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Abstract
Changes in connective tissue against the background of hyperglycemia in patients with type 1 diabetes mellitus 
is a morphological substrate for the formation of diabetic complications. The presence of undifferentiated connective 
tissue dysplasia in a patient with absolute insulin deficiency, the prevalence of individual external manifestations of 
which among young people is 85.4%, can increase the risk of developing and progressing complications of diabetes 
mellitus. The purpose of the review is to summarize the literature data on the impact of undifferentiated connective 
tissue dysplasia on the course of type 1 diabetes mellitus and its complications when they are combined in one 
patient. An analysis of the literature has shown that today there are single studies that have studied the specifics of 
the course of type 1 diabetes mellitus and its complications against the background of undifferentiated connective 
tissue dysplasia, with some aspects analyzed in children and adolescents, others in adults, which does not allow 
to draw clear conclusions. The results of these studies demonstrated earlier development and progression of such 
diabetic complications as nephropathy, neuropathy, post-injection lipodystrophy in patients with increased dysplastic 
stigma. According  to some experts, patients with  type 1 diabetes mellitus and concomitant undifferentiated 
connective tissue dysplasia should be allocated to a separate group of dispensary observation, since they may 
have a higher risk of developing and progressing rate of chronic complications of diabetes mellitus, which leads 
to a concomitant decrease in quality of life and increased risk of disability. However, to date, the question of the 
influence of increased dysplastic stigmatization on the course of type 1 diabetes mellitus has not been fully studied.
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Introduction
Signs of connective tissue dysplasia are observed in 
one out of every six Russian inhabitants, and 85.4% 
of young people exhibit individual external mani-
festations of connective tissue dysmorphogenesis 
[1]. Currently, researchers are intensively exploring 
the issue of undifferentiated connective tissue dys-
plasia (UCTD) [2].

Diabetes mellitus (DM) is a significant medi-
cal and social problem that affects over 537 million 
adults worldwide, with 47% experiencing compli-
cations [3–6].

According to I.S. Maslova and V.E. Kenner, the 
probability rates of simultaneous presence of type 1 
DM (T1DM) and UCTD are 40% and 43%, respec-
tively [7, 8]. Both pathologies have a systemic  level 

of lesions and are likely to worsen their course. The 
influence of UCTD on the DM course and its com-
plications when they coexist in a single patient is 
currently not fully understood.

Thus, this review aimed to analyze the effect of 
increased dysplastic stigma on T1DM and the pro-
gression of its complications when coexisting in 
a single patient. Literature sources published from 
2005 to 2023 and indexed in eLibrary,  Google 
Scholar, and PubMed were reviewed to investigate 
the effect of UCTD on the course of T1DM and the 
progression of its complications when these patho-
logic processes coexist in a single patient.  After an-
alyzing the abstracts for compliance with the review 
topic, 52 sources were identified using the keywords 
“connective tissue dysplasia” and “type 1 DM.”
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Connective tissue pathology in patients 
with T1DM
Connective tissue is the primary morphological 
substrate for the development of diabetic micro- 
and macroangiopathies at the tissue level. In pa-
tients with DM, collagenopathies can be a direct 
consequence of carbohydrate metabolism disorders 
and a manifestation of other comorbidities [9–13].

Chronic hyperglycemia in DM causes meta-
bolic and hemodynamic disorders  that affect  the 
metabolism of large molecules in the connective 
tissue, primarily collagen. Increased collagen and 
fibrin formation contributes to the thickening of the 
basement membrane of small vessels and capilla-
ries, such as retinal vessels, renal tubular capilla-
ries, and vasa nervorum. This thickening forms the 
morphological basis for the development and pro-
gression of DM complications [14–16].

Long-term control of hyperglycemia is associ-
ated with the prevention of the development and 
progression of DM complications [17]. Beyond 
impaired glucose metabolism, metabolic conse-
quences can affect virtually every tissue and organ 
system [18]. Even in patients with good glycemic 
control, vascular complications can progress be-
cause of “metabolic memory” [19]. High glucose 
levels can result in microvascular and macrovascu-
lar complications that are linked to vision loss, pe-
ripheral polyneuropathy, renal failure, myocardial 
infarction, stroke, and atherosclerosis [20, 21].

Despite improvements in medical care for pa-
tients with T1DM, they are still at a higher risk of 
chronic kidney disease, cardiovascular complica-
tions, and premature death than those without ab-
solute insulin deficiency [22–25]. A study reported 
an increase in collagen synthesis during the initial 
stages of diabetic nephropathy, indicating a rela-
tionship between collagen metabolism disorders 
and progression of DM complications [24].

In vitro experiments demonstrated that the syn-
thesis of type IV collagen increases 2–3 times at 
a glucose concentration of 30 mmol/L. However, 
collagen metabolism did not normalize even af-
ter compensation of carbohydrate metabolism and 
achievement of target glycemic parameters.

Under hyperglycemic conditions, the syntheses 
of collagen types I and VI increase. The effects of 
hyperglycemia and glycation products are mediat-
ed by protein kinase C and growth factors, such as 
transforming growth factor and connective tissue 
growth factor. In addition, angiotensin and endo-
thelin I play a significant role in increased collagen 
synthesis in diabetic nephropathy. In this case, in-
creased collagen formation in the kidneys decreas-
es the activity of collagenolytic enzymes, which 
activates collagen glycation and results in the 

accumulation of excessive collagen, a key factor in 
the formation and progression of diabetic nephro-
sclerosis [25].

Increased urinary excretion of type IV collagen 
and peptide-bound hydroxyproline and the relative 
activities of collagenolytic enzymes in serum indi-
cate increased collagen formation [23]. In the pre-
clinical stage, urinary excretion of type IV collagen 
may serve as an early sensitive marker of diabetic 
nephropathy [25–27].

Prevalence of undifferentiated connective tissue 
dysplasia in patients with T1DM
UCTD has a systemic effect on the connective tis-
sue structure. These changes are both qualitative 
and quantitative [28]. The main etiological factor 
of this pathology is considered mutations in genes 
responsible for the formation and organization of 
collagen, extracellular matrix components, and en-
zymes involved in collagen metabolism and fibril-
logenesis [28, 29].

In addition to gene variability and mutation, 
environmental factors can also play a significant 
role in connective tissue disorganization. Risk fac-
tors that contribute to UCTD development include 
chronic fetal hypoxia and the mother’s pregnancy 
course in the presence of chronic diseases, toxico-
sis, eclampsia, and anemia [30].

Epigenetic factors that influence UCTD deve
lopment include irrational nutrition (such as macro- 
and microelement deficiencies, hypovitaminosis, 
and proteinenergy deficiency), unbalanced phy
sical activity, environmental pollution, stress, and 
climate change [1]. The diversity of clinical signs 
of connective tissue dysplasia makes them difficult 
to unify [31].

V.E. Kenner found that 43% of patients diag-
nosed with DM exhibited several UCTD signs. 
They  also  revealed  that  scoliosis,  flat  feet,  and 
bleeding gums are the most common minor deve-
lopmental anomalies among patients with DM [7].

I.S. Maslova et al. discovered that 40% of pa-
tients with T1DM exhibited increased dysplastic 
stigma. They also investigated the prevalence of 
certain minor developmental anomalies in these pa-
tients. Joint hypermobility, flat feet, asthenic body 
type, increased skin elasticity, varicose veins, inter-
nal organ prolapse, height-to-arm span ratio of >1.1, 
mitral valve prolapse, and renal cysts are the most 
common signs of dysplasia in patients with abso-
lute insulin deficiency. In patients with T1DM, the 
rarest UCTD manifestations include gothic pa late, 
chest deformity, biliary tract deformity, and arach-
nodactyly. The most frequent minor developmen-
tal anomalies are the ability to roll the tongue into 
a tube, myopia, and protruding auricles ( Table 1) [8].
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In children and adolescents with absolute insu-
lin deficiency, scoliosis is the most common phe-
notypic sign of dysplasia (70%). The second most 
common sign is flat feet (60%). Other minor deve
lopmental anomalies include a visible venous net-
work and plantar callosities on the feet [21].

Effect of connective tissue dysplasia 
on the course of T1DM and its complications
Currently, few studies have investigated the course 
of DM in patients with concomitant dysplasia. The 
comorbidity index in patients with absolute insu-
lin deficiency in combination with UCTD is higher 
than that in patients without minor developmental 
anomalies [8].

 I.V. Druk et al. found that young patients with 
UCTD exhibit subclinical manifestations of an-
xiety and depression [32, 33]. The coexistence of 
UCTD and DM can negatively affect glycemic con-
trol quality, worsen disease compensation [34–38], 
and accelerate the development and progression of 
DM complications.

I.L. Alimova et al. investigated the clinical char-
acteristics of T1DM and micro- and macrovascular 
complications in children and adolescents with con-
comitant UCTD. The study revealed that compared 
with patients without UCTD manifestations, those 
with UCTD manifestations were more likely to de-
velop nephropathy and neuropathy during the first 
5 years of the disease course, and the complications 
had  a more  severe  course. No  significant  diffe
rence in the prevalence of nephropathy and neuro-
pathy was found between patients with and without 
UCTD when the duration of DM was more than 
5 years. Patients with concomitant UCTD showed 
the most pronounced clinical manifestations of 
polyneuropathy. The prevalence of DM compli-
cations did not correlate with UCTD phenotypes.

Furthermore, I.L. Alimova et al. reported that 
neuropathy, nephropathy, and lipodystrophia more 
frequently occur in patients with both UCTD and 
T1DM than in those without UCTD. However, re-
tinopathy was only present in 11.8% of patients 
with dysplasia and DM. The authors suggest that 

this may be due to inadequate ophthalmologic ser-
vices during the study and potential subjective fac-
tors [21].

According to I.A. Kurnikova et al., patients who 
have both DM and UCTD are at a higher risk of de-
veloping diabetic foot syndrome [39].

Autonomic neuropathy is a DM complication 
[3, 40] caused by the glycation of structural and 
functional proteins, primarily collagen. The clinical 
symptoms of diabetic autonomic neuropathy are di-
verse and may include urogenital, gastrointestinal, 
cardiovascular manifestations, and sweating disor-
ders [41]. T.E. Chernyshova et al. reported a cor-
relation between the risk of development, rate of 
progression of diabetic autonomic neuropathy, and 
degree of dysplastic stigmatization of patients [42].

The gastrointestinal manifestations of diabe-
tic autonomic neuropathy include gastric and in-
testinal motility disorders, esophageal dyskinesia, 
cholecystopathy, anorectal dysfunction, and  other 
related conditions [40, 43, 44]. Similarly, UCTD can 
cause gastroenterological manifestations such as 
sex development disorders, motor-tonic disorders, 
and size and fixation problems [45].

 I.A. Kurnikova et al. found that congeni-
tal  changes  in  collagen metabolism,  specifically 
UCTD, do not significantly affect the risk of diges-
tive pathology in patients with T1DM. The study 
results indicate that acquired disorders of collagen 
metabolism play a more significant role in the de-
velopment of digestive pathologies in patients with 
absolute insulin insufficiency. These disorders al-
ter the course of DM and worsen glycemic control. 
Importantly, hypersympathicotonia significantly af-
fects the functional state of the digestive organs, 
leading to issues with motor evacuation and secre-
tory functions [46].

Cardiovascular autonomic neuropathy is a se-
vere and debilitating underdiagnosed complication 
of DM. It is characterized by impaired autono-
mic control of the cardiovascular system [40, 41, 
47]. This condition affects 17%–73% of patients 
with DM, depending on demographic factors [50]. 
Diabetic cardiovascular autonomic neuropathy 

Table 1. Prevalence of selected dysplastic features in patients with type 1 diabetes mellitus [8]

Most common UCTD signs in adults  
with type 1 diabetes mellitus

Most common UCTD signs in  children 
with type 1 diabetes mellitus

Least common UCTD signs in adults 
with type 1 diabetes mellitus

Myopia
Joint hypermobility
Flat feet
Asthenic body type
Increased skin elasticity
Varicose veins
Lowering of the internal organs

Scoliosis
Flat feet
Visible venous network
Plantar callosities on the feet

Gothic palate
Deformity of the thorax
Deformity of the biliary tract
Arachnodactyly

Note: NDST is an undifferentiated connective tissue dysplasia.
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is characterized by several manifestations, inclu-
ding sinus tachycardia at rest without sinus arrhyth-
mia, poor exercise tolerance, painless myocardial 
ischemia, orthostatic hypotension, sudden cardiac 
arrest, and sudden death [45, 48].

Connective tissue dysplasia is a significant cause 
of cardiovascular autonomic neuropathy [51, 52]. 
T.E. Chernyshova et al. observed that diabetic car-
diovascular autonomic neuropathy with UCTD had 
a rapid progression of hypersympathicotonia, lea-
ding to life-threatening manifestations such as QT 
interval prolongation and dispersion, myocardial 
electrical instability, and “fixed” heart rhythm [42].

Therefore, the coexistence of UCTD and T1DM 
in a patient may increase the risk of developing car-
diovascular autonomic neuropathy and associated 
mortality. However, whether this is the case re-
mains unanswered.

Conclusions
The coexistence of connective tissue pathology in 
UCTD and secondary diabetic modification of the 
connective tissue structure plays an important role 
in the formation and progression of DM complica-
tions. To date, the limited number of studies that 
have examined the influence of concomitant UCTD 
on the course and progression of T1DM have de-
scribed only certain aspects. Some of these studies 
have focused on children and adolescents, where-
as others have focused on adults. Accordingly, it is 
difficult to draw definitive conclusions.

Further research is necessary to examine the ef-
fect of UCTD on the course of T1DM. This will 
allow for the analyses of patients with T1DM and 
UCTD into a separate observation group with more 
frequent screening for DM complications. This step 
will help reduce the risk of complications and pre-
serve the quality of life of the patients.
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