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Abstract

Objective Acromegaly reduces quality of life. Neurosteroids can impact neuropsychological status and anxiety, but their
effects on anxiety in acromegaly cases and quality of life are unclear. This study aims to evaluate the relationship between
neurosteroids, anxiety, and quality of life in acromegaly patients.

Design This study included 33 cases in the acromegaly group (AG) and 30 healthy subjects in the control group (CG).
Beck Anxiety Inventory (BAI) and Short Form-36 (SF-36) were used to assess anxiety levels and Quality of Life (QoL),
respectively. The research assessed how anxiety and quality of life scores correlate with the concentrations of growth hor-
mone, IGF-1, and specific neurosteroids (Allopregnanolone (AP), pregnenolone (PRG), 24S-hydroxycholesterol (240HC),
dehydroepiandrosterone (DHEA), dehydroepiandrosterone sulfate (DHEAS), androsterone (ADT)).

Results AG had significantly higher BAI scores in comparison to CG. The SF-36 subdomain scores of general health, physi-
cal functioning, role limitations due to physical health, energy/fatigue, emotional well-being, social functioning, and pain
were significantly lower in the AG.

Conclusion Neurosteroids may affect the quality of life and be associated with depression and anxiety levels in acromegaly.

Keywords Neurosteroids - Quality of life - Anxiety - Acromegaly

1 Introduction the interplay of systemic diseases, multisystem health chal-
lenges, and fluctuations in mood states. [1, 2].

Previous studies showed increased anxiety levels in cases
with pituitary adenoma, including those with acromegaly.

However, the anxiety level of cases with acromegaly did not

Acromegaly is a medical condition characterized by an
overproduction of growth hormone (GH), typically result-
ing from a pituitary adenoma that secretes GH. It pertains to
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differ from cases with other pituitary adenomas [3, 4]. Ele-
vated anxiety levels may reflect a diminished quality of life
(QoL) in individuals with acromegaly, and research indicates
that fluctuations in mood and reduced QoL in this condition
do not correlate with hormone concentrations [5-7].

Neurosteroids (NS) are a group of hormones that can
affect neuropsychological status, and their levels are associ-
ated with anxiety [1, 8, 9]. Allopregnanolone, an NS, is an
allosteric modulator of the GABA type A receptor, and anxi-
ety may be related to reduced endogenous allopregnanolone
synthesis [10]. Many studies stated positive and negative
relations between NS and anxiety, including pregnenolone
sulfate, dehydroepiandrosterone, and dehydroepiandroster-
one sulfate [9] Also, QoL was related to the NS levels [11].

Previously, we have shown the impact of NS on depres-
sion and cognitive functions in cases with acromegaly for
the first time [1]. While the effect of NS on anxiety, in gen-
eral, has been studied before, whether they affect anxiety and
QoL in individuals with acromegaly or not may need more
focus. In this sequel study, we aimed to evaluate and discuss
the possible relationship between anxiety, QoL, and NS in
cases with acromegaly.

2 Material and Methods

In this comparative cross-sectional study, 63 participants
who were informed about the study volunteered to partici-
pate, and all provided sufficient data. Thirty-three cases with
acromegaly composed acromegaly group (AG) and thirty
age, gender, and education-matched healthy subjects. Indi-
viduals with a history of stroke, those with a current or past
diagnosis of any psychiatric disorder, and those with psychi-
atric treatment were excluded. Also, individuals on steroid
therapy were excluded, except in one case with acromegaly,
who had pituitary hypocortisolism and was on physiologic
replacement doses of glucocorticoid. Of the 33 cases, 26
individuals had previously transsphenoidal surgery. Among
the remaining cases, three were on Octreotide-LAR (20 pg)
treatment, two were receiving 60 pg of Lanreotide, 1 was
on 90 pg of Lanreotide, and three were receiving 120 pg of
Lanreotide. Additionally, 2 cases were being treated with
cabergoline, and eight individuals received radiotherapy,
specifically Gamma-knife treatment. Five patients experi-
enced hypopituitarism and were under replacement therapy.
A total of 22 cases were in remission at the time of the study.
Regarding comorbidities, three individuals had diabetes, 1
had hypertension, and 3 had diabetes and hypertension. The
Ethics Committee of Istanbul Training and Research Hos-
pital approved the study protocol. All the subjects read and
signed the informed consent forms before enrolling in the
study.

2.1 Psychological Assessment

Beck Anxiety Inventory (BAI) is a self-report measure of
anxiety with 21 items. The sum of the scores was used
to evaluate the presence and severity of anxiety [12, 13].

36-Item Short Form Survey (SF-36) was used to evalu-
ate health-related QoL (HRQoL). Questions about the per-
ceptions of the cases on health-related concepts, including
physical functioning, bodily pain, role limitations due to
physical health problems, role limitations due to emotional
problems, emotional well-being, social functioning, vital-
ity (energy/fatigue), and general health are included in the
survey [14, 15].

As we previously depicted, the median scores on Beck
Depression Inventory (BDI) were higher in AG [16 [IQR:
9.5-22.5]] than in CG [3 [IQR: 1-9.3]] (p<0.001) [1].

2.2 Laboratory Evaluation

Individuals with IGF-I levels that align with the age and
gender-adjusted standards, and who recorded a nadir GH
of less than 1 ng/mL during the oral glucose tolerance
evaluation, were recognized as having their acromegaly
adequately controlled. Serum levels of allopregnanolone
(AP), pregnenolone (PRG), 24S-hydroxycholesterol
(240HC), dehydroepiandrosterone (DHEA), dehydroepi-
androsterone sulfate (DHEAS), androsterone (ADT) were
used to correlate with the scores on anxiety and QoL. Our
earlier publication outlined the techniques employed in the
laboratory analysis [1].

2.3 Statistics

The data were analyzed with the Jamovi version 2.3.19.0
(30). The Chi-square test was used for categorical vari-
ables. Sample distribution was evaluated with the Kol-
mogorov—Smirnov test. Continuous variables with nor-
mal distribution were compared by using the Student’s
test. Continuous variables with non-normal distributions
were compared by using the Mann—Whitney U test. Pear-
son’s correlation coefficient was used for the calculation of
associations between variables. p values under 0.05 were
considered statistically significant. Possible relationships
between some scales were examined by a mediation analy-
sis model based on correlation analyses. Mediation analy-
sis of the model was performed with the JAMM module
on Jamovi [16] with Bootstrapping. The bootstrapping
method was chosen to robustly evaluate the mediators’
effects to reduce type 1 errors and to check for possible
mediator effects of depression. The assessment of mediator
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variables utilized 1000 bootstrap samples for statistical
analysis. The statistical significance of the variables was
assessed with a confidence interval of 95% employed for
determining significance (Fig. 1, 2).

3 Results

The mean age was 47.8+11.8 years in AG and
45.4+11.7 years in CG (p=0.5). The female/male ratio was
23/10 in AG and 22/8 in CG (p=0.8).

3.1 Laboratory Evaluation

Cases of acromegaly had higher levels of GH and IGF-1
(p=0.02 and p=0.04, respectively) and lower levels of
240HC and DHEA (p=0.002 and p=0.007, respectively)
compared to the control group. Levels of GH, IGF1, and NS
are presented in Table 1.

3.2 Psychological Assessment

The median BAI scores were significantly higher in AG
than in CG (p<0.001) (Table 2). The scores on BAI
were not correlated with GH, IGF-1, or disease duration
(p=0.63, p=0.90, p=0.35). The levels of anxiety experi-
enced by individuals with acromegaly showed no signifi-
cant variation when considering the presence or absence of
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Fig.2 Correlation matrix for relation of DHEAS with the scores on
vitality

hypopituitarism, the type of medical interventions received,
the administration of radiotherapy, or the existence of other
comorbid conditions (p=0.71, p=0.74, p=0.28, p=0.52).

The subdomain scores of the SF-36 associated with gen-

° eral health, physical capabilities, role restrictions stemming
from physical health, energy levels and fatigue, emotional
wellness, social interactions, and pain were significantly

15 o diminished in the AG relative to the CG (p <0.001). There
Table 1 GH, IGF-1 and neurosteroid levels of the two groups
Acromegaly Control group P
10 - (n=33) (n=30)
GH (ng/ml) 0.5[0.137-1.69] 0.09 [107-130] 0.02%*
IGF-1 (ng/ml) 151 [113-278] 115.9 [0.0600— 0.04*
0.180]
ADT (ng/ml) 17.4[6.71-27.4] 16.1 [1.92-19.1] 0.174
5 = AP (ng/ml) 31.6 [9.95-67.4] 22.2 [5.54-32.4] 0.181
OHC24 (ng/ml) 8.7 [6.82-15.6] 44.3 [20.2-131] 0.002*
¢ PRG (ng/ml)  5.32[4.56-5.78]  5.06[4.56-5.66]  0.540
DHEA (ng/ml)  6.37 [3.88-12.4] 9.48 [7.96-21.9] 0.007*
0 N DHEAS (ng/ml) 1.34 [0.590—4.64] 1.68 [0.980-2.36] 0.666
| 1 I

25 50 75

Fig. 1 Correlation matrix for relation of DHEA with the scores on
vitality
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Data was expressed as median and interquartile range

Statistically significant p values are shown in a bold format

IGF-1 insulin-like growth factor, ADT androsterone, AP allopregna-
nolone, DHEA dehydroepiandrosterone, DHEAS dehydroepiandros-
terone sulfate, PRG pregnenolone, 24-OHC 24-(S)hydroxycholesterol
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Table 2 Difference between Acromegaly group (n=33) Control group (n=30) P

the acromegaly and the control

groups for psychological BAI 9 [4.00-19.0] 2.5[0.00-5.75] <0.001

variables General Health 55 [35.0-70.0] 75 [65.0-80.0] <0.001
Physical functioning 70 [50.0-90.0] 100 [96.3-100] <0.001
Role limitations due to 25 [0.00-100] 100 [100-100] <0.001

physical health

Emotional problems 33.3 [0.00- 100] 100 [100-100] <0.001
Vitality 45 [30.0-60.0] 60 [55.0-65.0] 0.02

Emotional well-being
Social functioning

Bodily pain

60 [48.0-72.0]
50 [37.5-75.0]
55[32.5-75.5]

64 [57.0-72.0] 0.3
93.8 [71.3-100] <0.001
100 [77.5-100] <0.001

The results are presented as median and interquartile range

BAI beck anxiety inventory

p-values in bold were statistically significant

was no statistically significant difference between AG and
CG for emotional well-being (p=0.3). Detailed data is
presented in Table 2. Again, none of the domain scores of
SF-36 differed between the cases with acromegaly when
they were stratified by presence and absence of remission,
radiotherapy, hypopituitarism, additional comorbidities, and
medical therapy (data not shown here).

Statistically significant positive correlations were calcu-
lated between BDI and BAI scores (r=0.6, p<0.001). There
was a negative correlation between BAI and SF-36 domain
scores of vitality, social functioning, emotional well-being,
and general health (r=— 0.4, p=0.010; r=— 0.4, p=0.008;
r=— 0.4, p=0.017, and r=- 0.4, p=0.008). The SF-36
domains of emotional well-being, vitality, social function-
ing, and general health were also negatively correlated with
the scores on BDI (r=—- 0.5, p<0.001 r=— 0.6, p<0.625;
r=—0.5,p<0.001;r=- 0.5, p<0.01).

According to correlation analysis, a model evaluat-
ing the mediator role of depression levels in the effect

of anxiety on subscales of SF-36 was developed. In cor-
relation analyses, general health, vitality, emotional well-
being, and social functioning have significant relations
with BDI and BAI scores (p <0.05). These results stated
that each health in general, vitality, emotional well-being,
and social functioning could be the dependent variable for
different mediation models. Anxiety was selected as the
predictor, and depression level was chosen as the media-
tor for all four mediation models. The mediation analysis
stated that depression may have a mediating role in the
relationship between general health, vitality, social func-
tioning, and anxiety (p <0.05). However, depression did
not show a mediating effect in this relationship between
emotional well-being and anxiety (p > 0.05).

The BAI scores in both groups did not correlate with
any neurosteroid levels (Data not shown here). In AG, of
the SF-36 domains, the scores on vitality were negatively
correlated with DHEA (r=- 0.4, p=0.014) and DHEAS
levels (r=— 0.4, p=0.02). The correlation of NSs with
SF-36 subdomains in each group is summarized in Table 3.

Table 3 Correlations of the neurosteroid levels with the scores on depression and SF-36 subdomains in each group

Acromegaly (n=33)

Control group (n=30)

e DHEA

Vitality (r=— 0.465, p=0.014)**
Emotional well-being (r=— 0.3, p=0.05)*
General health (r=- 0.3, p=0.08)*
¢ DHEAS

Vitality (r=— 0.443, p=0.02)**

General health (r=— 0.3, p=0.06)*

o ADT

Physical functioning (r=— 0.5, p=0.015)**
Role limitations due to physical health problems (r=— 0.5, p=0.02)**

e 240HC

Role limitations due to physical health problems (r=0.4, p=0.04)**

¢ PRG

Social functioning (r=0.3, p=0.078)*

*Tendency

**Statistically significant

ADT androsterone, AP Allopregnanolone, DHEA dehydroepiandrosterone, DHEAS
dehydroepiandrosterone sulfate, PRG pregnenolone, 240OHC 24(S)-Hydroxycholesterol
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4 Discussion

This study found elevated anxiety levels in individuals
with acromegaly, suggesting a heightened prevalence of
mood and anxiety disturbances relative to the general
population. The scores of depression and anxiety were
interrelated. Also, scores on subdomains of SF-36 were
lower, meaning the quality of life may also be disturbed in
acromegaly. As depression levels rose, numerous subdo-
main scores related to quality of life experienced a decline.
Additionally, heightened anxiety corresponded with reduc-
tions in specific domains of quality of life in cases with
acromegaly. Furthermore, individuals in the acromegaly
cohort exhibited a decline in vitality scores, which assess
overall energy and fatigue, as levels of DHEA and DHEAS
increased.

Increased anxiety in acromegaly is a controversial topic
since some argue in favor of increased anxiety levels in
acromegaly cases, whereas others argue against it [5, 7,
17-19]. In this cohort, cases with acromegaly had higher
scores on both depression and anxiety scores, meaning
depression and anxiety levels were higher in cases with
acromegaly compared to those in healthy controls. Neither
depression nor anxiety was related to actual hormone lev-
els, disease duration, remission status, medical treatment,
history of radiotherapy, and hypopituitarism. The find-
ings indicate that variables beyond those directly linked
to the disease may also contribute to heightened levels
of depressive mood and anxiety among these individuals.
In individuals diagnosed with acromegaly, there existed
a correlation between depression and anxiety, potentially
due to the influence of a mood disturbence on the patients’
anxiety levels. This study concluded that there was no dis-
cernible association between anxiety and the neurosteroids
we investigated in patients with acromegaly, although our
earlier work established a connection between DHEA lev-
els and depressive symptoms [20].

The condition of acromegaly influences not just emo-
tional states but also the QoL experienced by individuals
[5, 6, 21-23]. The impact of acromegaly on QoL may arise
from both the characteristics of the disease itself and the
accompanying mood-related challenges. Consistent with
earlier findings, this investigation revealed that all dimen-
sions of the SF-36, with the exception of emotional well-
being, exhibited diminished scores in individuals diag-
nosed with acromegaly. Lower scores in physical function
suggest a decline in physical activity capabilities, while
reduced pain scores indicate that those with acromegaly
may experience heightened pain sensitivity. Additionally,
decreased role limitation scores due to health issues imply
that these individuals may struggle with work and daily
life. Lower social functioning scores reflect disruptions

@ Springer

in social activities, while diminished vitality scores sug-
gest feelings of exhaustion. Lastly, lower general health
perception scores reveal a sense of hopelessness regarding
their overall health status. In this research, higher BDI
scores were linked to role limitations from emotional dif-
ficulties, as well as lower vitality, social functioning, and
general health scores, with additional negative correla-
tions observed between vitality, social functioning, and
BAI scores. The relationship between quality of life and
the presence of depression and anxiety in individuals with
acromegaly has been previously established [6, 24]. The
present research found a positive relationship between
BDI and BAI. This suggests that levels of depression and
anxiety may independently affect quality of life, or their
interconnectedness might lead to overlapping influences.
Therefore, we conducted a multiple regression analysis
that revealed depression as the key predictor of reduced
QoL in individuals with acromegaly. Additional analysis
demonstrated that depression plays a significant role in
influencing the connection between anxiety levels and
aspects such as general health, vitality, and social func-
tioning. The findings from both regression and mediation
analyses indicate that depression has a more substantial
impact on QoL —particularly in specific domains—com-
pared to anxiety.

The impact on quality of life may not be fully understood
through mood-related aspects alone. Might factors associ-
ated with the illness or its therapeutic interventions have
contributed to the outcome? Consistent with earlier find-
ings, our research similarly revealed no relationship between
SF-36 domain scores and factors such as remission status,
history of radiotherapy, hypopituitarism, comorbid condi-
tions, or medical interventions [5, 6, 24].

Subsequently, what additional factors could have
impacted the quality of life? In order to gain a deeper insight
into the fundamental pathophysiology, we investigated the
correlation between QoL metrics and NSs. In prior research,
we demonstrated that NS had a role in the depressive percep-
tion in cases with acromegaly [5, 6, 24]. This research fur-
ther revealed that both DHEA and DHEAS correlated with
diminished energy levels and negative perceptions of overall
health among individuals afflicted with acromegaly. Indeed,
DHEA has been recognized for its capacity to enhance both
emotional well-being and physical performance [25] In our
prior investigation, we demonstrated a link between DHEA
levels and depressive mood in acromegaly [25]. Addition-
ally, the detrimental influence of DHEA on the QoL in
patients suffering from acromegaly could also be attributed
to the factor of depression. In healthy individuals, various
NS exhibited associations with distinct domains of QoL. The
disparate hormonal dynamics between patients with acro-
megaly and their healthy counterparts may have resulted in
differing effects of NS.
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This research is subject to specific constraints, with the
primary limitation being its reliance on a cross-sectional
design. Secondly, the challenges associated with managing a
rare disease have constrained the size the sample population.

Lastly, NSs can be secreted and function locally.
The plasma levels may not reflect local NS concentrations.
A direct method of demonstrating local levels and autocrine
or paracrine actions of NSs in the CNS may be through tis-
sue samples. Additionally, regarding statistics, small sample
sizes can be added to the limitations for conducting media-
tion analysis. Additionally, employing ELISA as a method
of assessment may have introduced some constraints to a
certain extent.

In conclusion, there are specific alterations in the status of
mood and anxiety in cases with acromegaly. In acromegaly,
it is evident that depression, rather than anxiety, emerged
as a more influential factor in diminishing the overall QoL.
Changes in the NS balance due to acromegaly could poten-
tially influence these alterations.
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