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ABSTRACT

Acromegaly is a syndrome, that results from excessive pituitary growth hormone (GH) secretion, leading to
increased insulin-like growth factor-1 (IGF-1) production, usually due to a pituitary adenoma. Acromegaly often
leads to disruptions in hormone levels, including testosterone. Blood testosterone levels are crucial in assessing
hypogonadism in these patients moreover; the diabetes may further complicate this imbalance. 120 samples were
enrolled in this study (Acromegalic male and healthy control) aged from 30 to 60 years old, collected and grouped
into three groups, the first 40 patients were with diabetes, and the other 40 patients were without diabetes. At the
same time, the healthy controls were 40 participants. GH, IGF-1, FBS, and testosterone levels were measured for
all study groups. Results showed significant differences between acromegaly patients and control in the study
parameters, p-value (< 0.05). While, between diabetic and non-diabetic acromegaly only testosterone levels show
significant differences (p-value=0.000). As a conclusion, high GH and IGF-1 levels disrupt the HPG axis, leading
to hypogonadism and lower testosterone levels, which are linked to erectile dysfunction. Additionally,
testosterone levels were significantly lower in acromegaly patients with diabetes compared to non-diabetic
acromegaly patients, highlighting the negative impact of diabetes on testosterone production. These hormonal
disruptions contribute to common symptoms like reduced libido and fatigue in affected men.
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1. INTRODUCTION result in elevated blood glucose levels, which, over time,

Diabetes mellitus (DM) is a metabolic disorder
characterized by high blood glucose levels due to
insufficient insulin (total or relative lack) along with
insulin resistance, cell dysfunction, or both.!! One of the
diseases with the fastest rate of growth in the world is
diabetes. Diabetic patients face severe macrovascular
consequences such as heart disease as well as
microvascular issues such as diabetic kidney disease,
diabetic retinopathy, and neuropathy, which can result in
increased mortality, kidney failure, blindness, and a
lower overall quality of life.” In acromegaly, elevated
GH levels lead to increased secretion of IGF-1, both of
which contribute to insulin resistance and the
development of diabetes. GH directly interferes with
insulin signaling in muscles and adipose tissue, reducing
insulin  sensitivity. Although IGF-1 exhibits some
insulin-like effects, it can also reduce insulin
effectiveness in peripheral tissues and promote increased
glucose production in the liver. Together, these factors

overwhelm the pancreas's ability to secrete sufficient
insulin, leading to the development of insulin resistance
and, in many cases, diabetes in acromegaly patients.*!

Acromegaly is a rare systemic disorder, with an
incidence of 5.3 per million person-years and a
prevalence of 83 cases per million individuals, typically
caused by GH-secreting pituitary adenoma.l”” Chronic
GH hypersecretion leads to elevated levels of insulin-like
growth factor 1 (IGF-1), which in turn contributes to
widespread  physiological  dysfunction, including
abnormal somatic growth, physical disfigurement, and
multiple comorbidities. This condition is also associated
with increased mortality®®  primarily due to
cardiovascular issues (such as hypertension and heart
failure), cerebrovascular events (including stroke), and
respiratory complications (such as obstructive sleep
apnea). Furthermore, research has indicated a higher
prevalence of malignancies, osteoarthritic changes, and
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various endocrinological and metabolic disorders in
individuals with acromegaly.™*”!

Hypogonadism is a common dysfunction present in
patients with acromegaly, and it affects 30% to 50% of
individuals with acromegaly.™ It is "the insufficiency of
the gonads to produce sex hormones". The possible
mechanisms  underlying  the  hypogonadism in
acromegaly include the mass effect from the pituitary
gland or stalk compression, as well as elevated levels of
prolactin (hyperprolactinemia).™*?

In acromegaly male patients that diagnosed with
hypogonadism, it is common to observe impaired
testicular function, abnormal sperm production, and low
testosterone levels in blood. These hormonal imbalances
contribute to male infertility, an elevated body mass
index (BMI), decreased physical strength, reduced libido,
and the absence of morning erections. Blood testosterone
levels are crucial in assessing hypogonadism in these
patients!****] as low testosterone is considered a great
indicator, also a contributing factor to this condition.

Transsphenoidal surgery (TSR) is the main treatment for
most cases of acromegaly, with remission rates of 80-90
% for microadenomas and 40-50 % for
macroadenomas.'® A recent study indicate that
hypopituitarism is a frequent complication following
pituitary adenomas surgery, affecting up to one-third of
patients within months after the operation.™*”

Yet few studies have evaluated the testosterone levels in
acromegaly males after the restriction surgery of the
pituitary adenoma. This research aimed to screen the
testosterone levels in postoperative acromegaly patients,
both those with and without diabetes, to evaluate the
potential effects of surgical treatment on hormonal
balance. As acromegaly often leads to disruptions in
hormone levels, including testosterone, moreover,
diabetes may further complicate this imbalance. By
assessing testosterone levels after surgery, clinicians can
determine if testosterone deficiency or abnormalities
persist, which may influence recovery, sexual health, and
overall well-being.

2. MATERIALS AND METHODS

2.1. Patients

120 samples enrolled in this study (Acromegalic male
patients and healthy control) were collected (from
August to November 2024) at the National Diabetes
Center, Mustansiriyah University. All of the acromegaly
patients have been already diagnosed by the physicians,
first by magnetic resonance imaging (MRI) to detect
(Pituitary Adenoma) and other biochemical tests,
including elevated serum IGF-1 and absence of GH
suppression after glucose administration. They were
grouped into three groups, 40 diabetic acromegaly
patients, and 40 non-diabetic acromegaly patients. While
the healthy controls were 40 participants. The age range
was from 30 to 60 years old. All of the diabetic patients

have been diagnosed by the physicians (HbAlc > 6.8).
All of the Acromegaly patients after surgical operation
(by endoscopic transsphenoidal approach), were given
Lanreotide injection (90 or 120 mg) intramuscular
treatment according to their clinical status. So patients
were selected randomly according to their prespecified
appointment.

2.2. METHODS

Eight milliliters of complete blood were collected
utilizing a disposable plastic needle and recognized in a
disposable gel tube. The sample selections were
centrifuged for 7 minutes at 3000 rpm to reach blood
serum for laboratory examinations. Body mass index was
calculated operating the formula BMI = weight
(kg)/height® (m?). GH and IGF-1 were tested by a
DiaSorin analyzer device (Elecsys hGH kit-Germany)
(Elecsys IGF-1 kit-Germany), respectively. Fasting
Blood Sugar (FBS) was experimented with by Cobas C1-
11 Devise (Gluc2 kit). Testosterone levels were tested by
using (Cobas e411) Device (Cobas Testosterone kit
(Total) Switzerland).

3. Ethical Approval

Before the commencement of this trial, all patients
provided their written and dated consent for their
participation. Furthermore, this study received ethical
approval from the ethics committee of the National
Diabetes Center at Mustansiriyah University in
(September 2024), Ensuring adherence to the guidelines
set forth in the 1964 Declaration of Helsinki, along with
any subsequent revisions or similar ethical standards.

4. Statistical Analysis

Statistical data were analyzed using the Statistical
Package for the Social Sciences (SPSS) version 26.0
(SPSS Inc, Chicago, IL, USA) software program. For
evaluating the significance levels between the three
groups in this study Kruskal-Wallis H test was used,
while the Mann-Whitney U test was used to evaluate the
level of significance between the two group's patients
and control. Results are presented as median, minimum,
and maximum. Spearman test was used for correlation.
When the p-value less than 0.05 the result was
considered statistically significant.

5. RESULTS

In this study, Anthropometric measurements showed
significant differences among the acromegaly and
healthy control groups (p-value < 0.05) as shown in
Table 1.
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Table 1: Parameters levels between patients and Control.

Parameters . Contr_ol _Patients p-Value
Median (Min-Max) Median (Min-Max)

Testosterone 430 (288-602) 277 (18-516) 0.000
(ng/ml)

FBS (mg/dL) 98 (84-105) 116 (80-384) 0.000
GH (ng/ml) 0.66 (0.2-1.6) 3.1 (0.5-50) 0.000
IGF-1 (ng/ml) 268 (190-380) 477 (150-1600) 0.000
BMI 29.9 (22.7-35.9) 30.1 (21.7-44.3) 0.550

In more detail and as shown in (Table 2, and Table 3), there is a reduction in testosterone levels between all of the

study groups and it is a significant difference (p-value = 0.000).

Table 2: Significance difference between control, Non-DM acromegaly, and DM acromegaly patients.
Non-DM
Metabolite me diacno(rlclzﬁl-Max) Acromegaly ng?aﬁiﬁméﬁgo p-Value
median (Min-Max)
Z]eg/trfl;em”e 430 (288-602) 353 (150-516) 192 (18-386) 0.000
FBS (mg/dL) 98 (84-105) 102.5 (80-115) 161.5 (117-384) 0.000
GH (ng/ml) 0.66 (0.2-1.6) 2.45 (0.5-11.4) 3.45 (1-50) 0.000
IGF-1 (ng/ml) 268 (190-380) 441.5 (150-1600) 520.5 (145-1590) 0.000
BMI 29.9 (22.7-35.9) 29.3 (23.6-43.6) 30.1 (21.7-44.3) 0.221
Table 3: Parameters levels between Acromegaly sub-group.
Parameters Non-DM Acromegaly DM Acromegaly Value
median (Min-Max) median (Min-Max) P
Testosterone 353 (150-516) 192 (18-386) 0.000
(ng/ml)
FBS (mg/dL) 102.5 (80-115) 161.5 (117-384) 0.000
GH (ng/ml) 2.45 (0.5-11.4) 3.45 (1-50) 0.190
IGF-1 (ng/ml) 441.5 (150-1600) 520.5 (145-1590) 0.028
BMI 29.3 (23.6-43.6) 30.1 (21.7-44.3) 0.105
Table 4: Correlation results between study parameters.
Testosterone FBS GH IGF-1 BMI Weight Height
Correlation - . o o
Testosterone Coefficient 1.000 -.650 -.545 -.305 -0.141 -.235 -0.070
Sig. (2- 0.000 | 0000 | 0001 | 0126 | 0010 | 0.445
tailed)
N 120 120 120 120 120 120 120
FBS Correlation | _g5g~ | 1000 | 5417 | 518" | 0159 | 3137 | 180"
Coefficient
Sig. (2- 0.000 0.000 0.000 0.083 | 0.000 0.049
tailed)
N 120 120 120 120 120 120 120
Correlation wox wox o - ot
GH Coefficient -.545 541 1.000 757 0.157 315 .249
Sig. (2- 0.000 0.000 0.000 0.087 | 0.000 0.006
tailed)
N 120 120 120 120 120 120 120
Correlation - wox - o *
IGF-1 Coefficient -.305 518 757 1.000 0.150 313 210
Sig. (2- 0.001 0.000 | 0.000 0101 | 0000 | 0.021
tailed)
N 120 120 120 120 120 120 120
BMI Correlation | g 149 0159 | 0157 | 0150 | 1000 | .756" | -212"
Coefficient
Sig. (2-
: 0.126 0.083 0.087 0.101 0.000 0.020
tailed)
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N 120 120 120 120 120 120 120
. Correlation o o o o wx o
Weight Coefficient -.235 313 315 313 .756 1.000 407
Sig. (2- 0.010 0.000 | 0000 | 0000 | 0.000 0.000
tailed)
N 120 120 120 120 120 120 120
. Correlation * o R R o
Height Coefficient -0.070 .180 .249 210 =212 407 1.000
Sig. (2-
. 0.445 0.049 0.006 0.021 0.020 0.000
tailed)
N 120 120 120 120 120 120 120

6. DISCUSSION

The median of BMI in acromegaly patients was
(Median= 30.1), placing them in overweight category.!*®!
This could be attributed to the lipolytic effects of GH and
IGF-1, which promote the release of free fatty acids, as
well as the insulin resistance that is commonly observed
in these patients, leading to elevated blood glucose
levelst™ Table 1. Also, the random GH levels (Median=
3.1) and IGF-1 levels (Median=477) in male patients
with acromegaly were higher than in the normal
population Table 1.

Hypogonadism is another factor that connects
acromegaly to erectile dysfunction, but the metabolic
complications associated with acromegaly, along with
the potential direct effects of GH, likely play a role in
development of this disorder.”! Increased levels of GH
and IGF-1 caused by growth hormone-secreting pituitary
adenomas can interfere with the hypothalamic-pituitary-
gonadal (HPG) axis, leading to hypogonadotropic
hypogonadism. This disruption occurs by interfering
with the normal pulsatile release of gonadotropin-
releasing hormone (GnRH) from the hypothalamus,
which subsequently leads to a decrease in the secretion
of luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) from the pituitary gland. Persistent
elevation of GH and IGF-1 can also diminish the
pituitary's responsiveness to GnRH and directly impair
gonadotropin  release, ultimately  resulting in
hypogonadism, with clinical manifestations such as
infertility and reduced libido.

Moreover, Testosterone levels show an obvious
reduction between healthy control men and acromegaly
men (Median = 430, Median= 277) respectively Table 1.

In their 2020 study, Rie Nishio et al.’? found that excess
GH was the primary factor contributing to hypogonadism
in male acromegaly patients, while the total blood
testosterone level showed the strongest correlation with
GH in these patients. This goes along with our findings,
see the correlation between GH and Testosterone levels
in Table 4.

Older studies about age-related changes, obesity, and
disease duration in men on testosterone levels show no
significant  differences®??, therefore, we did not
consider it in our study.

As reported by Alexopoulou et al., in 2014 glucose
metabolism disorders are more common acromegaly
patients compared to the general population, even when
accounting for those at higher risk of developing diabetes
due to prolonged exposure to elevated levels of GH and
IGF-1. We measured the testosterone levels in male
patients (acromegaly) with diabetes to evaluate the
relation, and our finding revealed that testosterone levels
are greatly lowered in acromegaly patients with diabetes
(Median= 192) as compared to non-diabetic acromegaly
men (Median=353) p-value= 0.000, Table 3.

Men with diabetes mellitus (DM) often have low
testosterone levels due to several factors related to the
disease and its metabolic effects. DM can disrupt the
hormonal axis, leading to lower levels of sex hormone-
binding globulin  (SHBG), which increases the
availability of free testosterone but may also result in a
dysfunctional balance of hormones. Also, chronic
hyperglycemia can lead to increased inflammation,
oxidative stress, and changes in the hypothalamic-
pituitary-gonadal (HPG) axis, impairing testosterone
production. Additionally, obesity—common in men with
diabetes and Acromegaly—Ieads to increased aromatase
activity in adipose tissue, which converts testosterone
into estrogen, further lowering testosterone levels.
Finally, diabetic complications such as peripheral
neuropathy, poor circulation, and increased prolactin
levels can also negatively affect testicular function and
the production of testosterone. As a result, low
testosterone is relatively common in men with diabetes,
contributing to symptoms like fatigue, reduced libido,
and erectile dysfunction.

7. CONCLUSION

The study found that acromegaly patients have higher
BMI, GH, and IGF-1 levels, which contribute to insulin
resistance and metabolic problems. Elevated GH and
IGF-1 disrupt the HPG axis, leading to hypogonadism
and lower testosterone levels, which are linked to erectile
dysfunction. Additionally, testosterone levels were
significantly lower in acromegaly patients with diabetes
compared to non-diabetic acromegaly patients,
highlighting the negative impact of diabetes on
testosterone production. These hormonal disruptions
contribute to common symptoms like reduced libido and
fatigue in affected men.
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8. RECOMMENDATIONS

We recommend measuring total testosterone, sex-
hormone binding Globulin (SHBG), and prolactin to
assess gonadal function in men with acromegaly at the
time of diagnosis, prior to treatment, after surgery, and
annually thereafter. This will help determine whether
recovery from acromegaly increasing the likelihood of
recovery from low testosterone levels.
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