal cutoff point of FT4
being 6.445pmol/L.

3.2. Postoperative evaluation of PRL in NFPA

After surgery, 93.0% of patients experienced decreased serum
PRL concentration (normalized in 72.0% of patients). The
median postoperative PRL level was 9.87ng/mL (range, 1.86–
55.73ng/mL). Meanwhile, the prevalences of postoperative
hypothyroidism and hypogonadism were 25.7% (43/167) and
43.8% (60/137), respectively. After surgery, the mean serum FT4
level was 14.90±4.25pmol/L, which showed no correlation with
Table 2

Binary logistic regression of variables associated with hyperpro-
lactinemia.

95% confidence interval

Variables Adjust OR Lower limit Upper limit P value

Sex (female) 3.093 1.565 6.112 .001
Age 0.951 0.924 0.979 .001
Cavernous sinus invasion 0.559 0.281 1.112 .097
FT4 0.882 0.793 0.980 .020
Pathological subtype .461
Null cell 1.000
Gonadotroph 1.265 0.500 3.203 .620
Plurihormonal 0.671 0.232 1.941 .433
Other 1.403 0.664 1.712 .122

Positive results were highlighted in bold.
FT4= free thyroxine, OR= odds ratio.
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postoperative PRL concentration. As expected, the decreasing
extent of PRL in preoperatively hyperprolactinemic patients was
higher than that in normoprolactinemic cases (median, 71.24%
vs 41.14%, P< .01). Moreover, in preoperative hyperprolacti-
nemic patients, sex and tumor volume were not related with the
percentage of PRL decrease. With a median follow-up of 43.5
(range, 22–80) months for preoperatively hyperprolactinemic
patients, 97.8% of patients experienced the decrease in serum
PRL concentration, in which 78 cases (83.9%) showed
normalization of their serum PRL at last visit (Table 3). The
menstrual cycle of 8 female patients with irregular menstruation
(included 2 normoprolactinemic cases) got back to normal.
Galactorrhea remitted in all 5 patients who initially presented.
Meanwhile, amenorrhea was relieved in 4 patients and 4 women
reconstructed normal menstrual cycle. Compared with cases with
PRL normalization, patients with persistent postoperative hyper-
prolactinemia had higher preoperative PRL level (median FCP,
3.274- vs 1.703-fold, P< .01), larger tumor volume (median,
10.8 vs 6.7cm3, P< .01), lower preoperative serum FT4
concentration (9.51±3.33 vs 12.25±3.05pmol/L), and were
more likely to have tumor residuals (46.2% vs 15.4%, P= .02).
However, preoperative PRL level (FCP, adjusted OR=1.741,

P= .03) was the only independent predictive factor for PRL
normalization in binary logistic regression. Further analyses
confirmed that the optimal cutoff point of FCP was 2.35-fold
with the AUC being 0.7357 (P< .01, Fig. 2). The PRL
normalization rate of patients with lower FCP (<2.35-fold)
was 95.2% and decreased to 65.5% for patients with higher FCP.

4. Discussion

In this study, 93 (43.5%) of 214 patients with NFPAs exhibited
preoperative hyperprolactinemia. Young female patients and



Figure 2. ROC curve of preoperative PRL concentration (FCP). ROC curve
revealed that preoperative PRL concentration (FCP) of 2.35-fold was the
optimal cutoff point for prediction of postoperative PRL normalization (AUC,
0.7357; P= .00673). AUC=area under ROC curve; FCP= fold change of PRL;
PRL=prolactin; ROC= receiver operating characteristics.Figure 1. ROC curve of serum FT4 concentration. ROC curve revealed that

FT4 level of 6.445pmol/L was the optimal cutoff point for prediction of
hyperprolactinemia (AUC, 0.5829; P= .03849). AUC=area under ROC curve;
FT4= free tetraiodothyronine; ROC= receiver operating characteristics.
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patients with lower serum FT4 concentration were more likely to
develop hyperprolactinemia. During the follow-up, 83.9%
patients bearing preoperative hyperprolactinemia experienced
PRL normalization. Preoperative PRL level was associated with
PRL normalization after adjustment for tumor volume, preoper-
ative serum FT4 concentration, and postoperative residual.
Among patients with NFPAs, the majority of patients showed

mass effect-related symptoms. Only a small proportion (10.3%)
of patients manifested as irregular menstruation, amenorrhea and
galactorrhea, even if 43.5% of patients exhibited hyperprolacti-
nemia. Therefore, mild hyperprolactinemia was not likely to
cause noteworthy clinical symptoms associated with elevated
PRL concentration in NFPAs. Meanwhile, we found that
hyperprolactinemia frequently happened in young and female
patients with NFPAs. Two facts should be focused, which enables
to account for this phenomenon. On the one hand, we believe
that age and sex influences something on this issue. Similar to
previously reports,[28,29] most young women initially experience
amenorrhea or galactorrhea whereas men and postmenopausal
women do not present these hyperprolactinemia-associated
symptoms, which represents a similar phenomenon observed
Table 3

Factors affected PRL normalization.

Patients’ characteristics With PRL normaliza

No. of patients
∗

78
Preoperative PRL (FCP) 1.703 (1.032–6.32
Sex (female) 54 (69.2%)
Age at diagnosis, yr 45.44±13.07
Tumor volume, cm3 6.7 (0.5∼44.0)
Pathological assessment (null cell adenoma %) 27 (34.6%)
Cavernous sinus invasion 43 (55.1%)
Serum FT4 concentration, pmol/L 12.25±3.05
Surgical approach (transsphenoidal) 67 (85.9%)
Postoperative residual 12 (15.4%)

Data were presented as mean± standard deviation (SD), median (range), or number (percentage); posi
FCP= fold change of PRL; PRL=prolactin.
∗
Two patients suffered from hypoprolactinemia and were excluded from the following analyses.
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in microprolactinomas.[30] On the other hand, sex- and age-
related differences of gonadal hormones may prompt younger
women to be vulnerable to the disturbance of hypothalamic-
pituitary dopaminergic system and thereby to develop hyper-
prolactinemia. Several shreds of evidences support this hypothe-
sis. Firstly, PRL secretion is tonically inhibited by hypothalamic
dopaminergic neurons.[3] It is reported that basal dopaminergic
neuronal activity is higher in women than in men.[31] Therefore,
the basal secretory activity of pituitary lactotrophs, which is
regulated by dopaminergic neurons, could also be higher in
women under physiological condition. Secondly, hypothalamic
tyrosine hydroxylase (TH), which is involved in the biosynthesis
of dopamine, could be inactivated by estrogens.[32] Lastly, PRL
secretion is also stimulated by estrogens in animal experiments[33]

and estrogen has the ability to promote PRL secretion by
inhibiting dopamine incorporation into PRL secretory gran-
ules.[34] Therefore, there might be some differences between
NFPAs and prolactinoma with respect to the female preponder-
ance.
Generally, hyperprolactinemia in NFPAs is attributed to the

pituitary stalk effect. However, investigations of neuroradiologi-
cal features of NFPAs report controversial results. Suprasellar
growth and higher width/anteroposterior diameter ratio are
tion Without PRL normalization P value

13
4) 3.274 (1.154–9.995) .0058

8 (61.5%) .7487
42.92±9.19 .5078

10.8 (4.7∼67.5) .0064
2 (15.4%) .2125
8 (61.5) .7682

9.51±3.33 .0039
10 (76.9%) .4145
6 (46.2%) .0190

tive results were highlighted in bold.
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associated with hyperprolactinemia.[2,28] However, the degree of
pituitary stalk compression, stalk deviation, or tumor size are not
predictors for PRL level in a more detailed neuroradiological
study.[4] Instead, increased intrasellar pressure presents a positive
correlation with hyperprolactinemia.[35] Consistent with these
studies, tumor size and extension direction of tumor were not
related to hyperprolactinemia in NFPAs in this study. Recently, a
new theory about hyperprolactinemia in NFPAs has been
proposed, which considers hyperprolactinemia is the conse-
quence of pituitary stalk effect and lactotroph failure.[29]

Pituitary stalk effect and lactotroph deficiency, which is
accompanied by other hypopituitarism, gradually develop with
the growth of NFPAs. In the early stage, the pituitary stalk effect
causes significant hyperprolactinemia with intact lactotroph
function. On the contrary, in the late stage of NFPAs, lactotroph
failure may lead to normal or even low serum PRL concentration.
Thus, hyperprolactinemia, which represents normal lactotroph
function, is an indication of normal pituitary function. However,
in this study, there was no statistical difference in the prevalence
of hypopituitarism between normoprolactinemic and hyper-
prolactinemic patients.
Furthermore, we found that lower serum FT4 concentration

was an independent risk factor for hyperprolactinemia, though a
diagnosis of central hypothyroidism did not correlate with
hyperprolactinemic status. Further analysis proved that the
optimal cutoff point of FT4 for predicting hyperprolactinemia
was 6.445pmol/L, rather than the lower limit of normal reference
range. For the mechanism, primary hypothyroidism is a well-
known cause of hyperprolactinemia for reason that elevated
thyrotropin-releasing hormone (TRH) is a physiologic stimulus
on the release of PRL from lactotrophs.[36] It might also fit for
central hypothyroidism for increased TRH secondary to negative
feedback of low thyrotropin or thyroxine, though whether TRH
could reach pituitary gland under the stalk effect remained to be
solved. Additionally, reduced sensitivity to tonic inhibition of
dopamine on PRL release among hypothyroid patient is also
thought to be a contributor to hyperprolactinemia.[8] As a result,
for patients with NFPAs, remarkable central hypothyroidism
might aggravate hyperprolactinemia.
Increasedpressureonpituitary stalk is oneof themechanisms for

hyperprolactinemia in NFPAs. Thus, surgical decompressing can
normalize the stalk effect-induced hyperprolactinemia.[28] Surgical
disruption of the hypothalamic-pituitary transport can lead to an
increased postoperative PRL level. In the current study, the vast
majority of patients experienced a decrease of PRL, and 72.0% of
patients had normalization of PRL after tumor debulking,
suggesting that iatrogenic damage of the pituitary stalk had
limited impact on postoperative PRL concentration. At the last
visit, 83.9% of patients exhibited normalization of PRL. In binary
logistic regression, preoperative PRL concentration (FCP) was the
sole factor for PRL normalization. More importantly, patients
with <2.35-fold preoperative FCP were more likely to normalize
their PRL levels after surgery. This fact is meaningful for
postoperative surveillance for possible tumor recurrence. Elevated
PRL level is not a convincing indication for tumor progression in
cases with obviously preoperative hyperprolactinemia.
This study has several limitations. Firstly, this study contained

all drawbacks of retrospective investigation. Secondly, we
included clinical NFPAs in this study. However, some of them
are silent GH/PRL/ACTH adenomas which perhaps differ from
null cell and gonadotroph adenomas in pathological aspect.[25]

Thirdly, pituitary transcript factors recommended in the 2017
6

WHO classification were not tested during this period, this may
show some impacts on the diagnostic accuracy of null cell and
gonadotroph adenoma. Lastly, macroprolactinemia is a relevant
issue for this study.[13] However, macroprolactin was not
routinely assessed in our institution. As a consequence, the
information of macroprolactinemia could not be analyzed in this
study.
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