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Abstract: Objective: The prevalence of hyperprolactinemia in non-functioning pituitary macroadenomas (NFPMAs) 
is not well known, and hyperprolactinemia caused by a NFPMA is currently associated with diagnostic uncertainty. 
Thus, the aim of this study was to evaluate the prevalence of hyperprolactinemia in NFPMAs. Methods: A meta-
analysis of all existing articles in PubMed was conducted. The search string was designed as “(non-functioning pi-
tuitary tumor OR non-functioning pituitary tumor OR non-functioning pituitary macroadenomas OR non-functioning 
pituitary macroadenomas OR non-functioning pituitary adenomas OR non-functioning pituitary adenomas) and hy-
perprolactinemia”. References of the articles found were also reviewed. Study selection and data extraction were 
performed independently by two reviewers. Data were analyzed with STATA 11.0 software (StataCorp LP, USA). The 
fixed effects model was used to evaluate these studies. Results: The search identified 57 published studies, seven 
of which were accepted for the final meta-analysis. The authors found an overall estimated 40.2% prevalence 
of (95% CI, 36.6%-43.7%) hyperprolactinemia in NFPMAs. Conclusions: Given the high frequency of hyperprolac-
tinemia in NFPMAs, a diagnosis of NFPMA or prolactinoma should be made more carefully.
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Introduction

Since surgery is the primary treatment for 
patients with pituitary non-functioning mac-
roadenomas (NFPMAs), and medication is the 
primary treatment for patients with prolactino-
mas [1], the differentiation of NFPMAs from 
prolactinomas is extremely important for plan-
ning optimal therapy. Hyperprolactinemia has 
been suggested as a major differentiating fi- 
nding between NFPMAs and prolactinomas, 
but disruption of dopaminergic inhibition by 
NFPMAs can result in hyperprolactinemia [2]. 
Hyperprolactinemia caused by NFPMAs or pro-
lactinomas is currently associated with diag-
nostic uncertainty [3, 4].

Because there are no significant symptoms, or 
only nonspecific symptoms, in patients with 
hyperprolactinemia caused by NFPMAs [5], it is 
difficult to accurately assess the prevalence of 

hyperprolactinemia in these patients. To obtain 
the most reliable estimate of the prevalence of 
hyperprolactinemia in NFPMAs, we conducted 
a meta-analysis of the current medical li- 
terature.

Standards for the diagnosis of hyperprolac-
tinemia varied among the different laborato-
ries. The authors selected published studies 
without setting a limit for the normal range of 
the prolactin level; the level was interpreted on 
the basis of the normal range for the prolactin 
level in each individual laboratory.

Materials and methods

Search strategy

Relevant articles were identified through a 
PubMed search conducted on January 29, 
2013, without the imposition of a beginning 



Hyperprolactinaemia in non-functioning pituitary macroadenomas

18991 Int J Clin Exp Med 2015;8(10):18990-18997

Table 1. Studies were accepted for detailed data extraction

Study (year) Country No. of 
NFPA

Male/
Female

Macro-/ 
Microadenomas Normal range of prolactin Study objective

Behan et al., 
2013 [9]

Ireland 250 148/102 250/0 70-566 mIU/L for females 
and 55-414 mIU/L for males

To examine prolactin concentrations at presentation in a cohort 
of histologically proven nonfunctioning pituitary adenomas

Berkmann et 
al., 2012 [10]

Switzerland 92 62/30 92/0 53-360 mIU/L for men and 
42-530 mIU/L for women

To evaluate the endocrinological outcome of iMRI- guided trans-
sphenoidal surgery

Famini et al., 
2011 [11]

United States 364 162/202 ND According to the normal 
range and method of each 
laboratory

An updated review

Cury et al., 
2009 [12]

Brazil 104 64/42 103/1 According to the normal 
range and method of each 
laboratory

An updated review

Karavitaki et 
al., 2006 [13]

Britain 226 147/79 226/0 0-450 mIU/L for males and 
0-600 mIU/L for females

To investigate the serum prolactin values in patients presenting 
with apparently nonfunctioning pituitary macroadenomas

Fonseca et al., 
2002 [14]

Brazil 23 8/15 23/0 According to the normal 
range and method of labora-
tory

To study the influence of hyperprolactinemia and tumoral size in 
the pituitary function in clinically nonfuncioning pituitary mac-
roadenomas

Drange et al., 
2000 [15]

United States 98 38/60 76/22 100-636 mIU/L To systematically evaluate epidemiological, biochemical, and 
clinical outcome data by a novel evidence-based computerized 
pituitary tumor registry

Arita et al., 
1996 [16]

Japan 19 0/19 ND 0-530 mIU/L To investigated the effects of surgery on pituitary-gonadal func-
tion in women with pituitary adenomas

Beentjes et 
al., 1996 [17]

Netherlands 34 14/20 34/0 0-200 mIU/L for males and 
0-600 mIU/L for females

To explore the GH responses to the insulin tolerance test and 
growth hormone releasing hormone in patients with pituitary 
lesions

Sakurai et al., 
1988 [18]

Japan 14 9/5 14/0 42-524 mIU/L To explore the relationship between mRNA of prolactin and ACTH 
and clinically nonfunctioning pituitary adenomas

NFPA, non-functioning pituitary adenoma; ND, no data; RIA: radioimmunoassav; CLIA, chemiluminescence immunoassay; 1 µg/L is equivalent to 21.2 mIU/L (WHO Standard 84/500).



Hyperprolactinaemia in non-functioning pituitary macroadenomas

18992 Int J Clin Exp Med 2015;8(10):18990-18997

Table 2. AHRQ* quality assessment criteria for selected study
Behan et al., 

2013 [9]
Berkmann et 
al., 2012 [10]

Cury et al., 
2009 [12]

Karavitaki et 
al., 2006 [13]

Fonseca et al., 
2002 [14]

Beentjes et al., 
1996 [17]

Sakurai et al., 
1988 [18]

1. Define the source of information (survey, record review) Y Y Y Y Y Y Y
2. List inclusion and exclusion criteria for exposed and 
unexposed subjects (cases and controls) or refer to previ-
ous publications

Y N Y Y Y N N

3. Indicate time period used for identifying patients Y Y Y Y Y N Y
4. Indicate whether or not subjects were consecutive if 
not population-based

Y Y Y Y Y Y Y

5. Indicate if evaluators of subjective components of 
study were masked to other aspects of the status of the 
participants

N N N N N N N

6. Describe any assessments undertaken for quality as-
surance purposes (e.g., test/retest of primary outcome 
measurements)

Y Y N Y Y Y N

7. Explain any patient exclusions from analysis Y NA NA NA NA NA NA
8. Describe how confounding was assessed and/or 
controlled

N Y N Y N N N

9. If applicable, explain how missing data were handled 
in the analysis

N NA NA NA NA NA NA

10. Summarize patient response rates and completeness 
of data collection

Y Y Y Y Y Y Y

11. Clarify what follow-up, if any, was expected and the 
percentage of patients for which incomplete data or 
follow-up was obtained

NA NA NA NA NA NA NA

TOTAL/APPLICABLE ITEMS (the Not Applicable (NA) items 
were excluded from the sum)

7/10 6/8 5/8 7/8 6/8 4/8 4/8

*AHRQ, Methods Guide for Effectiveness and Comparative Effectiveness Reviews. AHRQ Publication No. 10(14)-EHC063-EF. Rockville, MD, Agency for Healthcare Research and 
Quality. January 2014. Chapters available at: www.effectivehealthcare.ahrq.gov. Abbreviations: Y = Yes; N = No; U = Unclear; NA = Not applicable.
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data limit. Articles published in the PubMed 
database were queried with the search string: 
“(non-functioning pituitary tumor OR non-func-
tioning pituitary tumor OR non-functioning pitu-
itary macroadenomas OR non-functioning pi- 
tuitary macroadenomas OR non-functioning 
pituitary adenomas OR non-functioning pitu-
itary adenomas) AND hyperprolactinemia”. Re- 
ferences of the articles found were also 
reviewed. The search was conducted indepen-
dently by two authors. Fifty-seven publications 
were identified for potential inclusion in the 
study. Publications were searched and consid-
ered without language restrictions.

Study selection

The initial search in the PubMed database 
resulted in a total of 61 articles. Studies select-
ed for inclusion were limited to those involving 
> 10 cases; five case reports were excluded. 
The authors were unable to obtain the full text 
of one study [6]. A total of 55 potentially rele-
vant articles were identified for full assess-
ment. Of these, 45 articles were excluded 
because they did not contain an exact preva-
lence of hyperprolactinemia in non-functioning 
pituitary adenomas (NFPAs) or because they 
used inappropriate selection criteria for 
patients with NFPA. Ultimately, 10 studies were 
accepted for detailed data extraction.

Data extraction

Ten studies were assessed by two reviewers. 
Each reviewer recorded parameters indepen-
dently. Their findings were compared and any 
differences were rectified by consensus.

Study quality

There is currently no validated tool for risk of 
bias assessment among prevalence studies 

Statistical methods

The aim was to best estimate the prevalence of 
hyperprolactinemia in NFPMAs. For all selected 
studies, the mean prevalence of hyperprolac-
tinemia in NFPMAs was extracted, and then the 
variance was computed assuming a binomial 
distribution. A meta-analysis used to integrate 
the studies was executed with STATA 11.0 soft-
ware (StataCorp LP, USA). When the studies 
had a low heterogeneity (I2 < 25%), the varianc-
es of the reported results were closely associ-
ated with the natural differences between 
patients. In this case, the fixed effects model 
(inverse square) was used to evaluate these 
studies. The random effects model would have 
been used to estimate the prevalence if I2 was 
> 25%. Because I2 was 0% in this meta-analy-
sis, a fixed effects model was used to estima- 
te the prevalence of hyperprolactinemia in 
NFPMAs.

Results

Study inclusion

Ten studies were initially identified for inclusion 
in this meta-analysis. Data from the 10 studies 
are presented in Table 1 [9-18]. Two studies 
were conducted in Japan, three in Europe 
(Switzerland, Britain, and the Netherlands), two 
in the United States, and two in Brazil. No sig-
nificant differences in the estimates of the 
prevalence of hyperprolactinemia in NFPMA 
patients existed in the studies published from 
these countries.

Three of the 10 studies were excluded from fur-
ther analysis. The study by Drange et al. [15] 
was excluded because 32% of the NFPAs asso-
ciated with secondary hyperprolactinemia were 
microadenomas. Two studies were excluded 
from the analysis because the number of 

Table 3. Studies selected for meta analysis

Study (year) No. of 
NFPA Prevalence Variance 95% CI

Behan et al., 2013 [9] 250 0.448 0.03145 (0.3864, 0.5094)
Berkmann et al., 2012 [10] 92 0.348 0.04966 (0.2507, 0.4453)
Cury et al., 2009 [12] 104 0.385 0.04771 (0.2915, 0.4785)
Karavitaki et al., 2006 [13] 226 0.385 0.03237 (0.3216, 0.4484)
Fonseca et al., 2002 [14] 23 0.391 0.11455 (0.1916, 0.5904)
Beentjes et al., 1996 [17] 34 0.412 0.08441 (0.2466, 0.5774)
Sakurai et al., 1988 [18] 14 0.357 0.12805 (0.1060, 0.6080)

[7]. The Agency for Healthcare 
Research and Quality (AHRQ) 
validated a checklist for ob- 
servational studies [7, 8]. Th- 
us, the quality of each study 
was independently assessed 
by the same 2 reviewers in 
strict accordance with the 
AHRQ quality assessment ch- 
ecklist. Disagreements bet- 
ween the reviewers were 
resolved by a third party.
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NFPMAs was not indicated [11, 16]. Therefore, 
seven studies were used in the final analysis.

Risk of bias

The seven studies selected were considered to 
be relatively homogeneous. Besides this par-
ticular issue, most of the studies performed 
appropriate prevalence of hyperprolactinemia 
in NFPMAs. All selected studies had low 
heterogeneity.

No study fulfilled all the methodological criteria; 
three studies [12, 17, 18] had a moderate risk 
of bias and four studies [9, 10, 13, 14] had a 
low risk of bias based on the sum of the 11 
applicable items of the Cross-Sectional/
Prevalence Study Quality Assessment Forms of 
the AHRQ. Details of each AHRQ item and the 
evaluation criteria are shown in Table 2.

Prevalence of hyperprolactinemia in NFPMAs

In the selected studies, there was a 34.8%-
44.8% range in the estimated prevalence of 
hyperprolactinemia in NFPMAs (Table 3). The 
overall estimated mean prevalence was 40.2% 
(95% CI, 36.6%-43.7%; I2, 0.0%). A forest plot 
was generated, and the pooled estimate was 
made using the fixed effects model (Figure 1).

Serum prolactin values

The serum prolactin levels in patients with 
NFPMAs were also recorded (Table 4) [9, 10, 
13, 14, 17, 18]. In this meta-analysis, the six 
studies that included serum prolactin levels 
showed that a serum prolactin level > 2,000 
mIU/L was seldom detected in a patient with 
NFPMAs. Pituitary adenomas with prolactin lev-
els > 2,000 mIU/L were more likely to be diag-
nosed as prolactinomas [13].

Immunocytochemical testing

This study also reviewed the immunocytochem-
ical staining of NFPMAs reported in the accept-
ed papers (Table 5) [9, 12-14, 18]. In the study 
from Karavitaki et al. [13], the immunohisto-
chemical diagnosis included “null cell adeno-
ma”. Null cell adenomas are classified as 
NFPAs, and show negative or focal immunore-
activity for follicle-stimulating hormone, lutein-
izing hormone, and alpha sub-units [19]. Our 
study found gonadotrophin positive tumors and 
tumors that were negative for immunocyto-
chemical staining for any hormone were the 
most common. Adrenocorticotropic hormone 
(ACTH) positive tumors and growth hormone 
(GH) positive tumors were rare.

Figure 1. Forest plot for the estimates of the prevalence of hyperprolactinaemia in NFPMAs in selected studies.
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Discussion

This meta-analysis estimated the prevalence of 
hyperprolactinemia in NFPMAs to be 40.2%. 
The results indicate that hyperprolactinemia is 
fairly common in patients with NFPMAs, and 
this information will aid clinicians in making a 
more accurate diagnosis of hyperprolactinemic 
NFPMAs or prolactinoma. This study also delin-
eated some additional features of NFPMAs 
including the serum prolactin level and immu-
nohistochemical classification.

Each laboratory had different detection meth-
ods for prolactin and each study had varied 
standards for the definition of hyperprolac-
tinemia. In our analysis, prolactin levels were 
interpreted according to the standards for each 
laboratory. Whether the pituitary macroadeno-
ma with hyperprolactinemia is NFPMA or pro-
lactinoma is difficult to be decided before treat-
ment. Serum prolactin levels have been a key 
factor in making this differentiation. A study by 
Karavitaki et al. [13] investigated the range of 
serum prolactin levels in patients with NFPMAs, 
and showed that serum prolactin levels > 2000 
mIU/L were almost never detected in these 
patients. In another clinical study, Caputo et al. 

[20] evaluated the records of 122 patients with 
NFPMAs and found that serum prolactin levels 
were > 2000 mIU/L in only four cases. Their 
study also supported the belief that hyperpro-
lactinemia in NFPMAs produces levels almost 
always < 2000 mIU/L [13].

Adenomas with a diameter < 10 mm are defined 
as microadenomas and those ≥ 10 mm as mac-
roadenomas. Small lesions in the pituitary 
gland are generally insignificant, and those 
pituitary microadenomas associated with per-
sistent hyperprolactinemia should be consid-
ered small prolactinomas [4]. It was commonly 
believed that further assessment of hyperpro-
lactinemic pituitary microadenomas was un- 
necessary [21]. However, in the study by Drange 
et al. [15], 32% of the NFPAs associated with 
secondary hyperprolactinemia were microade-
nomas. Smith et al. [22] found no significant 
correlation between prolactin level and adeno-
ma size in a series of 44 patients with NFPAs 
assessed by MRI. Non-functioning pituitary 
microadenomas may also cause hyperprolac-
tinemia associated with diagnostic uncertainty. 
However, studies of the prevalence of hyperpro-
lactinemia in non-functioning pituitary microad-
enomas are rare.

Table 4. Results of serum prolactin levels in non-functioning pituitary macroadenomas

Study (year) No. of 
NFPA Serum prolactin levels

Behan et al., 2013 [9] 250 Median 414 mIU/L; range 2 mIU/L-2678 mIU/L; just 3 cases > 2000 mIU/L
Berkmann et al., 2012 [10] 92 477.0 ± 682.6 mIU/L in males; 417.6 ± 375.2 mIU/L in females
Karavitaki et al., 2006 [13] 226 Median 386 mIU/L; range 16 mIU/L-3257 mIU/L; just 3 cases > 2000 mIU/L
Fonseca et al., 2002 [14] 23 Range 104.9 mIU/L-1611.2 mIU/L
Beentjes et al., 1996 [17] 34 Median 375 mIU/L; range 99 mIU/L-3927 mIU/L; just 1 case > 2000 mIU/L
Sakurai et al., 1988 [18] 14 Median 394.3 mIU/L; range 72.1 mIU/L-1104.5 mIU/L
1 µg/L = 21.2 mIU/L (WHO Standard 84/500).

Table 5. Results of immunohistochemical testing for non-functioning pituitary macroadenomas

Immuno-staining Behan et al., 
2013 [9]

Cury et al., 
2009 [12]

Karavitaki et al., 
2006 [13]

Fonseca et al., 
2002 [14]

Sakurai et al., 
1988 [18]

Gonadotroph 19.6% 14.7% 63.3% 13.0% ND
Plurihormonal adenomas ND 27.6% 11.1% ND ND
Null cell 64.4% 43.0% 20.4% 21.7% ND
ACTH ND 1.4% ND ND 0.0%
GH ND 1.4% ND ND 0.0%
PRL ND 5.4% ND ND 0.0%
TSH ND 5.4% ND ND ND
ACTH, adrenocorticotropic hormone; GH, growth hormone; PRL, prolactin; TSH, thyroid-stimulating hormone; ND, no data.
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This meta-analysis found a 40.2% prevalence 
of hyperprolactinemia in NFPMAs. This finding 
emphasizes the high frequency of hyperprolac-
tinemia in NFPAMs. Prolactinoma should be 
considered in the differential diagnosis of 
hyperprolactinemia; however, it is important to 
exclude the existence of a NFPMA.
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