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Hormonal and metabolic disorders in connective tissue dysplasia
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ABSTRACT

The lecture considers the results of research conducted by Russian and foreign scientists concerning the
characteristics of all types of metabolic disorders and hormonal imbalance in undifferentiated connective tissue
dysplasia (CTD). Understanding the role of hormonal and metabolic disorders in the development and course of
diseases associated with CTD is of great importance for the development of pathogenetically grounded algorithms
for the diagnosis, treatment, and prevention of emergency conditions.
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Teuennn accouunpoBaHHbix ¢ JICT 3aboseBannii nmeer Goiblioe 3HAUSHUE ISl Pa3pabOTKU MaTOreHETHIECKH
000CHOBAaHHBIX AJITOPUTMOB JTUATHOCTUKH, JICUCHUA U l'lpO(bl/IJ'[aKTI/IKI/I HEOTJIOKHBIX COCTOSIHUM.

KiroueBsble cjioBa: qucIuia3us COSIUHATENBHON TKaHH, HAPYIIEHHS 00MEHA, TOPMOHAIBHBIN CTaTyC

Konpaukrt nnTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTCHIIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKanuel HaCTOSIIEeH CTaThH.

Hcrounuk ¢puHaAHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM (PHHAHCHPOBAHUS TPH MPOBEICHHN HUCCIEN0-
BaHMSI.
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INTRODUCTION

The concept of connective tissue dysplasia
(CTD) implies structural and functional disorders of
connective tissue and their systemic manifestations
in multiple organs. CTD syndrome is marked by
a number of specific pathological conditions of
connective tissue, which are designated as genetic
disorders of collagen metabolism, since they are
associated with congenital metabolic and structural
defects of collagen. In addition to a number of
hereditary syndromes described in detail (Marfan
syndrome, Ehlers — Danlos syndromes, Stickler
syndrome, etc.), pathological changes in the form
of incomplete, suppressed, undifferentiated forms
combined into a group of undifferentiated connective
tissue diseases (UCTD) are of great social and
medical significance [1]. They do not meet the
diagnostic criteria of the above listed genetically
determined syndromes, but at the same time they
are characterized by a set of signs indicating the
presence of connective tissue disease with multiple
organ damage [2].

Due to the systemic nature of the manifestations,
the symptoms of UCTD are of interest for various
clinicians, including not only pediatricians and
therapists, but also specialty physicians, such as
cardiologists, surgeons, gynecologists, urologists,
pulmonologists, etc. [3]. Researchers are interested in
studying and making practical use of the knowledge
obtained about this pathological process because
of its high prevalence, the diversity of phenotypic
characteristics, the trend toward a progressive
course and adverse outcomes, and the relevance of
the search for prognostically significant markers

of a severe course and complications of associated
pathology [4].

Currently, there is no generally accepted
classification of UCTD that would be recognized
by all researchers and clinicians. No consensus was
reached regarding diagnostic criteria, terminology,
or assessment of the severity of this condition.
However, patients with UCTD represent a large
group with multiple organ disorders of varying
severity and require an interdisciplinary approach in
their medical care [3—6].

METABOLIC DISORDERS IN CTD

The formation of this pathological process is
based on a genetically determined defect in the
development of the mesenchymal matrix of the body.
It is accompanied by a decrease in the strength of
the connective tissue framework supporting systems
and organs, with subsequent morphofunctional
disorders closely related to changes in the hormonal
and metabolic state [7]. Hormonal and metabolic
parameters can form a panel of biological markers of
CTD at the preclinical stage, which determines the
relevance of this literature review.

According to a number of authors, CTD is a
hereditary metabolic anomaly, which is based on
impaired formation and maturation of connective
tissue structures in the body, which leads to the
development of dysplastic changes in tissues and
contributes to the occurrence of diseases of the
musculoskeletal system and internal organs [8]. It is
believed that impaired synthesis of collagen, the main
structural element of connective tissue, underlies
organ dysfunction in CTD. Proteins including
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glycosaminoglycans — glycoproteins perform a
structural function in various mucous secretions and
cell membranes, being an important component of the
intercellular matrix. Intermolecular bond disruption
leads to collagen disorganization [9]. In practice,
the state of collagen is assessed by the level of a
number of amino acids — its structural components
in the biological media of the body. Oxyproline is
one of the main amino acids of collagen, a biomarker
reflecting the catabolism of this protein. An increase
in the concentration of oxyproline in a 24-hour urine
test is associated with the severity of CTD and an
increased level of other amino acids in the blood,
namely hydroxyproline, lysine, and proline [3].

The presence of CTD significantly affects
tolerance and adaptation to exercise. Patients
with UCTD often suffer from exercise-related
musculoskeletal disorders and are predisposed to
re-injury [10]. In this regard, the presence of CTD
implies a personalized approach to the exercise
regime in these patients.

According to a number of authors, the asthenic
body type associated with malnutrition is one of
the most important phenotypic signs of CTD and
is statistically significantly more often observed in
this pathology than in the general population [11].
Protein — energy malnutrition in UCTD is registered
in 40% of cases and is accompanied by all types of
metabolic disorders, which makes active search for
mechanisms that explain this association relevant
[12]. There is a point of view that nutrient deficiency
as an adaptation mechanism in the prenatal period
leads to complex metabolic changes that determine
collagenopathy and associated dysfunction of
body systems. Since the hypothalamic — pituitary
— adrenal axis (HPA axis) represents one of the
adaptational systems of the body [13], the features of
the gestational period can preset the state of the HPA
axis and contribute to an unfavorable prognosis of
developing diseases in adulthood.

This concept is highlighted by literature data that
low body weight of newborns is associated with
arterial hypertension in both children and adults,
as well as with increased excretion of androgens
and glucocorticoids. Increased activity of the HPA
axis contributes to more active catabolic processes
with progressive body weight loss in patients with
hypoproteinemia and hypoalbuminemia. High
sympathetic tone ensures an increase in the intensity

of the basal metabolic rate and a sharp decrease
in energy expenditure. Increased catabolism in
malnutrition is characterized by depletion of
glycogen and fat depots at the beginning. Then,
with a significant deficiency of nutrients, protein
breakdown occurs in muscle tissue, and the level
of transport proteins in the blood decreases. Protein
deficiency leads to immune suppression associated
with both limited synthesis of immunoglobulins
and ineffective antioxidant defense, which together
contribute to deficiency of intracellular energy,
disruption of adequate transport of micronutrients,
and damage to cell membranes [12].

Protein metabolism disorders in CTD are also
manifested by changes in the vascular and platelet
component of hemostasis, as evidenced by the
presence of platelet function disorders in most
children [14]. The relationship between the severity
of anemia and the number of clinical signs of CTD
was found. This is confirmed by low levels of
hemoglobin, red blood cells, ferritin, and serum iron
[15]. Researchers consider different mechanisms of
anemia development in CTD. However, most tend to
believe that disruption of submembrane cytoskeleton
in red blood cells plays a crucial role in reducing the
life span of red blood cells, which significantly affects
elasticity and reduces their elastic deformation when
passing through the microvasculature [16, 17]. In
particular, it has been shown that an imbalance of
antioxidant enzymes (superoxide dismutase and
catalase) is observed in adolescents with UCTD. In
turn, this can lead to the accumulation of aggressive
hydroperoxides in the blood plasma, which damage
blood cells, and contribute to the development of
lipid peroxidation in erythrocyte membranes [18].

Neonatal body weight deficiency was also found
to be associated with insulin resistance and impaired
glucose tolerance afterwards. Since skeletal muscles
and adipose tissue are the main peripheral tissues
affected by insulin in adults, body weight deficiency
and malnutrition at birth can be considered as
adaptive manifestations [19]. However, researchers
from Donetsk National Medical University showed
that in children with UCTD and functional dyspepsia
(FD), insulin and cortisol levels were significantly
lower than in children without signs of CTD and
in healthy individuals [20]. Increased catabolism
in people with body weight deficiency and related
stress are also associated with a decrease in enzyme
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activity and insulin synthesis, and an increase in the
cortisol / insulin index is observed.

In malnutrition associated with CTD, energy
metabolism changes significantly, mainly from
carbohydrate to lipid. Moderate malnutrition is
accompanied by increased fat breakdown, in which
non-esterified fatty acids (NEFA) become an
important source of energy. Under these conditions,
the biosynthesis of fatty acids from cholesterol is
activated, which is necessary for the satisfactory
functioning of the digestive system and the complete
synthesis of corticosteroids, which regulate
adaptation reactions. With more severe protein
— energy deficiency and grade III malnutrition in
patients with slowing fat catabolism, the absorption
of NEFA worsens, and the level of cholesterol and its
fractions in the blood decreases, which contributes
to disrupted structure and impaired function of cell
membranes and a decrease in the concentrations of
corticosteroids and fatty acids [12].

Impaired lipid metabolism in CTD is a key link
in the pathogenesis of many diseases in people of
any age. It is believed that the content of free and
bound fatty acids in the blood serves as an additional
biomarker of CTD [3]. Researchers discuss the
significance of the pathology of cell membranes and
lipid and fatty acid composition of blood plasma
in the pathogenesis of arterial hypertension and
other cardiovascular diseases [21]. It is now known
that deficiency of polyunsaturated omega-3 fatty
acids underlies the occurrence of cardiovascular
pathology. Cardiovascular diseases in children are
some of the most common childhood pathologies
[22, 23]. Changes in the architectonics of the heart
and great vessels in young people with CTD and
their dysfunction are explained, among other things,
by impaired lipid metabolism.

Impaired mineral metabolism is another important
link in the pathogenesis of CTD, given the essential
role of macro- and microelements in the formation
of the connective tissue structure. According to the
literature data, the majority of patients with CTD
experience changes in the macro- and microelement
composition of biological media. Thus, in persons
with CTD, deficiency of the following elements
has been described: silicon, selenium, potassium,
calcium, copper, manganese, magnesium, and zinc.
All of the above elements are more or less involved
in bone mineralization, collagen synthesis, and

maturation [24]. A comparative analysis of clinical
and laboratory data from underweight children with
and without CTD showed that in the absence of
statistically significant differences in anthropometric
parameters, including bioelectrical impedance
analysis, in patients without CTD, the content of
mineral substances in the body was within the
reference values [25].

The analysis of the literature data showed that
researchers mainly focus on studying the role
of calcium and magnesium in the pathogenesis
of morphofunctional disorders associated with
CTD [26]. The deficiency of these elements is
associated not only with a decrease in the strength
of the bone skeleton according to densitometry,
but also with a disruption of the vascular wall
structure and impaired function of the nervous
system. At the same time, low magnesium levels
negatively correlate with the severity and number of
phenotypic signs of CTD [27, 28]. It is also known
that hypomagnesemia underlies the development of
insulin resistance and increases the risk of impaired
glucose tolerance. Often, children with CTD
exhibit deficiency of not just one, but a number of
microelements. As expected, the most frequently
described combination is deficiency of calcium
and magnesium, however, some researchers have
described combined deficiency of microelements
which actively participate in collagen formation,
such as zinc, selenium, iodine, and copper [29].

HORMONAL DISORDERS IN CTD

The above mentioned metabolic disorders in
CTD have complex hormonal regulation, which is
confirmed by the results of research characterizing
hormonal imbalance in CTD. Since diabetes mellitus
(DM) is an extreme manifestation of carbohydrate
metabolism disorders and the formation of vascular
and neurological complications in this pathology is
associated with the involvement of connective tissue
in the pathological process, an attempt was made
to study the features of the association between
UCTD and DM. It was found that UCTD negatively
affects the prognosis and course of type 1 diabetes
[30] and type 2 diabetes, which is manifested by
earlier depletion of regulatory mechanisms and
decreased opportunities for rehabilitation and
psychological adaptation. UCTD in combination
with type 2 diabetes is considered as an independent
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cardiovascular risk factor for cardiac arrhythmias,
valvular dysfunction, and autonomic imbalance,
contributing to sympathicotonia, electrical instability
of the myocardium and prolonged PQ interval and
increasing the risk of sudden cardiac death [31].

The analysis of the results of a large-scale study
on the functional state of the main body systems
demonstrated that patients with UCTD were more
likely to have uncompensated DM and developed
late complications two times more often and 2 to
3 years earlier than patients without CTD [32].
Symptoms of CTD were regarded as predictors of
the development of comorbid pathology in patients
with type 2 diabetes, which primarily implied
cardiovascular and musculoskeletal diseases [32].
In children and adolescents with type 1 diabetes and
CTD, complications, such as diabetic neuropathy
and nephropathy, develop earlier from the onset of
the disease and have a more severe course than in
patients without dysplasia, which allows to consider
them as a special risk group [33].

Thyroid pathology is considered to be the most
frequently diagnosed pathology in patients with
CTD. Autoimmune thyroiditis occurs in more than
37% of patients, which is significantly more common
than in the control group [34]. Thyroid hormones are
involved in the regulation of growth and skeletal
maturation [4]. It is known that free thyroxine and
trilodothyronine activate the synthesis of type 1
collagen and osteocalcin in bones. The biological
effects of thyroid hormones and thyroid-stimulating
hormone include inhibition of fibroblast proliferation
and chondrocyte differentiation in various types of
connective tissue, which underlies an increase in
bone density in hypothyroidism [35].

Krasnodar researchers also showed that
autoimmune pathology of the thyroid gland and
basal and/or postprandial hyperinsulinemia are the
most common of all endocrine diseases identified
in patients with UCTD, diagnosed in 37.7% and
43.4% of cases, respectively, which is statistically
significantly higher than in the control group [34].
Various research groups have shown that in young
people with UCTD, autoimmune thyroiditis is
diagnosed in 32.5% of cases and in women of fertile
age — in 42.9% of cases, which is more often than
in the general population. At the same time, the
frequency and severity of visceral, osteoarticular, and
skin phenotypic signs of UCTD are more significant

than in individuals with UCTD who do not have
thyroid pathology. Also, in this category of people,
higher titers of antibodies to thyroid peroxidase and
thyroglobulin are recorded, in contrast to healthy
controls, which allows to consider all patients
with UCTD as a risk group for the development
of autoimmune thyroid pathology [36]. The high
risk of developing autoimmune thyroiditis and
hypothyroxinemia in joint hypermobility syndrome
makes it reasonable to examine patients in order
to diagnose thyroid dysfunction that would require
subsequent targeted personalized therapy and iodine
prophylaxis in this target group [35].

Impaired development of the reproductive system
in adolescents is a consequence of UCTD. In girls,
the most common problem is menstrual dysfunction,
characterized by early menarche, hypomenorrhea
and amenorrhea, as well as by uterine bleeding
during puberty. In turn, hormonal and metabolic
changes accompanied by menstrual dysfunction
aggravate the course of CTD. The assessment of
the hormonal status of teenage girls with UCTD
and menstrual disorders showed that younger girls
(11-13 years old) with UCTD had an increased level
of follicle-stimulating hormone (FSH) and decreased
content of luteinizing hormone (LH), the LH / FSH
index was reduced up to 0.7, which corresponds to
gonadotropin function in infants and luteal phase
deficiency.

In a group of adolescent girls with UCTD
(14-16 years old), 55% were also diagnosed with
immaturity of the reproductive system, which may
be associated with UCTD (pubertal maturity index
< 1.0). However, 45% of patients had high sexual
maturity rating (2.0-2.5) [37]. The hormonal status
of adolescents with UCTD of both sexes was
characterized by a higher level of gonadotropins
than in healthy peers. Moreover, in patients with
minimal manifestations of dysplasia, the FSH level
was significantly higher than in the control group
and in patients with moderate and severe dysplasia,
and the LH level was significantly higher than in the
control group.

However, in severe dysplasia, gender-specific
hormonal status was revealed. Thus, in the group of
girls with severe CTD, FSH levels were significantly
reduced and had an inverse correlation with the
severity of dysplasia. In the group of boys, elevated
FSH and LH levels were noted in mild UCTD, while
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patients with severe UCTD had low concentrations
of the two hormones [37]. This indicates that
in severe cases, inhibition of the gonadotropin
function of the pituitary gland occurs, whereas with
minimal dysplastic changes, gonadotropin activity
is high. Researchers explain hyperprolactinemia in
adolescents with UCTD as a reaction caused by an
inadequate response of the body to stress. It is known
that patients with UCTD have a cluster of emotional,
personal and temperament characteristics, which
also requires in-depth study [38, 39].

The presence of CTD in boys may also underlie
delayed puberty, including symptoms that require
surgery, such as micropenis, hypermobility, testicular
hypoplasia, and varicocele [40]. Varicocele can
also be one of the manifestations of CTD in men.
During the examination of 721 adolescent patients
diagnosed with varicocele, it was found that patients
who had recurrent varicocele had more than seven
verified diagnostic signs of CTD, which makes it
possible to consider UCTD as a cause of varicocele
recurrence. A 10-100 increase in the level of sex
hormones (estradiol and testosterone) in the blood
of the pampiniform plexus was characteristic of such
patients, which may indicate hormonal regulation in
this pathology [40].

The presence of UCTD in patients is associated
with a high risk of gestational complications, such
as threatened miscarriage and incipient abortion,
cervical incompetence, premature rupture of
membranes, and retrochorial hematoma [41, 42]. The
examination of 80 pregnant women with threatened
preterm labor and cervical incompetence revealed
the prevalence of phenotypic signs of UCTD in more
than 90% of cases [43]. The above-described features
of hormonal imbalance and sexual development in
adolescents may partially explain the data obtained
on the negative impact of UCTD on the reproductive
function of both women and men.

Malnutrition is a symptom complex of great
medical and social significance due to a high risk of
adverse prognoses associated with the presence of this
syndrome. It is believed that a large part of metabolic
disorders is genetically determined, and mutations
of genes encoding adipokines and their receptors are
pivotal. Adipokines are hormone-like substances,
secreted by adipose tissue, an imbalance of which
can lead to metabolic disorders. The biological
effects of adipokines in abdominal obesity, metabolic

syndrome, and associated pathologies have been well
studied [44, 45]. Since there is a lack of data on the
pathogenesis of malnutrition in patients with CTD
and high frequency and severity of nutritional status
disorders, an attempt was made to assess the level of
anumber of adipokines and their receptors in patients
with CTD and malnutrition. It was found that in such
patients, the adipokine profile was characterized by
a decrease in the levels of leptin and resistin in the
blood and an increase in the concentration of soluble
leptin receptors and adiponectin [19].

CONCLUSION

Thus, CTD contributes to the formation of
pathology of various systems and organs and has a
wide variety of manifestations. Metabolic disorders
and hormonal imbalance are not only a manifestation
of this pathology, but also underlie the progression
of associated clinical conditions.

Understanding the role of hormonal and metabolic
disorders in the development and course of diseases
associated with CTD is of great importance for the
development of diagnostic algorithms based on
pathogenetics and targeted treatment, including
metabolic therapy and effective personalized
algorithms for preventing the progression and
complications of the pathological process which
would improve the quality of life.
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