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Abstract. Acromegaly is a chronic neuroendocrine disease caused by prolonged hypersecretion of growth
hormone and insulin-like growth factor-1 and leading to systemic soft tissue hypertrophy, while the condition
of the salivary glands has not been sufficiently explored. The purpose of the study was to compare the size of the
submandibular salivary glands according to ultrasound data in patients with active acromegaly and in healthy
individuals of comparable age and gender, and to identify clinical and biochemical factors associated with the
volume of the glands. A prospective comparative study included 27 patients with active acromegaly and 26
healthy volunteers. All underwent an ultrasound examination of the submandibular glands, measuring the length,
width, and thickness of each gland and calculating the volume. The age, duration of symptoms, index of insulin-
like growth factor-1, and presence of hyperprolactinaemia and echostructure of parenchyma were additionally
assessed in patients. In patients with acromegaly, the median volume of the right gland was higher than in healthy
subjects (10.0 versus 6.3 cm?), as was the volume of the left (8.8 versus 7.0 cm?; p<0.01 for both), with a significant
increase in length and width and no differences in thickness. Gland volume was negatively associated with age
and duration of symptoms, was higher in men, and tended to decrease in hyperprolactinaemia; male gender,
and duration of symptoms turned out to be independent predictors of volume. Acromegaly was accompanied by
marked hypertrophy of the submandibular salivary glands, mainly due to an increase in length and width, which
allows considering ultrasound evaluation of these glands as an additional non-invasive marker of the tissue
response in acromegaly

Keywords: submandibular salivary glands; ultrasound examination; salivary gland volume; insulin-like growth
factor-1; hyperprolactinaemia

Introcluction
Acromegaly is a chronic neuroendocrine disease caused  of the GH/IGF-1 axis [1-3]. Excessive secretion of GH/
by prolonged hypersecretion of growth hormone (GH) IGF-1 leads to progressive hypertrophy of soft tissues,
by pituitary adenoma, followed by anincreaseinthelev-  enlargement of internal organs and bone remodelling
el of insulin-like growth factor-1 (IGF-1) and activation  with the appearance of systemic complications [2,3].
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The disease is characterised by thickening of the soft
tissues of the face (rough features), enlargement of the
lower jaw (prognathism), expansion of the interdental
spaces and malocclusion, enlargement of the tongue
(macroglossia), enlargement of the hands and feet [4].
These changes develop gradually and often remain
unrecognised for many years, which causes a delay in
diagnosis by an average of 5-8 years from the onset of
the first symptoms [3]. Doctors of other specialities, in-
cluding dentists, can play an important role in the early
detection of acromegaly: cases of primary diagnosis of
the disease at a dental appointment due to progressive
malocclusion and an increase in interdental spaces are
described. According to the literature, up to a third of
acromegaly patients report dental complaints related
to maxillofacial changes and dental manifestations of
the disease for the first time [5]. Craniofacial changes in
acromegaly can be considered as morphological mark-
ers of the disease, complementing biochemical parame-
ters (levels of GH and IGF-1) [3]. Chronic hyperproduc-
tion of GH and IGF-1 causes not only bone-soft tissue
changes, but also generalised enlargement of internal
organs. Acromegaly is associated with cardiomegaly,
hepatosplenomegaly, nephromegaly, and thyroid hy-
perplasia [3,6]. The manifestations of organomegaly in
the head and neck include enlargement of the tongue
(macroglossia) [7] and enlargement of a number of
glandular organs. Retrospective data indicate that more
than half of patients with acromegaly have obstructive
sleep apnoea syndrome, the development of which is
facilitated by the growth of cranial bones and soft tis-
sues, including hypertrophy of the root of the tongue
and epiglottis [3]. These changes determine the contri-
bution of head and neck organomegaly to the clinical
picture of acromegaly. The issue of enlarged salivary
glands in acromegaly remains poorly understood.
Human salivary glands (parotid, submandibular, and
sublingual) belong to the large exocrine glands of the
head and neck. Their function is regulated by the au-
tonomic nervous system and depends on the influence
of systemic hormones and growth factors. It has been
shown that the size and secretory activity of salivary
glands can be influenced by sex hormones and oth-
er hormonal factors [8]. Prolactin binding is detected
in human salivary gland tissue, which indirectly con-
firms the hormonal sensitivity of this system [9]. In a
number of conditions, particularly Sjégren’s syndrome,
changes associated with prolactin-associated proteins
in the epithelial cells of the salivary glands have been
reported [10]. In addition to hormonal influences, lo-
cal factors can affect the salivary glands; in particular,
prolonged increased functional load (hypersalivation)
is theoretically capable of leading to compensatory en-
largement of the parenchyma.

The clinical significance of evaluating salivary
glands in acromegaly is related not only to the fact of
a possible increase in their size, but also to potential

functional consequences for the oral cavity and upper
respiratory tract. Changes in the tissues of the face
and neck in chronic hormonal hypersecretion can be
accompanied by subjective complaints that affect the
quality of life, and create additional difficulties in den-
tal treatment, including planning surgical interventions
and conducting anaesthesia. Simultaneously, an objec-
tive assessment of salivary glands in routine practice is
often limited to a clinical examination, which may not
be sensitive enough to moderate volume changes and
does not allow quantifying the dynamics. Ultrasound
is an accessible, non-invasive and repeatable imaging
method that allows evaluating both morphometric pa-
rameters and the overall echostructure of glandular tis-
sue. In this context, quantitative ultrasound assessment
of the submandibular salivary glands can be considered
as an additional tool for complex characterisation of tis-
sue manifestations of acromegaly and substantiation of
an interdisciplinary approach to patient management.
The purpose of the study was to evaluate the size of the
submandibular salivary glands in patients with active
acromegaly using ultrasound diagnostics and to deter-
mine clinical and laboratory factors affecting the vol-
ume of salivary glands.

Materials and Methods
A single-centre comparative study was conducted in
two groups: patients with acromegaly and conditional-
ly healthy individuals. Inclusion criteria: confirmed di-
agnosis of active acromegaly and age over 18 years. The
acromegaly group included 27 patients (10 men and 17
women) aged 27-62 years (median 44 (40-51) years).
The diagnosis of acromegaly was established based on
clinical manifestations and biochemical criteria and
was confirmed by pituitary neuroimaging data [6]. At
the time of inclusion, all patients retained the activity
of the disease: the IGF-1 level exceeded the age norm
by an average of 2.1 times, and the GH level during the
oral glucose tolerance test was 1.6-40 mcg/l (median
11 mcg/1). In 19 patients, acromegaly was detected for
the first time; in 8, the previously established diagnosis
was accompanied by insufficient compensation against
the background of ongoing therapy (IGF-1 remained
elevated). The duration of the disease (according to
patients, from the onset of the first symptoms) was a
median of 5 (3-9) years. Concomitant hyperprolacti-
naemia (a moderate increase in prolactin levels) was
detected in 9 patients (33%) and was associated with
mixed somatolactotrophic pituitary adenoma. The con-
trol group consisted of 26 conditionally healthy adults
(11 men and 15 women) without signs of endocrine pa-
thology and without complaints at the time of examina-
tion. Exclusion criteria: for both groups: the presence of
salivary gland disorders (tumours, Sjogren’s syndrome,
recurrent sialadenitis, etc.), a history of radiotherapy
to the head and neck, severe obesity, and serious sys-
temic conditions that make it difficult to perform an
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ultrasound scan. For patients with acromegaly, remis-
sion of the disease was an additional exclusion criterion.

Ultrasound examination was performed for all in-
cluded study participants (n=53) in the absence of con-
traindications and technical limitations. A GE LOGIQ P9
device and a linear sensor with a frequency of 7-12 MHz
were used; the patient was in a supine position with a
slight extension of the head. Scanning was performed in
the longitudinal and transverse planes. For each gland,
three linear dimensions were recorded — anteroposte-
rior, craniocaudal, and mediolateral - in centimetres.
Each size was recorded with two repeated measure-
ments, after which the average value was calculated for
statistical analysis. The volume was calculated using the
ellipsoid equation V= (length x width x thickness) x /6
with the result presented in cm?. For analytical tasks,
derived indicators were calculated, including the av-
erage volume, defined as the arithmetic mean of the
volumes of the right and left glands; this indicator was
used in correlation and regression analysis. The upper
conditional limit of the norm for the calculated volume
was defined as the maximum volume value in the con-
trol group. The echostructure was evaluated qualita-
tively and belonged to one of two categories: without
structural changes or with the presence of structural
changes; heterogeneity of the parenchyma and/or dif-
fuse or focal changes in echogenicity were considered a
sign of changes.

Statistical processing was performed using the
Statistica 13 package (TIBCO Software Inc.). Since the
distribution of most quantitative indicators was signif-
icantly different from normal (Shapiro-Wilk p <0.05),
non-parametric criteria were used. The Mann-Whit-
ney U-test and the accurate x? test were used to com-
pare the groups. To identify correlations, the Spear-
man coefficient (p) and the point-biserialcoefficient
r,, were calculated. The influence of several factors
on the volume of the salivary gland was analysed by
multiple linear regression. The data was presented as
a median and interquartile range (Q1-Q3). The critical

significance level - 0.05. For regression analysis, the
average volume of the submandibular glands (the
arithmetic mean of the volumes of the right and left
glands) was used as a dependent variable, since this
indicator reduces the influence of random asymmetry
and reflects the overall level of sialomegaly. Demo-
graphic and clinical and laboratory parameters were
considered as potential predictors, which were pre-se-
lected based on the pathophysiology of the disease and
its clinical significance. Categorical variables (for ex-
ample, gender and the presence of hyperprolactinae-
mia) were introduced into the model as binary indica-
tors. The regression results were evaluated based on
the coefficients of the model and the level of statistical
significance, interpreting the identified relationships
as associations rather than causal relationships. Addi-
tionally, the correctness of data entry and the presence
of omissions were monitored; in the absence of a val-
ue for a particular indicator, the corresponding obser-
vations were excluded from the analysis of a specific
relationship (pairwise exclusion), without removing
the patient from all calculations. The median and in-
terquartile range were used to describe the distribu-
tions, which is conditioned by the likely deviation of
many clinical and biochemical parameters from the
normal distribution in clinical samples. For compara-
bility of results between groups, a unified approach
to data presentation and a critical significance level of
p<0.05 were applied. All participants in the study gave
written informed consent to participate and publish
anonymised data. The study protocol was approved
by the local ethics committee of MONIKI and was con-
ducted in accordance with the Declaration of Helsinki.

Results
Characteristics of the examined groups and ultra-
sound parameters. Comparative data on age and ul-
trasound parameters of the submandibular salivary
glands in the acromegaly group and the control group
are presented in Table 1.

Table 1. Age and ultrasound parameters of submandibular salivary glands (median (IQR))

Indicator

Acromegaly (median (IQR))

Control (median (IQR))

Age, years

44 (40-51)

46 (43-55)

Length of the right gland, cm

3.90 (3.62-4.30)

3.60 (3.42-3.80)

Width of the right gland, cm

2.90 (2.20-3.02)

1.90 (1.71-2.10)

Thickness of the right gland, cm

1.69 (1.42-2.00)

1.85 (1.62-2.00)

Volume of the right gland, cm?

10.00 (5.90-12.35)

6.30 (5.70-7.20)

Length of the left gland, cm

3.90 (3.64-4.32)

3.60 (3.31-3.70)

Width of the left gland, cm

2.70 (2.39-3.05)

2.00 (1.90-2.12)

Thickness of the left gland, cm

1.70 (1.50-1.90)

1.87 (1.65-2.08)

Volume of the left gland, cm?®

8.80 (7.25-11.80)

6.98 (5.46-7.72)

Source: compiled by the authors

The size of salivary glands in patients with ac-
romegaly and in control. Ultrasound examination
confirmed an increase in the submandibular glands in

patients with acromegaly compared with the control
group (Fig. 1, Table 1). The volume of the right gland in
patients was 10.00 (5.90-12.35) cm?®, while in healthy
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individuals it was 6.30 (5.70-7.20) cm® (p < 0.0001). The
volume of the left gland in the acromegaly group (8.80
(7.25-11.80) cm?®) also exceeded the control values
(6.98 (5.46-7.72) cm? p=0.006). The total volume of the
two submandibular glands in a patient with acromegaly
was 18.8 (17.2-21.4) cm? versus 13.3 (11.7-14.8) cm?® in
the control group (the difference was ~41%). In 25 out
of 27 patients (93%), the volume of at least one gland
exceeded the upper limit, conventionally defined as the
maximum value in the control group. There was no sig-
nificant asymmetry between the right and left glands in
the control group (the median relative difference in vol-
ume was 4%; p=0.37). In the acromegaly group, volume
asymmetry >10% was detected in 8 patients (30%); the
predominance of the right or left gland was multidirec-
tional, and there was no statistically significant trend to-
wards lateralisation (p=0.65). The linear dimensions of
the submandibular glands in patients with acromegaly
were also larger. The length of the right gland was 3.90
(3.62-4.30) cm versus 3.60 (3.42-3.80) cm in the control
group, the width was 2.90 (2.20-3.02) cm versus 1.90
(1.71-2.10) cm; for the left gland, the length was 3.90
(3.64-4.32) cm versus 3.60 (3.31-3.70) width - 2.70
(2.39-3.05) cmversus 2.00 (1.90-2.12) cm. The thickness
of the glands in the groups was comparable (Table 1).
Thus, an increase in the volume of salivary glands in ac-
romegaly is mainly associated with an increase in length
and width while maintaining a comparable thickness.

Group
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< 175
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Figure 1. Comparison of the distribution of the
volume of the submandibular glands in patients with
acromegaly and in control individuals (span diagrams)

Source: compiled by the authors

The parenchyma of all the glands under study had
atypical fine-grained echostructure; no pathological in-
clusions (stones, cysts, nodes) were observed. In 21 out
of 27 patients (78%), the echogenicity of the salivary
gland was slightly reduced relative to the conditional
norm, in the rest it was isoechogenic; in the examined
control group, echogenicity was usually normal. An ex-
ample of an ultrasound image of the submandibular
glands in a patient with acromegaly (with echostruc-
tural changes) is shown in Figure 2.

Figure 2. Example of an ultrasound image of the
submandibular glands in a patient with acromegaly
(with echostructural changes)
Source: compiled by the authors

Factors associated with salivary gland volume
in acromegaly. The relationship between the size of the
salivary glands and the main clinical and biochemical
parameters in patients with acromegaly was evaluated.
In men, the volume of the mandibular glands was great-
er than in women: the total volume of the two mandib-
ular glands was 20.4 (19.3-22.0) cm? versus 16.8 (15.7-
18.5) cm?, respectively (difference ~21%; p =0.0005).
In the control group, there were practically no sex dif-
ferences in volume (13.9 cm?® in men and 12.8 cm?® in
women; p=0.12). The sexual and age-related features
of acromegaly are described in the literature [13]. Age
showed an inverse correlation with salivary gland vol-
ume (p=-0.46; p =0.015): younger patients had more
gland volume. A similar negative relationship was found
between the duration of acromegaly and gland volume
(p=-0.42; p=0.03). It has also been shown that in adult
patients with untreated acromegaly, the rate of unstim-
ulated salivation is higher than in healthy patients, but
it progressively decreases with increasing age. The
data obtained are consistent with this observation: in
younger patients, the volume of salivary glands is larg-
er, which may reflect a more pronounced trophic tissue
response to chronic excess of GH/IGF-1. The IGF-1 in-
dex (ratio to the upper limit of the age norm) ranged
from 1.2 to 5.7 (median 2.1), but there was no statis-
tically significant correlation between the IGF-1 index
and salivary gland volume (p=0.21; p=0.28). Similarly,
there was no relationship between GH levels and gland
volume (p=0.09; p=0.64).

The presence of moderate hyperprolactinaemia in
some patients allowed assessing its possible effect on
thesize ofthe salivary glands.In 9 patients with elevated
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prolactin levels, the volume of the submandibular
glands was slightly lower on average (9.0 cm®) com-
pared with patients without hyperprolactinaemia
(10.1 cm?®), but the difference did not reach statistical
significance (p = 0.09). Considering the data on hor-
monal sensitivity of the salivary glands [9,10], this
issue requires further study. For a comprehensive as-
sessment of the factors, a multiple linear regression
model was built, including gender, age, duration of
the disease, IGF-1 index and hyperprolactinaemia. In-
dependent predictors of salivary gland volume in ac-
romegaly were male gender (3 =+0.45; 95% CI: 0.12-
0.79; p=0.010) and shorter duration of the disease
(B=-0.39; 95% CI: -0.72...-0.06; p=0.028). According
to observations by L. Manetti et al,, even in patients
in biochemical remission after treatment, the volume
of the submandibular glands remains increased com-
pared to healthy ones [13].

For clarity, the results obtained can be summarised
in the form of several key observations. In patients
with acromegaly, compared with the control group, a
statistically significant increase in the individual linear
dimensions and estimated volume of the submandibu-
lar salivary glands was revealed, which confirmed the
presence of sialomegaly as one of the morphological
manifestations of the disease. In addition, the differ-
ences between the groups were more related to the
length and width of the glands, while the changes in
thickness were less pronounced, which may reflect an-
atomical limitations and the varying sensitivity of indi-
vidual measurements to tissue changes. A qualitative
assessment of the echostructure showed that structur-
al changes in the parenchyma were detected in some
patients, while in others the glands retained a homo-
geneous echocartin, which indicates a heterogeneity of
morphological changes even in the active form of the
disease. Correlation and regression analyses revealed
a relationship between the average gland volume and
a number of clinical characteristics, including gender
and duration of the disease, which allows identify-
ing factors potentially associated with the severity of
changes. Thus, the results are presented not only as in-
tergroup differences, but also as a set of relationships
between morphometric parameters and clinical and
biochemical characteristics, which creates the basis for
their clinical interpretation.

Discussion
The present study confirmed that acromegaly is ac-
companied by an enlargement of the submandibular
salivary glands. Against the background of a chronic
increase in growth hormone and insulin-like growth
factor-1, a generalised increase is formed not only in
the internal organs, but also in the exocrine glands of
the head and neck. Similar changes have been demon-
strated in relation to the lacrimal glands: in patients
with acromegaly, the volume of the lacrimal glands is

increased according to magnetic resonance imaging,
regardless of the status of the disease activity [12-14].
In the study by L. Manetti et al. [13], there were also
no differences in the size of the submandibular glands
between patients with active acromegaly, patients on
therapy with somatostatin analogues and patients
in surgical remission: in all subgroups, the volume of
glands remained elevated and differed mainly from the
control. Taken together, these observations suggest that
hypertrophy of the salivary (and lacrimal) glands devel-
ops in the early stages of the disease and may persist
for a long time, including after achieving biochemical
remission. Similar stability is characteristic of a num-
ber of bone changes: despite partial regression of soft
tissue manifestations after treatment of acromegaly,
many skeletal deformities (malocclusion, enlargement
of the lower jaw, hyperostosis) they persist even years
after normalisation of insulin-like growth factor-1.
From a practical standpoint, this means that enlarge-
ment of the salivary glands can be detected in patients
with acromegaly, regardless of the current status of the
disease activity. Data on the condition of the salivary
glands in acromegaly are limited. Rare clinical cases
of enlargement of the parotid glands in patients with
acromegaly have been described [11]. In a study using
magnetic resonance imaging of the orbits, it was shown
that in patients with acromegaly, the volume of lacrimal
glands is statistically higher than in healthy people and
positively correlates with IGF-1 levels [12]. These ob-
servations support the hypothesis of diffuse hypertro-
phy of the glandular organs of the head and neck with
a chronic excess of GH/IGF-1, although clinically such
changes may remain unnoticeable. Enlargement of the
salivary glands, in particular the submandibular glands,
is often difficult to assess on physical examination due
to their anatomical location. In this regard, an objective
assessment of the size of the salivary glands in patients
with acromegaly is of interest to clarify the spectrum
of morphological changes in this disease. L. Manetti et
al. [13] compared the volume of the submandibular sal-
ivary glands in patients with acromegaly and healthy
individuals using ultrasound imaging and showed that
in patients with acromegaly, the volume of the glands
is about 1.5-2 times higher than normal values. Simul-
taneously, the factors associated with the severity of
hypertrophy were not analysed in this study, and the
question of the relationship between the size of the
glands and the activity of acromegaly remained open.
Ultrasound is an accessible and informative meth-
od for evaluating large salivary glands. Ultrasound al-
lows measuring the linear dimensions and volume of
the parotid and submandibular glands, detecting struc-
tural changes (nodules, cysts, diffuse heterogeneity of
the parenchyma) and assessing the condition of the
ducts [15]. The method is safe, non-invasive and suit-
able for dynamic monitoring. In endocrinological prac-
tice, ultrasound is widely used to evaluate other glands
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(thyroid, parathyroid, adrenal glands), while salivary
glands usually remain outside the area of routine eval-
uation. It is assumed that ultrasound of the salivary
glands in patients with acromegaly will allow quanti-
fying the presence of their hypertrophy and identifying
possible predictors of this condition. This study is aimed
at expanding the understanding of organomegaly in ac-
romegaly and evaluating the possibility of using ultra-
sound biometry of the salivary glands as an additional
marker of the tissue response to excess GH/IGF-1 [16].

[t should be noted that hypertrophy of the sub-
mandibular glands in acromegaly has unequal severity
along the anatomical axes: length and width increase,
while thickness does not change significantly. This
pattern of size change is consistent with anatomical
limitations: the submandibular gland is located in the
submandibular triangle of the neck, bounded by the
mandible and fascial structures, which makes it diffi-
cult for it to significantly thicken in the antero-poste-
rior area. Parenchymal hyperplasia is mainly realised
in the areas of lesser mechanical limitation, which
leads to elongation and lateral expansion of the organ
while maintaining a relatively flattened shape. A simi-
lar phenomenon has been described for macroglossia
in acromegaly: the tongue increases mainly in length
and width, which may contribute to a violation of the
closure of the dentition, while the thickness is limited
by the space of the oral cavity and varies to a lesser
extent [16]. It is advisable to take these morphomet-
ric features into account when assessing the dynamics
during treatment. For the salivary glands, the reverse
development of hyperplasia after therapy has not been
sufficiently investigated; however, it can be assumed
that there are similar limitations to regression in con-
ditions of a fixed anatomical space.

The present study identifies factors associated
with the severity of salivary gland hypertrophy in ac-
romegaly. It was shown that the volume of the sub-
mandibular glands in men with acromegaly is greater
than in women, in the absence of significant sex dif-
ferences in the control group. This is consistent with
clinical observations, according to which the disease
is often more severe in men and remains unrecog-
nised for longer, which may be conditioned by more
pronounced morphological manifestations at the time
of diagnosis. Additionally, the role of sex hormones
as possible modifiers of the tissue response to excess
growth hormone and insulin-like growth factor-1 is
discussed. It was previously noted that in postmen-
opausal women, the disease may be accompanied by
less pronounced acromegaloid changes, which is as-
sociated with a change in the modulation of the so-
matotropic axis. However, the absence of statistically
significant sex differences in salivary gland volume
in the control group indicates a minimal effect of sex
hormones on the size of salivary glands under phys-
iological conditions. Consequently, the revealed sex

differences are manifested mainly in conditions of
pathology against the background of a chronic excess
of growth hormone. There is also information in the
literature about more frequent hyperprolactinaemia
and larger pituitary adenomas in men with acromeg-
aly, which may indirectly affect the severity of periph-
eral changes. In general, gender can be considered as
one of the markers of the degree of tissue response in
acromegaly, including from the salivary glands.

Another factor associated with the volume of sali-
vary glands was the duration of the disease. It has been
shown that with a shorter period from the onset of ac-
romegaly, hypertrophy of the salivary glands is more
pronounced, whereas with a prolonged course of the
disease, the volume of the glands is somewhat smaller.
This may reflect the dynamics of tissue changes: in the
early stages, glandular tissue is actively hypertrophied
under the influence of a chronic excess of growth hor-
mone and insulin-like growth factor-1, whereas as the
disease progresses, partial involution and an increase
in the proportion of connective tissue are possible.
With prolonged acromegaly, fibrous changes develop
in various organs, including the myocardium, thyroid
gland, and skin; similar processes cannot be excluded
in the salivary glands. An additional explanation may
be that patients with a long-term course of the disease
are more likely to receive treatment that partially af-
fects peripheral manifestations. The results obtained
are consistent with the understanding of the clinical
dynamics of acromegaly, according to which, as the dis-
ease develops, external stigmas become less dynamic,
complications come to the fore, and active soft tissue
growth stabilises. Therefore, early diagnosis and treat-
ment of acromegaly are important not only for the pre-
vention of complications, but also for limiting the de-
gree of irreversible morphological changes, including
changes in the salivary glands.

The lack of correlation of salivary gland volume
with current levels of insulin-like growth factor-1 and
growth hormone in patients in the active phase of the
disease also deserves attention. With a relatively high
and relatively uniform excess of insulin-like growth
factor-1 in the sample, the variability of hormonal
parameters could not have a significant effect on the
already formed increased volume of glands. Similarly,
it was noted in the literature that the severity of orga-
nomegaly and soft tissue manifestations is not always
directly proportional to the concentrations of growth
hormone and insulin-like growth factor-1, especially
in the range of high values; more significant determi-
nants may be the duration of hypersecretion, individu-
al tissue sensitivity, and sexual and genetic factors. The
factors considered in the analysis (gender, duration of
the disease, hyperprolactinaemia) explain about half
of the interindividual variation in salivary gland vol-
ume, which indicates the role of additional, probably
individual, determinants.
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The results obtained are of practical importance.
It has been shown that ultrasound can be used to de-
tect and quantify salivary gland enlargement in acro-
megaly. Ultrasound biometrics of the salivary glands
can potentially be included in the complex examina-
tion of patients, including for dynamic monitoring
of the soft tissue response to treatment. In addition,
the revealed relationship between gland volume and
sex and duration of the disease underscores the need
for an individualised approach to clinical observa-
tion, primarily in men and patients with a relatively
short period of disease manifestation. In addition, the
data obtained complement the arguments in favour of
early treatment of acromegaly. It is known that effec-
tive therapy of acromegaly leads to an improvement
in symptoms and a reduction in mortality [1-3], and
may also contribute to partial regression of external
manifestations. However, the reverse development of
salivary gland hypertrophy has not been sufficiently
investigated; further studies, including repeated ul-
trasound measurements after surgical and drug treat-
ment, seem appropriate.

Ultimately, the results are of interest not only to
endocrinologists, but also to dentists, maxillofacial
surgeons, and otorhinolaryngologists. Diffuse enlarge-
ment of the salivary glands is more often considered in
the context of autoimmune diseases, sialolithiasis and
tumour processes, and less often as a manifestation of
endocrine pathology. Patients with acromegaly show
significant hyperplasia of the salivary glands, which
should be considered in the differential diagnosis of
sialomegaly. Functional changes in salivation in acro-
megaly (increased salivation and/or changes in saliva
composition) can affect the condition of the oral cavi-
ty [16]. According to the literature, periodontal diseas-
es occur in patients with acromegaly; an enlargement
of the gingival papillae associated with hypertrophy
of the connective tissue structures of the periodon-
tium has been described [17,18]. This complicates the
management of dental patients and highlights the need
for interaction between endocrinologists and dentists.
Otolaryngologists should consider the possibility of
asymptomatic enlargement of the salivary glands and
soft tissues of the pharynx in patients with acromegaly,
which may contribute to snoring and obstructive sleep
apnoea [19,20]. The data obtained complement the un-
derstanding of orofacial changes in acromegaly, includ-
ing changes in the salivary glands.

The interpretation of the revealed patterns re-
quires considering the features of the tissue response
in acromegaly. An increase in the linear size and vol-
ume of the submandibular salivary glands may reflect
a combination of parenchymal hyperplasia, an increase
in the interstitial component, and changes in micro-
circulation due to chronic hormonal stimulation. Si-
multaneously, the uneven dynamics of individual sizes
(for example, more pronounced changes in length and

width compared to thickness) may be associated with
anatomical limitations of the gland bed and the peculi-
arities of parenchymal distribution in the fascial spaces
of the submandibular region. The obtained relationship
between gland volume and gender may reflect both
differences in hormonal levels and soft tissue composi-
tion, and potential differences in the thresholds of clini-
cal manifestation of acromegaly, when tissue changes in
men become more noticeable with a shorter duration
of the disease. The association with the duration of the
disease, in turn, is not necessarily linear: in the early
stages, a faster increasing tissue reaction is possible,
whereas with a prolonged course relatively stable mor-
phological changes are formed, and the contribution of
concomitant factors (age, therapy, comorbidity) may
increase. A qualitative assessment of the echostruc-
ture, where some patients showed structural chang-
es, may reflect the heterogeneity of the process, from
predominantly diffuse hypertrophy to a combination
of hypertrophy with parenchymal remodelling sites.
From a practical standpoint, this emphasises the need
to interpret the ultrasound picture in a clinical context
and avoid unambiguous conclusions based on a single
feature, based on a combination of morphometric and
qualitative characteristics.

The study had a number of limitations. The study
was performed in one centre and included a relatively
small sample, which limited the external validity of the
results. The design was cross-sectional, so the identi-
fied connections should be interpreted as associations
rather than causal relationships. Ultrasound assess-
ment of the salivary glands is an operator-dependent
technique; no separate quantitative assessment of the
reproducibility of measurements was carried out in
the framework of this work. In addition, the analysis
focused on morphometric parameters and qualitative
echostructure without evaluating the functional pa-
rameters of salivation, which limits the interpretation
of the clinical consequences of the identified changes.

Conclusions
Acromegaly, accompanied by a chronic excess of growth
hormone, leads to multiple morphological changes, in-
cluding generalised organomegaly and maxillofacial
manifestations. The present study shows that in pa-
tients with active acromegaly, the submandibular sali-
vary glands are larger in volume than in healthy indi-
viduals of comparable gender and age (by about 40%).
The increase in the volume of the glands is mainly due
to an increase in length and width while maintaining
a comparable thickness, which reflects the anatomical
limitations of growth in the confined space of the bot-
tom of the oral cavity. The volume of salivary glands is
associated with the gender and duration of the disease:
in men and with a shorter duration of the disease, the
increase is more pronounced, whereas in women and
with a prolonged course, the degree of hypertrophy
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is somewhat lower. There was a tendency to a small-
er salivary gland volume in patients with concomitant
hyperprolactinaemia, which may be conditioned by the
specifics of the hormonal profile in somatolactotrophic
adenomas. In the range of values of active acromegaly,
there was no direct relationship between the size of the
salivary glands and the levels of growth hormone and
insulin-like growth factor-1, which indicates a possible
threshold effect and the role of individual characteris-
tics of the tissue response.

The results obtained expand the understanding
of the systemic manifestations of acromegaly, comple-

hyperplasia following long-term effective treatment
and to investigate the functional consequences of
changes in gland volume on salivation and oral health.
Interdisciplinary collaboration between endocrinolo-
gists and dental specialists remains an important pre-
requisite for early diagnosis and comprehensive man-
agement of patients with acromegaly.
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AHHOTaumMsA. AkpoMerasusi - 3TO XPOHHYEeCKOoe HeHpPO3HJIOKpUHHOe 3aboJsieBaHHe, O00yC/I0BIEHHOE
JUIUTENbHOW THUIEePCeKpened TOPMOHA POCTa M UHCYJHHONOA0GHOro ¢akTopa pocrta-1 U mpuBOJsllee K
CUCTEMHOU rUIepTPOPUHU MSITKHUX TKaHeH, TPU 9TOM COCTOSIHUE CJIIOHHBIX JKeJle3 U3yYeHo HeloCTaTo4yHo. [leb
MCCIeJOBAHUS COCTOSIA B TOM, UTOOBI CPABHUTH Pa3Mephl MOJHIKHEUETI0CTHBIX CIIOHHBIX XKeJe3 Mo JaHHbIM
YABLTPa3BYKOBOI'0 HCCJE/[OBAHUA Y TAIMEHTOB ¢ aKTUBHOW akpoMerajaued U y CONMOCTaBUMbBIX MO BO3PacCTy U
MO0J1y 3JI0POBBIX JIUI, a TAKXe BbISIBUTh KJIUHUKOOHOXMUMHYECKHEe (AKTOPhI, aCCOLMUPOBAHHBIE C 00'bEMOM
»KeJsie3. B mpocnekTHBHOE CpaBHUTE/NbHOE UCC/Ie/IoBaHNe BKIOYEHbI 27 MAallUEHTOB C aKTUBHOUW aKpoMerayinen
Y 26 310pOBbIX 106POBOJIBIER. BCceM BBITTOTHEHO YJIBTPA3BYKOBOE UCCIe0BAHUE TIOHIKHEUETH0CTHBIX XKeJIe3 C
M3MepeHueM AJIUHbL, IIMPUHBI U TOJI[HAHBI KaX/10H JKeJsie3bl U pacyeToM 06'beMa. Y MalueHTOB AOMOTHUTENbHO
OIleHHUBAJMCh BO3PACT, [JJINTEJbHOCTb CUMIITOMOB, UHAEKC WHCYJIWHOMON00HOTO dakTopa pocTa-1, Halu4due
TUIePIPOTAKTUHEMHHU U 3XOCTPYKTYPY MapEHXUMBL. Y MallMeHTOB C aKpoMeraivel Me/[uaHHbIA 06'beM MPaBOU
»KeJie3bl ObLI Bhillle, yeM y 340poBbix (10,0 mpotur 6,3 cM?), kak u 06beM JseBoi (8,8 mpotur 7,0 ¢ p<0,01
JUIsT 06eUx), PU JJOCTOBEPHOM YBeJHYEHUH [JJIUHBI U MHUPUHBI U OTCYTCTBUU Pasavuuil no TosuuHe. O6beM
JKeJie3 OTPHULIATENbHO aCCOIMUPOBAJICS C BO3PACTOM W JJIUTEJNbHOCTBIO CHMITOMOB, OBIJT BbIIIE Y MYXUUH U
MMeJT TEHJEHILIUIO K CHIKEHUIO TIPY TUIIePNPOJIaKTUHEMUY; He3aBUCHMbIMH NMPEeJAUKTOPaMHU 06'beMa 0Ka3anCh
MYKCKOH IMOJ W JJUTENbHOCTb CUMIITOMOB. AKpOMerasusi CONPOBOX/aNach BbIPAKEHHOU runepTpoduei
MO/IHIDKHEYETIOCTHBIX CJIOHHBIX 3Kesle3 MPeuMYyILleCTBEHHO 3a CYEeT YBeJUYEHHSs] AJUHbl U LIHUPHUHBI, YTO
MO3BOJISIET PACCMATPUBATD YJILTPA3BYKOBYIO OIIEHKY 3THX KeJie3 KaK J0TOoJHUTeIbHbIH HEMHBAa3UBHBIA MapKep
TKaHEeBOIr'0 OTBeTa IIPH aKPOMETaJTUU

KnioueBbie cnoBa: NOJHWKHEYEJNIOCTHbIe CJIOHHBIE 3KeJse3bl; YJIbTPa3BYKOBOe HcCCAeJ0BaHUE; 06beM
C/IIOHHBIX KeJie3; HHCYJIMHONOA06HbIH GaKTop pocTa-1; runepnpoakTHHEMUSA

BeepexHue
AxkpoMeranusa - XpoHUYecKoe Helpo3aHzokpuHHoe ocu [P/UPP-1 [1-3]. Us6eiTouHass cekpeuuss ['P/
3a6osieBaHUE, OOYC/JOBJEHHOE AJWTeJbHOH rumep- MW®PP-1 mpuBoJUT K Oporpeccupymrolleil rumneprpo-
cekpenuei ropmoHa pocta (['P) ageHomoli runodusa UM MATKUX TKaHEW, YBEJUUEHUIO BHYTPEHHUX Op-
C MOC/eAYOLUM NOBBILIEHHEM YPOBHS UHCYJIMHONO- T[AaHOB U PEMOJENUPOBAHUIO KOCTel ¢ popMUPOBAHU-
Jo6Horo ¢dakTopa pocta-1 (M®PP-1) u akTuBanueid €M CUCTEMHbIX OCJ0XHeHUH [2,3]. [na 3a6o1eBaHUs
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