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Pituitary adenomas and the treatment required for 
the underlying neuropathology have frequently been 
associated with cognitive dysfunction. However, 

the nature of and the mechanisms for these impairments 
remain the subject of much debate. Surgery and ionizing 
radiation using either conventional radiotherapy or radio-

surgery such as Gamma Knife radiosurgery (GKRS) are 
the treatments of choice for pituitary adenomas. The ad-
ministration of GKRS in the post-resection period is high-
ly effective in achieving tumor control of nonfunctioning 
adenomas (NFAs).5,7,23

However, pituitary adenoma treatments are not without 
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OBJECTIVE Pituitary adenomas and the treatment required for the underlying neuropathology have frequently been as-
sociated with cognitive dysfunction. However, the mechanisms for these impairments remain the subject of much debate. 
The authors evaluated cognitive outcomes in patients treated with or without Gamma Knife radiosurgery (GKRS) for an 
underlying pituitary adenoma.
METHODS This was a retrospective, institutional review board–approved, single-institution study. A total of 51 patients 
(23 male, 28 female) treated for pituitary adenoma were included in this neurocognitive study. Twenty-one patients 
underwent GKRS following transsphenoidal surgery, 22 patients were treated with transsphenoidal surgery alone, 
and eight patients were conservatively managed or were treated with medical management alone. Comparisons using 
psychometric tests of general intellectual abilities, memory, and executive functions were made between the treatment 
groups, between male and female patients, and between patients with Cushing’s disease and those with nonfunctioning 
adenoma (NFA).
RESULTS The entire patient sample, the NFA group, and the GKRS group scored significantly below expected on 
measures of both immediate and delayed memory, particularly for visually presented information (p ≤ 0.05); however, 
there were no significant differences between the patients with Cushing’s disease and those with NFA (t ≤ 0.56, p ≥ 
0.52). In those who underwent GKRS, memory scores were not significantly different from those in the patients who did 
not undergo GKRS (t ≤ 1.32, p ≥ 0.19). Male patients across the sample were more likely to demonstrate impairments in 
both immediate memory (t = -3.41, p = 0.003) and delayed memory (t = -3.80, p = 0.001) than were female patients (t ≤ 
1.09, p ≥ 0.29). There were no impairments on measures of general intellectual functioning or executive functions in any 
patient group. The potential contributions of tumor size and hormone levels are discussed.
CONCLUSIONS Overall, pituitary adenoma patients demonstrated relative impairment in anterograde memory. How-
ever, GKRS did not lead to adverse effects for immediate or delayed memory in pituitary adenoma patients. Cognitive 
assessment of pituitary adenoma patients is important in their longitudinal care.
https://thejns.org/doi/abs/10.3171/2018.7.GKS181595
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complications. Patients treated for pituitary adenoma have 
reported memory impairments,19,38 and several studies 
have found deficits in various domains of memory and ex-
ecutive function. In a recent systematic review, Alsumali 
et al.1 compared nine studies of cognition following trans-
sphenoidal surgery for pituitary tumors. Six of the eight 
cross-sectional studies found postoperative impairments 
in verbal and nonverbal memory; however, two studies 
found no decline or even improvement in memory postsur-
gery. There was even greater variance between the stud-
ies in other assessed areas of cognition, with half of the 
studies showing postoperative impairment in attention or 
executive functioning, while the other half did not. Over-
all, Alsumali et al. found that negative changes in verbal 
memory were the most consistent findings postsurgery. In 
contrast, other studies have consistently found that general 
intellectual functioning is unaffected.15,26,33,34

Most studies examining the cognitive effects of ra-
diotherapy are based on conventional three-field radio-
therapy, although more recent studies of cognition fol-
lowing GKRS have begun to emerge. Many studies of 
conventional radiotherapy have found no differences 
between patients treated with and those treated without 
irradiation,8,14,15,26 although some differences have oc-
casionally been found on measures of executive ability24 
and memory.18 Several reasons for these differences have 
been noted, but again these are inconsistently noted. One 
study found that younger patients had better outcomes 
than older patients after pituitary surgery,22 while others 
have not reported a difference.8,9,24,26,27,34,35 Another study 
found that presurgery tumor size is negatively correlated 
with postsurgery outcome,28 whereas other studies have 
not.16,35 Finally, Tooze33 found a sex difference, with men 
performing significantly worse than women on tests of 
immediate memory across a cohort of patients treated for 
NFA, regardless of treatment group. Interestingly, a previ-
ous study14 added patient sex as a covariate in its analyses, 
suggesting a difference between men and women in their 
sample, although this was not independently reported. 
Other studies have not reported whether they found a sex 
difference.24,26,27,34,35

Studies on the cognitive effects of GKRS have start-
ed to appear. A preliminary pilot study of the effects of 
GKRS on cognition found that while patients treated for 
pituitary adenoma demonstrated memory impairment, 
there were no cognitive differences between those treated 
with and those treated without GKRS.34 A longitudinal 
study screened six different areas of cognition and func-
tioning before stereotactic irradiation and for an average of 
24 months thereafter.9 While there was evidence of some 
deterioration for individual patients, the patient group as 
a whole did not show evidence of cognitive deterioration 
following irradiation and even showed improvement on a 
measure of executive function. While these initial studies 
are promising, the first was a pilot study conducted on a 
small sample of 14 patients34 and the second study used 
only one computer-based test of each cognitive function, 
which would be considered more of a cognitive screen 
than a full analysis of these cognitive abilities.6

In the current study we aim to expand on our prelimi-
nary pilot study and deliver the first full-powered cross-

sectional comparison of the cognitive abilities of patients 
treated with or without GKRS for pituitary adenoma, us-
ing the current gold-standard psychometrics. In this study 
we use a measure of relative impairment (i.e., the predic-
tive discrepancy) in assessments of memory, which does 
not show bias if a person’s general intellectual abilities de-
viate from those of their age-matched peers. This should 
allow the most sensitive comparisons of these treatment 
groups. Our null hypothesis is that there will be no dif-
ference between treatment groups or patient groups on 
cognitive measures, and our alternative hypothesis is that 
patients treated with GKRS will have poorer outcomes 
on cognitive measures than those treated without the use 
of GKRS. Furthermore, our alternative hypothesis is that 
patients treated for NFA will perform better on tests of 
cognition than patients with hormone-producing pituitary 
tumors.

Methods
This is a retrospective cross-sectional comparison of 

patients treated for pituitary adenoma using measures of 
general intellectual ability, memory, and executive func-
tioning. The study was approved by the University of Vir-
ginia institutional review board. Patients had been seen in 
the neuro-endocrine and neurosurgery clinics at the Uni-
versity of Virginia Medical Center. During the period of 
2014 to 2016, 14 patients were treated for Cushing’s dis-
ease, 7 for acromegaly, 4 for medically refractory prolac-
tinoma, and 26 for NFAs. Eight patients in the non-GKRS 
group were conservatively managed (i.e., 6 patients with 
NFA had no radiosurgical, radiation, medical, or resec-
tive treatment) or were treated with medication alone (2 
patients with prolactinoma). All other patients underwent 
surgery. All patients were diagnosed with a pituitary ad-
enoma after the age of 18 years. Patients were treated with 
resection or radiosurgery a minimum of 6 months before 
testing. Patients were excluded from the study if they had a 
history of stroke, known neurological impairment, or dia-
betes mellitus or were pregnant or breastfeeding.

The radiosurgical technique utilized at our institution 
has been previously described.34 During the study peri-
od, patients were treated with GKRS in a single fraction. 
Multi-isocenter dose plans were used. Patients with NFAs 
received a mean margin dose of 17 Gy, and those with 
functioning adenomas such as Cushing’s disease received 
a mean margin dose of 25 Gy. In patients with NFAs and 
functioning adenomas, the ipsilateral maximal doses to the 
hippocampus were approximately 4–11 Gy and 8–14 Gy, 
respectively. In a study by our group in which we looked at 
the radiation dose to the anterior temporal lobe structures 
of radiosurgically treated patients, the mean dose and 50% 
volume dose to the anterior temporal lobe structures were 
2.6 Gy and 0.6 Gy, respectively.3

To evaluate preoperative endocrine function, patients 
underwent testing of 24-hour urine free cortisol (UFC) for 
Cushing’s disease, free thyroxine (T4), thyroid-stimulating 
hormone (TSH), prolactin, follicle-stimulating hormone, 
luteinizing hormone, growth hormone (GH), insulin-like 
growth factor (IGF)–1, serum cortisol, adrenocorticotrop-
ic hormone (ACTH), testosterone in men, estradiol and 
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menstrual history in women, and a basic metabolic panel. 
For postintervention endocrine follow-up, patients had en-
docrine testing specific to their functioning adenoma type 
to assess response to treatment typically at 6-month inter-
vals for the 1st year and yearly thereafter. At the discretion 
of the treating endocrinologist and if clinically indicated, 
additional laboratory testing was performed. Adrenocor-
ticotropic hormone deficiency was defined as a subnormal 
serum cortisol level with concomitant low ACTH levels. 
Serum cortisol levels were corrected to the reference range 
based on the timing of the testing. A TSH deficiency was 
defined as low free T4 levels with normal or decreased 
TSH. Gonadotropin deficiency was defined as low plasma 
testosterone with nonelevated gonadotropin levels in men, 
low plasma estradiol with low or normal gonadotropins 
in premenopausal women, or a lack of increased gonado-
tropins in postmenopausal women. A GH deficiency was 
defined as a low response of GH to insulin tolerance test 
(peak GH < 5 ng/ml). If the endocrine testing was per-
formed at an outside laboratory, we relied on the normal 
reference ranges provided from the testing laboratory to 
determine the presence of a pituitary deficiency for each 
particular hormone tested.

Neurocognitive Procedure
Patients completed the Wechsler Adult Intelligence 

Scale–Fourth Edition (WAIS-IV), the Wechsler Memory 
Scale–Fourth Edition (WMS-IV), and the Delis-Kaplan 
Executive Function System (D-KEFS), with rest breaks 
as needed. Forty-two patients completed the adult ver-
sion of the WMS-IV, while 9 patients over the age of 69 
years completed the older adult version of the WMS-IV, 
which does not provide the Visual Working Memory In-
dex (VWMI).

Neurocognitive Measures
The D-KEFS measures various executive functions 

such as verbal fluency, inhibition, hypothesis testing, strat-
egy use, and problem solving. The WAIS-IV measures 
both verbal and performance intelligence with a range of 
tasks that measure skills such as perceptual abilities and 
abstract reasoning. The WMS-IV is a battery of measures 
assessing anterograde memory. Participants are asked to 
recall either visually or verbally presented stimuli directly 
after each one is presented and then once more between 
20 and 30 minutes later, thus measuring both immediate 
and delayed recall. The WAIS-IV was originally trialed 
on 2200 neurologically intact individuals to collect the 
normative test data. These individuals were between 16 
and 90 years of age. The WAIS-IV was co-normed with 
the WMS-IV.

The WMS-IV was originally normed on 1400 of the 
same individuals who took the WAIS-IV, meaning the 
correlations between the WAIS-IV and WMS-IV could be 
evaluated to determine their relationships. The relatively 
high correlations between general intellectual abilities and 
memory allow the use of discrepancy analysis, wherein 
each person’s IQ score provides an estimate of their mem-
ory abilities.36 Each individual’s obtained memory scores 
can then be compared to the estimated scores predicted by 

their Full Scale Intelligence Quotient (FSIQ). While there 
is not a completely linear relationship between FSIQ and 
memory, FSIQ is a better predictor of memory abilities 
than any other index. When used in group studies, this 
method reduces within-group variance because each in-
dividual is compared to their theoretical selves, allowing 
comparison of each group to their expected scores, not just 
to other groups.

The WAIS-IV and WMS-IV were counter-balanced so 
an equal number of patients in each group started the test-
ing session with each test. This prevented fatigue from af-
fecting the results of one test more than the other. The re-
sults of the D-KEFS were not compared to the other tests, 
so the D-KEFS was administered last. This ensured the 
minimum amount of data was lost if a participant chose to 
leave the research protocol early. The psychometrics took 
a total of 4 hours to complete. The resulting data were 
analyzed using SPSS version 23 (IBM SPSS Statistics for 
Windows, version 23.0, IBM Corp.). Statistical signifi-
cance was deemed to have been achieved with a p value 
of less than 0.05.

Absolute impairment measures an individual’s abili-
ties in comparison to those of their age-matched peers. In 
contrast, relative impairment measures the discrepancy be-
tween each individual’s memory function and that same in-
dividual’s general intellectual functioning. Thus, the FSIQ 
of each patient was used to predict their memory scores us-
ing the following formula: achieved memory score - pre-
dicted memory score = discrepancy score.36 This is called 
the “predicted difference method.” It represents a more 
sensitive assessment of potential memory dysfunction. A 
negative discrepancy score indicates performance that is 
worse than expected and may indicate an acquired memo-
ry deficit. By predicting each individual’s memory scores 
from their own general intellectual abilities, differences 
between groups that are a result of a baseline difference 
in general ability will have a reduced effect on the study 
results, by decreasing between-group variance.

To test for relative impairment within each group, the 
difference between each group’s expected scores and their 
observed memory scores was compared to a score of 0 (no 
difference between observed and predicted scores) using 
a one-sample t-test.

The data were analyzed in four ways. Firstly, the whole 
group was analyzed to identify whether or not there was 
a consistent pattern of cognitive deficits across diagnoses 
and treatments. Secondly, patients with NFA were com-
pared to patients with Cushing’s disease to explore any 
potential additional impairment shown by the patients 
with Cushing’s disease possibly attributable to their raised 
cortisol levels. Thirdly, patients treated with GKRS were 
compared to patients who were treated without the use of 
any form of radiosurgery or radiotherapy to examine any 
additional impairment in the patients treated with GKRS. 
Finally, where differences were found, we conducted a 
post hoc comparison between male and female patients.

Results
The demographic and treatment characteristics of the 

participants are shown in Table 1. The characteristics were 
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compared using independent samples t-tests. The groups 
did not differ significantly on any characteristic. No dif-
ferences for age (t = 0.13, p ≥ 0.90) or the male/female ratio 
(p = 0.15, chi-square test) were found between the groups.

Intelligence
The mean FSIQ and index scores for each subgroup are 

shown in Table 2. There were no significant differences 
between patients treated with or without GKRS (p ≥ 0.07) 
or between the patients with NFA and those with Cush-
ing’s disease (p ≥ 0.09). A one-sample t-test demonstrated 
that the mean FSIQ for the whole sample was significantly 
higher than the general population mean score of 100 (t = 
3.37, p = 0.001).

Memory
The memory scores obtained by each subgroup are 

shown in Table 3. The discrepancies between each pa-
tient’s predicted memory scores and their achieved mem-
ory scores were compared to 0 (no discrepancy) and are 
shown in Table 4.

The Visual Memory Index (VMI) discrepancy scores 
(t = -3.92, p < 0.001), Immediate Memory Index (IMI) 
discrepancy scores (t = -2.95, p = 0.005), and Delayed 
Memory Index (DMI) discrepancy scores (t = -2.57, p = 
0.01) for the entire sample were significantly lower than 
the scores predicted by the patients’ FSIQ. Therefore, the 
whole patient sample shows a consistent pattern of relative 
memory impairment. Both patients with NFA and patients 

treated with GKRS performed significantly worse than 
expected on the VMI, the IMI, and the DMI, and the pa-
tients treated with GKRS also scored below expected on 
the Auditory Memory Index (AMI). Patients treated with-
out GKRS only scored below expected on the VMI. Every 
patient group scored as well as expected based on their 
FSIQ on the Visual Working Memory Index (VWMI). 
However, there were no significant differences in the 
memory scores between the patients with NFA and those 
with Cushing’s disease (t ≤ 0.56, p ≥ 0.52), nor between the 
patients treated with and those treated without GKRS (t ≤ 
1.32, p ≥ 0.19). Interestingly, there were also no differences 
in the memory or discrepancy scores between the eight 
patients who had not undergone surgery and the patients 
who had undergone surgery (t ≤ 1.35, p ≥ 0.19) or surgery 
and GKRS (t ≤ 1.346, p ≥ 0.16), except for the VWMI dis-
crepancy scores, on which the surgically treated patients 
tended toward better performance than those treated with-
out surgery or GKRS (t = 1.91, p = 0.07).

Post hoc analyses were conducted to explore other fac-
tors that could account for the significant discrepancies 
between predicted and achieved memory scores seen in 
some patients. There was no correlation between tumor 
size, either at the start of treatment (r ≤ 0.17, p ≥ 0.25) or 
at the point of cognitive testing (r ≤ 0.18, p ≥ 0.22), and 
any of the memory scores for the whole sample or for the 
NFA group, which contained the most patients who had 
undergone surgical intervention (20/26 patients). However, 
a significant difference was found between the male and 
female patients on the AMI discrepancy score, with men 

TABLE 1. Demographic and treatment characteristics of study subjects

Parameter No GKRS GKRS p Value

No. of patients 30 (12 NFA/10 C/5 A/3 P) 21 (14 NFA/4 C/2 A/1 P) NA
Sex 11 M/19 F 12 M/9 F NA
Age in yrs 56.2 ± 13.9 55.8 ± 12.2 0.90
Tumor size at start of treatment in cm3 1.54 ± 3.78 1.76 ± 2.03 0.82
Tumor size at cognitive testing in cm3 0.49 ± 1.33 0.43 ± 0.86 0.86
Time since resection in mos 70.4 ± 69.2 86.8 ± 38.0 0.43
Time since SRS in mos NA 53.3 ± 35.0 NA

A = acromegaly; C = Cushing’s disease; NA = not applicable; NFA = nonfunctioning adenoma; P = prolactinoma; SRS = stereotactic radiosurgery.
Data are expressed as the mean ± standard deviation, unless indicated otherwise.

TABLE 2. General intellectual functioning of the sample

Parameter Whole Sample GKRS No GKRS Cushing’s NFA

No. of patients 51 21 30 14 26
FSIQ 107.1 (14.8) 109.4 (13.1) 105.5 (15.9) 109.6 (15.1) 107.3 (15.1)
Index
 VCI 110.7 (16.3) 110.5 (15.4) 110.8 (17.1) 117.1 (17.9) 107.8 (14.7)
 PRI 104.8 (15.1) 106.2 (12.7) 103.8 (16.7) 104.7 (15.3) 107.0 (15.7)
 WMI 103.8 (15.2) 108.0 (16.6) 101.0 (13.9) 104.5 (13.6) 105.4 (17.0)
 PSI 101.7 (12.1) 105.4 (9.9) 99.2 (12.9) 102.6 (12.0) 101.6 (10.8)

FSIQ = Full Scale Intelligence Quotient; PRI = Perceptual Reasoning Index; PSI = Processing Speed Index; VCI = Verbal Comprehension 
Index; WMI = Working Memory Index.
Mean scores are shown with standard deviations in brackets.
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demonstrating greater discrepancies between their pre-
dicted and achieved scores than women (t = 2.51, p = 0.02). 
There was also a trend toward significance for the DMI 
discrepancy score (t = 1.96, p = 0.06), with women achiev-
ing delayed memory scores that were more commensurate 
with their predicted scores than men.

Finally, potential correlations between the memory 
discrepancy scores and hormone levels were investigated. 
Free T4 correlated with the VWMI discrepancy score. 
Patients with higher free T4 levels were more likely to 
achieve VWMI scores that were commensurate with the 
scores they were expected to attain, whereas patients with 
lower free T4 levels were more likely to achieve VWMI 
scores that were lower than expected (r = 0.31, p = 0.05). 

However, the more notable correlation was between sex 
hormone–binding globulin (SHBG; measured in 20 male 
patients) and the memory index scores. Interestingly, 
SHBG strongly negatively correlated with the AMI (r = 
-0.49, p = 0.03), the VMI (r = -0.48, p = 0.03), the IMI (r = 
-0.51, p = 0.02), and the DMI (r = -0.52, p = 0.02). Howev-
er, SHBG did not correlate with the memory discrepancy 
scores (p ≥ 0.17). This correlation was not replicated with 
free testosterone (r ≤ -0.13, p ≥ 0.56) or testosterone per se 
(r ≤ -0.31, p ≥ 0.16). In order to elucidate why SHBG could 
be negatively correlated with the memory index scores, but 
not the discrepancy scores, a further correlation between 
FSIQ and SHBG was tested, which showed a trend toward 
a significant negative correlation (r = -0.41, p = 0.08).

TABLE 3. WMS-IV scores achieved by each group

Parameter Whole Sample GKRS No GKRS Cushing’s NFA

No. of patients 51 21 30 14 26
Index
 AMI 101.6 (15.9) 99.7 (12.5) 103.0 (18.1) 105.9 (20.7) 102.5 (10.6)
 VMI 100.3 (13.3) 101.1 (13.1) 99.7 (13.6) 102.4 (11.9) 99.8 (12.7)
 VWMI 104.8 (12.0) (n = 42) 107.8 (11.5) (n = 17) 102.8 (12.1) (n = 25) 105.9 (10.5) (n = 13) 105.9 (14.3) (n = 19)
 IMI 101.1 (15.2) 99.9 (13.0) 101.9 (16.7) 104.9 (18.7) 101.3 (12.2)
 DMI 101.5 (15.1) 101.2 (13.0) 101.8 (16.6) 104.9 (18.1) 102.0 (12.0)

AMI = Auditory Memory Index; DMI = Delayed Memory Index; IMI = Immediate Memory Index; n = number of patients; VMI = Visual 
Memory Index; VWMI = Visual Working Memory Index.
Mean scores are shown with standard deviations in brackets. 

TABLE 4. Memory scores predicted for each group and the discrepancy from the achieved scores

Parameter Whole Sample GKRS No GKRS Cushing’s NFA

No. of patients (no. of M/F) 51 (23 M/23 F) 21 (12 M/9 F) 30 (11 M/19 F) 14 (3 M/11 F) 26 (16 M/10 F)
Index
 AMI
  Predicted mean 104.8 105.1 104.5 106.6 104.6
  Discrepancy −3.2 (13.4) −5.7 (11.8) −1.6 (14.4) −0.6 (17.0) −2.2 (9.6)
  p(t) ≠ 0 0.10 0.05 0.56   0.89 0.27
 VMI
  Predicted mean 105.9 106.7 105.3 107.9 106.0
  Discrepancy −5.7 (10.1) −5.8 (7.5) −5.6 (11.7) −5.5 (10.9) −6.5 (9.1)
  p(t) ≠ 0  <0.001   0.003   0.02   0.09   0.002
 VWMI
  Predicted mean 106.1 107.1 105.4 109.0 105.1
  Discrepancy −2.3 (10.8) −2.1 (12.4) −2.5 (9.9) −3.2 (11.4) −1.9 (11.1)
  p(t) ≠ 0 0.17 0.50 0.22 0.34 0.48
 IMI
  Predicted mean 106.0 106.5 105.7 108.2 105.9
  Discrepancy −5.1 (12.1) −7.0 (10.8) −3.8 (13.0) −3.3 (15.5) −4.8 (9.9)
  p(t) ≠ 0 0.005 0.01 0.12 0.44 0.03
 DMI
  Predicted mean 105.7 106.3 105.2 107.9 105.7
  Discrepancy −4.2 (11.6) −5.4 (9.1) −3.5 (13.1) −2.9 (15.1) −3.8 (9.1)
  p(t) ≠ 0 0.01 0.02 0.17 0.50 0.05

Mean scores are shown with standard deviations in brackets. Boldface type indicates statistical significance.
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Executive Functions
A one-sample t-test showed that the whole sample’s 

scores were either commensurate with those of the gener-
al population or significantly better than those of the gen-
eral population (t ≥ 1.43, p ≤ 0.16), and a similar pattern 
of results was found across all subgroups. Unsurprisingly, 
the executive functioning scores highly correlated with 
FSIQ (r ≥ 0.46, p ≤ 0.001), except for the Tower test, which 
only tended toward significance (r = 2.56, p = 0.07). There 
were no significant differences in the executive function-
ing scores between the patients with Cushing’s disease 
and those with NFA (t ≤ 1.42, p ≥ 0.17), nor between the 
patients treated with and those treated without GKRS (t ≤ 
1.29, p ≥ 0.20).

Discussion
This study compared the cognitive outcome of patients 

treated with or without GKRS for pituitary adenoma and 
found no impairment in general intellectual functioning, 
anterograde memory, or executive abilities compared to 
the normative data from gold-standard cognitive tests. 
These results are consistent with the findings in our previ-
ous pilot study.34 We compared differences in neurocog-
nitive function between appropriately powered cohorts 
treated with GKRS and those treated without GKRS for 
pituitary adenoma. The power analysis was based on our 
previous preliminary study.34 Thus, although we did not 
have baseline neurocognitive function testing before inter-
vention, we did have sufficient cohort sizes to detect differ-
ences in neurocognitive function as a result of differences 
in treatment modalities.

When using the more sensitive “predicted difference 
method” (discrepancy score) to assess memory function-
ing, the patient group scored worse than would be expect-
ed, given their FSIQs, on measures of both immediate and 
delayed memory, with greater deficits found for visually 
presented information than for verbally presented infor-
mation. Patients treated with GKRS scored significantly 
below expected on measures of both immediate and de-
layed memory, whereas patients treated without GKRS did 
not. It should be noted, however, that a direct comparison 
of these two treatment groups did not show a significant 
difference, suggesting that if there is further acquired 
memory impairment post-GKRS, these differences are 
likely to be subtle in most cases.

Further analysis of relative memory impairment 
showed that tumor size at the time of surgery or at the 
time of testing was not correlated with memory abilities. 
Interestingly, a sex difference was found within the entire 
sample, with men demonstrating greater levels of relative 
memory impairment than women. This is the second study 
to find a sex difference in relative memory performance. 
When assessing a cohort of patients treated for NFA in the 
United Kingdom, Tooze33 found that men were more likely 
to experience relative memory impairment than women, 
regardless of treatment type. Interestingly, patients treated 
for Cushing’s disease did not perform significantly differ-
ently from the patients treated for NFA. They were more 
likely to achieve memory scores commensurate with their 
FSIQ. This result is counter to the current literature12,13, 29,32 

and may be a result of the lower number of men in the 
patient group with Cushing’s disease.

Furthermore, when the correlation between memory 
scores and hormone levels was examined, SHBG nega-
tively correlated with memory abilities. Due to a trend 
toward a further negative correlation between SHBG and 
FSIQ, the memory discrepancy scores were not correlated 
with SHBG. This means that higher SHGB is associated 
with lower bioavailability of testosterone, lower memory 
scores, and potentially lower general intellectual function-
ing. This correlation was not replicated with measures of 
testosterone.

Until recent years, few studies have examined the rela-
tionship between SHBG and cognition; instead, they more 
frequently explore the relationship between free testoster-
one and cognition, without reference to its bioavailability. 
However, studies that have examined the relationship be-
tween SHBG and cognition have found a fairly consistent 
negative relationship between memory and SHBG, both 
in large-scale population-based studies and smaller stud-
ies.2,7,11,31 The strongest correlations between SHBG and 
cognition are found in studies of dementia, where SHBG 
has been associated with an increased likelihood of devel-
oping Alzheimer’s dementia and poorer cognitive scores 
in both men and women.17,20,25,37 Levels of SHBG have 
been linked to changes in the brain in men as they age.10 
However, while SHBG negatively correlated with all the 
main measures of memory in the present study, this result 
must be interpreted with caution. A correlation between 
SHBG and memory was not found in the previous United 
Kingdom study, despite the sex difference found (A. Tooze, 
personal communication, 2018), and so this finding will 
need to be replicated before any causality can be inferred. 
Finally, the positive correlation between free T4 and work-
ing memory has been found elsewhere and is thought to be 
related to the frontoparietal network.30,39

There are several potential reasons patients with pitu-
itary adenoma can experience cognitive dysfunction; prin-
cipally, these are mass effect of tumor, treatment, hormone 
dysfunction, and/or nonorganic reasons such as health 
anxiety. This study supports the hypothesis that hormone 
dysfunction is the principal cause of cognitive deficits 
found. We did not find a correlation between cognitive 
abilities and tumor size, either at diagnosis or at the time of 
assessment, thus refuting the hypothesis that mass effect is 
deleterious to cognition. Secondly, we did not find a differ-
ence between the small number of patients treated without 
surgery, those treated with surgery, and those treated with 
both surgery and GKRS, suggesting that treatment itself 
is not a primary cause of cognitive change, although the 
small number of patients treated without surgery means 
that this result must be handled with caution. Thirdly, 
given that all patients were at least 6 months posttreat-
ment and that most were several years posttreatment, they 
would be expected to have had sufficient time to come to 
terms with their diagnosis and treatment. Thus, it would be 
unlikely that large numbers of these patients would dem-
onstrate cognitive impairment due to health anxiety so 
long after diagnosis and treatment. Finally, the correlation 
between SHBG and memory abilities, potentially resulting 
in the sex difference found, would suggest hormone dys-
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function as the most likely reason for these results. These 
results suggest that, when counseling patients, clinicians 
should take concerns about cognition seriously, especially 
as there can be marked variability in acquired dysfunc-
tion within this patient group. However, clinicians should 
also feel confident in reassuring patients that treatment 
does not, on average, appear to significantly worsen any 
existing cognitive decline. Notably, this study highlights 
the importance of the endocrinologist within the clinical 
team.

Further studies assessing cognitive changes in this 
patient group are still needed. There are some flaws and 
omissions in the previous literature, potentially contribut-
ing to the variance in results reported. Differing control 
groups have been used across studies. Some have used 
a small control group of neurologically intact individu-
als,15,16,26,27 whereas others have compared their cohort to 
a group of patients with a different chronic condition.8,14,21 
Few studies have compared patient groups to standardized 
test norms.4,15,24 Most studies have used limited compari-
sons of absolute impairment (i.e., patient performance on 
tasks of memory). This method can be insensitive as with-
in-group variation is likely to be substantial in comparison 
to the between-group variation attributable to treatment 
effects. The current study has highlighted the importance 
of using sensitive measures of relative impairment when 
assessing this patient group to capture potential acquired 
deficits, especially in patients with above-average intelli-
gence. The higher premorbid cognitive baseline of these 
patients can mask subtle acquired deficits. Our study is 
cross-sectional, and future longitudinal studies perform-
ing cognitive testing before and after treatment would be 
advantageous. Analysis of potential sex differences and 
whether SHBG has a role in acquired deficits in this pa-
tient group would also be welcomed.

Conclusions
Functioning and nonfunctioning pituitary adenoma 

patients often demonstrate some degree of impairment in 
anterograde memory; however, GKRS did not lead to de-
monstrable effects regarding immediate or delayed mem-
ory for pituitary adenoma patients. The assessment of cog-
nitive function of pituitary adenoma patients is important 
in their longitudinal care.
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