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1. Background
Pituitary adenomas account for 5–20% of all brain tu-

mors (1). Therapeutic options for these tumors include 
surgery, drug treatment, and radiotherapy, either alone 
or in combination. Pituitary diseases are often associa-

Background: Pituitary diseases are often associated with changes in quality of life. Hypopitui-
tarism and radiotherapy may negatively affect quality of life, causing depression and anxiety 
and resulting in cognitive disorders. 
Objectives: To comparatively evaluate cognitive function and quality of life in patients with 
pituitary adenomas who developed hypopituitarism after surgery, with or without radio-
therapy.
Patients and Methods: Out of a total of 36 patients enrolled in the study, 25 (70%) received con-
formal radiotherapy as an adjuvant treatment. The mean age was 47 ± 13 years in the radio-
therapy group and 48 ± 12 years in the non-radiotherapy group. All the patients had hypo-
pituitarism and had undergone hormone replacement therapy, with the exception of the 
growth hormone, for the entire axes. Tests to assess cognitive function, anxiety, depression, 
and quality of life were performed on an outpatient basis.
Results: There were no differences between the groups, with respect to gender, educational 
level, and presence of deficit in the adrenal, gonadal, somatotropic, or thyroid axis. Mean 
time since surgery and that since radiotherapy was 10 ± 5 years and 10 ± 6 years, respectively. 
All the patients had some degree of anxiety and depression on the basis of their Beck Anxiety 
and Depression Inventory scores. There was a trend toward greater depression severity in 
the group undergoing radiotherapy (p = 0.058). With respect to the health-related quality of 
life, a significant difference was detected in social relationships, with lower scores observed 
in the radiotherapy group.
Conclusions: Irradiated hypopituitary patients showed impairment in the social relationship 
aspect of their quality of life and greater depression severity.
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ted with changes in health-related quality of life (HQOL). 
Hypopituitarism, specifically, can negatively affect HQOL 
and cause depression and anxiety, leading to cognitive di-
sorders (2). Surgical insult to the pituitary gland is a risk 
factor for the development of hypopituitarism, with 7.2–
20.6% of patients presenting new pituitary deficiencies 
after a trans-sphenoidal approach, even in experienced 
surgical centers (3). Growth hormone (GH)- and cortico-
tropin (ACTH)-secreting adenomas are associated with 
persistent adverse effects that may affect HQOL, even in 
cured patients (4, 5). Radiotherapy can lead to the deve-
lopment of hypopituitarism in more than 80% of the cases 
10 years after irradiation (6). Since new deficiencies can 
appear even 20 years later, lifelong surveillance is necessa-
ry and has been related to reduced HQOL (7, 8). There is a 
lack of clinical studies and reviews specifically evaluating 
the role of surgical hypopituitarism and radiotherapy in 
the HQOL, mood, and cognitive function of patients.

2. Objectives
The objective of this study was to evaluate cognitive 

function and HQOL in pituitary adenoma patients who 
developed hypopituitarism after surgery. The patients 
were classified into the radiotherapy group (on the basis 
of the patient’s condition prior to surgery [impossibility 
of total resection] and response to surgery) and the non-
radiotherapy group.

3. Patients and Methods
3.1. Subject Selection and Questionnaire

A sample chosen by convenience included a total of 
36 patients who were operated on via the trans-sphe-
noidal route by the same neurosurgeon in a reference 
neurosurgery hospital. The patients were selected upon 
follow-up in the Center for Neuroendocrinology in our 
institution. Twenty-five patients (70%) received fractio-
nated conformal radiotherapy as adjuvant treatment, 
at doses of 45–50 Gy. The mean age was 47 ± 13 years in 
the radiotherapy group and 48 ± 12 years in the non-ra-
diotherapy group. All the patients had hypopituitarism 
and had undergone hormone replacement therapy, with 
the exception of GH, for the entire axis. The exclusion 
criteria were aspects that could hinder tests, such as illi-
teracy, blindness, and motor disability. The patients gave 
written informed consent and answered a questionnaire 
that included information on educational level, time sin-
ce surgery, time since radiotherapy (if applicable), and 
hormone replacement therapy. Tests for the assessment 
of cognitive function (mini-mental state examination 
[MMSE]) (9, 10), digit span (DS) (11, 12), word span (WS) (11, 
12), famous faces (13), immediate recall (14, 15), anxiety 
(Beck Anxiety Inventory [BAI]) (16), depression (Beck De-
pression Inventory [BDI]) (16), and HQOL (an abbreviated 
Portuguese version of the World Health Organization 
Quality of Life Assessment Instrument [WHOQOL-BREF]) 
(17) were then applied on an outpatient basis. Patients 

answered the tests individually, in the absence of relati-
ves or caregivers. The examiner read the questions aloud 
for patients with some degree of visual impairment, and 
no patient received aid in the interpretation of the que-
stions. All the assessments were performed and analyzed 
by the same trained examiner (CP). The study was appro-
ved by the local ethics committee (Institutional Review 
Board-equivalent) and conducted in accordance with the 
provisions of the Declaration of Helsinki.

3.2. Statistical Analysis

The analyzed data followed univariate normal distribu-
tion, which allowed us to use parametric tests. Quantita-
tive data and cognitive scores were expressed as mean 
and standard deviation values and categorical variables 
as counts and percentage values. The Student t test was 
used for comparisons between mean values, and the chi-
square test (or Fisher’s exact test) was used for categori-
cal data. The significance level was set at 5% (p < 0.05), 
and the Statistical Package for the Social Sciences (SPSS) 
version 17.0 was used for data analysis.

4. Results
The demographic characteristics of all the study pa-

tients are described in Table 1. There were no differences 

Surgery + RT a 
(n = 25)

Surgery
(n = 11)

P a Value

Age, y 47 ± 13 49 ± 12 -

Sex, F a/M a 16/9 5/6 0.46

GH a/IGF-1 a deficit b 28.6% 33.3% 1.00

LH a/FSH a deficit 64.0% 54.5% 0.71

ACTH a deficit 68.0% 63.6% 1.00

Thyroid deficit 68.0% 100% 0.07

3 or more deficits c 44.0% 45.5% 1.00

Table 1. Patient Characteristics

a Abbreviations: RT, radiotherapy; p, significance level; F, female; M, male; 
GH, growth hormone; IGF-1, insulin-like growth factor; LH, luteinizing 
hormone; FSH, follicle-stimulating hormone; and ACTH, adrenocortico-
tropic hormone
b Documented assessment of GH or IGF-1 available in 10 cases 
c Three or more hypophyseal axes deficits 

between groups with respect to gender, educational 
level, and presence of deficit in the adrenal, gonadal, so-
matotropic, or thyroid axis, although thyroid deficiency 
showed a trend toward significance (p < 0.076). The as-
sessment of concomitant deficiency in 3 or more hor-
monal axes also revealed no differences between groups. 
When the tests were performed, the mean time since 
surgery or since the first surgery, if there were multiple 
surgeries, was 10 ± 5 years (2–25 years), and the mean 
time since radiotherapy was 10 ± 6 years (1–25 years). Of 
the 36 patients, 18 (50%) were diagnosed with nonfunc-
tioning adenoma, 12 (33%) with GH-secreting adenoma, 5 
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5. Discussion 
In patients with pituitary adenoma, mass effects of the 

tumor, surgical intervention, or radiotherapy can lead 
to hypopituitarism. Regardless of the cause, hypopitui-
tarism was a constant variable in the sample group. In 
the assessment of cognition, the mean MMSE scores ba-
sed on the educational level range from 22 to 28 (18). The 
mean scores in our hypopituitary radiotherapy and non-
radiotherapy groups were within this range.

The overall performance on memory tests was satisfac-
tory. Even though our group of patients did not under-
go GH therapy, the findings of our study disagreed with 
those obtained by Bülow et al (7), who showed impaired 
cognitive function in female hypopituitary patients who 
did not undergo GH replacement therapy, in a setting 
similar to that in this study. Our findings also disagreed 
with those obtained by Nieves-Martinez et al. (19), who re-
ported that GH deficit plays a role in memory and atten-
tion impairment. Our findings indicated that patients 
performed the range of tests without significant impai-
rment in cognitive function. 

Pituitary adenomas per se may have a strong impact on 
patients for different reasons such as the following: the 
tumor’s proximity to the central nervous system, indica-
tion for surgery in this specific area, consecutive thera-
pies as deemed necessary, adverse effects of treatment, 
consequences of hormone deficiency that may be pre-
sent since diagnosis, consequences of hormone hyper-
secretion in secreting adenomas, physical abnormalities 
resulting from acromegaly and Cushing’s disease, long-
term medical follow-up and assessments (necessary even 
in successful cases), and a high rate of tumor recurrence. 
This list certainly does not exhaust the adverse events 
associated with pituitary adenomas but allows us to pre-
dict mood and HQOL changes. 

In this study, all the patients had some degree of anxie-
ty and depression. The mean BAI score in a sample of uni-
versity students was 11.4, and 4% of the sample showed a 
pathological level of stress (20). Our patients had mean 
scores closer to those described in the normal popu-
lation, which range from 4.18 to 10.69, with differences 
according to gender and urban or rural dwelling (21). 
In our study, non-irradiated patients showed mean BDI 
scores within this range, whereas BDI scores were higher 
among irradiated patients (21), with a strong trend to-

Tests Surgery + RT a

(Mean Score)
Surgery
(Mean Score)

P a Value

MMSE a 23.50 26.70 0.17

DS a 6.00 6.00 1.00

WS a 5.00 6.18 0.67

Famous faces 21.12 25.09 0.06

Immediate recall 4.52 4.27 0.78

BAI a 9.96 9.73 0.96

BDI a 14.28 8.27 0.058

Table 2. Results for Cognitive Function and Anxiety and Depression Scores

 a Abbreviations: RT, radiotherapy; p, significance level; MMSE, Mini-men-
tal state examination; DS, digit span; WS, word span; BAI, Beck Anxiety 
Inventory; and BDI, Beck Depression Inventory

WHOQOL-BREF a 
Domains

Surgery + RT a 
(Mean Scores)

Surgery 
(Mean Scores)

P a Value

Physical health 58.85 64.9 0.24

Psychological 62.8 68.18 0.38

Social relationships 60.33 72 0.04

Environment 58 63.6 0.30

Table 3. Results of the Health-Related Quality of Life (HQOL) Assessment

a Abbreviations: RT, radiotherapy; p, significance level; and WHOQOL-
BREF, World Health Organization Quality of Life Assessment Instrument

(14%) with prolactin-producing adenoma, and 1 (3%) with 
ACTH-producing adenoma (Cushing’s disease). The re-
sults for cognitive function, anxiety, and depression are 
shown in Table 2.

MMSE revealed no differences between the radiothera-
py and non-radiotherapy groups with respect to specific 
cognitive functions such as orientation to time, orienta-
tion to place, 3-word registration, attention and calcu-
lation, 3-word recall, language, and visual constructive 
ability (p = 0.17). The mean DS score also showed no sig-
nificant differences between the 2 groups. The mean WS 
score was 5.0 words in the radiotherapy group and 6.18 
words in the non-radiotherapy group, and both groups 
showed satisfactory performance. Both groups showed 
good performance on the famous faces test, with no sta-
tistically significant differences between the groups. In 
the immediate recall test, both groups could recall about 
4 fragments of the story, thereby showing a satisfactory 
performance. 

The study patients had some degree of anxiety, accord-
ing to their BAI scores. In the radiotherapy group, 19 pa-
tients had minimal level of anxiety, 1 had mild anxiety, 4 
had moderate anxiety, and 1 had severe anxiety, whereas 
in the non-radiotherapy group, 9 patients had minimal 
anxiety, 1 had mild anxiety, and 1 had moderate anxiety; 
no differences were observed between the 2 groups (p = 
0.96). Likewise, all the study patients had some degree 
of depression, according to their BDI scores. In the ra-
diotherapy group, 15 patients had minimal depression, 
2 had mild depression, 6 had moderate depression, and 
2 had severe depression; and in the non-radiotherapy 
group, 9 patients had minimal depression, 1 had mild 
depression, and 1 had moderate depression. In the ra-
diotherapy group, the mean BDI score was 14.28 (mild 
depression) versus 8.27 (minimal depression) in the non-
radiotherapy group, with a trend toward greater depres-
sion severity in the group administered radiotherapy (p 
= 0.058). The results of WHOQOL-BREF are described in 
Table 3. A significant difference was detected in the social 
relationships, with the radiotherapy group showing low-
er scores than the non-radiotherapy group.
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ward a difference between the 2 groups. The findings in 
relation to general population HQOL scores have yet to be 
fully established. General data for the different WHOQOL-
BREF domains are as follows: 73.5 ± 18.1 for the physical 
health domain; 70.6 ± 14.0 for psychological well-being; 
71.5 ± 18.2 for social relationships; and 75.1 ± 13.0 for the 
environment domain (21). In our study, mean scores, in 
most cases, were lower than the above-mentioned scores, 
although within standard deviation values. The finding 
of low scores in the field of social relationships in the ir-
radiated patients in this study is intriguing and has an 
undefined effect on the day-to-day lives of the patients. 
A previous study showed that the scores of unhealthy 
individuals were up to 50% lower than those of healthy 
subjects (22). Other studies reported that discontinua-
tion of GH therapy in young adults with childhood-onset 
GH deficiency leads to a decrease in HQOL (23). 

The groups evaluated in the present study, due to their 
descriptive characteristics, although not analyzed sepa-
rately by gender, proved to be an adequate sample for 
the purpose of identifying radiotherapy-induced effects 
on cognition, depression, anxiety, and HQOL effects that 
include hypopituitarism itself. All surgeries had been 
performed via trans-sphenoidal access and with mini-
mal pituitary damage by the same neurosurgeon in a 
reference neurosurgery hospital (3). The regimen and 
dose of radiotherapy used were those most commonly 
recommended for pituitary adenomas (8). Our findings 
are not consistent with those by Burman et al. (24), who 
reported deleterious effects of conventional radiothe-
rapy on brain function and showed that GH deficiency 
was not a determinant factor for brain injury. Similarly, 
Peace et al. (25) reported cognitive impairment, especial-
ly in memory function and reading ability, in irradiated 
patients. Radiation therapy may lead to cognitive impai-
rment attributable to either vascular injury in small- and 
medium-sized blood vessels (26) or to an autoimmune 
process triggered by damaged glial cells (27). Conversely, 
similar to our study, Noad et al. (28) reported that althou-
gh patients undergoing radiotherapy may show impai-
red function while executing tasks, they do not have 
overall cognitive impairment. A review by Brada and 
Jankowska (29) failed to show clear evidence that low-do-
se fractioned radiotherapy, in addition to the deleterious 
effects of surgery and the tumor itself, affects cognitive 
function in adults. Tooze et al. (30) suggested a need for 
further studies to assess cognitive status at the time of 
diagnosis of pituitary adenoma and periodically during 
follow-up. The same approach was recommended by Fer-
nandez et al. (8), who observed that hypopituitarism may 
develop even 20 years after radiotherapy, indicating the 
need for long-term monitoring in order to diagnose and 
treat new deficiencies. There is much debate on the spe-
cific role of radiotherapy in mood changes. According to 
Page et al. (31), patients who had received radiotherapy 
were more depressed and showed greater anxiety. Our 
results did not confirm these findings, although a trend 

toward greater depression severity was detected in the 
radiotherapy group. In contrast, radiotherapy has alrea-
dy been observed to exert a mild protective effect against 
depression (32). 

There is much debate on the effect of radiotherapy on 
HQOL. Van Beek et al. (33) did not observe reduced HQOL 
in the irradiated group in a study of 82 patients with 
nonfunctioning pituitary adenoma who were treated 
using radiotherapy and hormone replacement therapy 
for the involved axis. Likewise, Noad et al. (28) did not 
detect reduced HQOL among irradiated patients. Con-
versely, Dekkers et al. (34) reported reduced HQOL in 
patients successfully treated for pituitary adenomas by 
radiotherapy when the Short Form-36 was applied, an 
impairment detected in our study only in the social re-
lationships domain of WHOQOL-BREF. Our results sho-
wed that patients with hypopituitarism associated with 
pituitary adenomas did not show cognitive impairment, 
memory deficit, or different anxiety scores. Impairment 
was detected only in 2 categories: depression, with gre-
ater depression severity among irradiated patients and 
HQOL, in which irradiated patients showed a deficit in 
the social relationship domain. It is important to men-
tion that our study consisted of patients who had under-
gone trans-sphenoidal surgery, whereas postsurgical pi-
tuitary dysfunction occurs more commonly in patients 
who undergo craniotomy (3). 

The advent of modern radiotherapy has contributed to 
improved survival and HQOL in patients with a variety of 
malignancies and benign tumors, albeit with an increa-
sed risk of treatment-related adverse effects (8). Since our 
findings do not reflect the consensus in the literature, a 
re-evaluation conducted in different pre- and post-sur-
gical and pre- and post-radiotherapy settings and in the 
presence or absence of hypopituitarism may point to-
ward an association of each of these variables, with pos-
sible cognitive impairment or mood and HQOL changes.
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