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Abstract

Introduction. Type 1 and type 2 diabetes mellitus remain among the leading causes of
morbidity and mortality, and a substantial proportion of patients do not achieve target HbAlc levels
even with modern pharmacotherapy. Perinatal mesenchymal stromal cells (MSCs) and their cell-
free derivatives have pronounced immunomodulatory and trophic effects and are considered a
promising approach to modifying the course of diabetes.

Aim. To systematize clinical data on the use of perinatal MSCs in T1DM and T2DM and to
summarize preclinical results on perinatal cell-free MSC products (exosomes, small extracellular
vesicles, secretome, conditioned medium) in diabetes and its complications.

Materials and Methods. This systematic review was conducted in accordance with
PRISMA 2020 recommendations. A search was performed in major international biomedical
databases for the period from January 2000 to 3 October 2025 without language restrictions. We
included clinical studies of TIDM/T2DM using perinatal MSCs or their cell-free derivatives with
diabetes-oriented outcomes, as well as preclinical studies in diabetes models using perinatal
exosomes, extracellular vesicles, secretome, or conditioned medium.

Results. Fourteen studies (6 clinical, 8 preclinical) were included in the review. Meta-
analyses of randomized trials showed that MSC therapy, including perinatal sources, reduces
HbAlc by ~1 percentage point, decreases insulin dose, and increases C-peptide without increasing
the incidence of serious adverse events. Clinical studies of perinatal MSCs in T2DM demonstrate
a 1-3% reduction in HbAlc and a 30-50% decrease in insulin requirements, along with
improvement in insulin resistance parameters. Preclinical studies have shown that perinatal
exosomes, small extracellular vesicles, and secretome improve insulin resistance, protect -cells,
accelerate healing of diabetic wounds, and provide nephro- and retinoprotective effects. No clinical
studies of perinatal cell-free products in diabetes were identified at the time of the search.

Conclusion. Perinatal MSCs, primarily UC-MSCs, in clinical studies provide a moderate but
clinically meaningful improvement in glycemic control in T1DM and T2DM with favorable short-
term safety. Preclinical data on perinatal cell-free derivatives confirm the key role of paracrine
mechanisms and the promise of standardized cell-free preparations, which requires confirmation
in randomized clinical trials.

Key words: type 1 diabetes mellitus, type 2 diabetes mellitus, mesenchymal stem/stromal
cells, umbilical cord mesenchymal stem cells, extracellular vesicles, cell- and tissue-based therapy.
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Introduction. Type 1 and type 2 diabetes mellitus remain among the leading causes of
morbidity and mortality worldwide [1, 2]. Despite advances in insulin therapy and the introduction
of GLP-1 receptor agonists, SGLT2 inhibitors, and other modern agents, a substantial proportion
of patients do not achieve target HbAlc levels and continue to accumulate microvascular and
macrovascular complications [3, 4].

Mesenchymal stem/stromal cells possess immunosuppressive, anti-inflammatory,
proangiogenic and trophic properties, which makes them attractive candidates for modifying the
course of diabetes [4, 5]. Perinatal tissues (umbilical cord, Wharton’s jelly, placenta, amniotic
membrane) are ethically accessible sources of MSCs with high proliferative activity and a potent
secretory profile [6-8].

A number of studies suggest that a significant part of the therapeutic effect of MSCs is
mediated through paracrine factors and extracellular vesicles, rather than through long-term
engraftment of the cells [9-11]. This served as an impetus for the development of cell-free
approaches — exosomes, small extracellular vesicles (SEVs), secretome and conditioned medium
[12].

Recent meta-analyses have demonstrated that the administration of MSCs in T1D and T2D
leads to a decrease in HbAlc and insulin requirement, as well as an improvement in C-peptide
levels [13, 14], however, the data aggregate various sources of MSCs (bone marrow, adipose tissue,
umbilical cord, etc.) and do not focus on perinatal tissues and their cell-free derivatives.

In this regard, the aim of the present systematic review is to synthesize data from clinical
studies of perinatal MSCs in T1D and T2D and to summarize preclinical information on perinatal
cell-free MSC products (exosomes, secretome, conditioned medium) in diabetes and its
complications.

Materials and methods. The review was conducted in accordance with the PRISMA 2020
recommendations for systematic reviews and meta-analyses [15]. Formal registration of the
protocol in PROSPERO was not performed; however, prior to the start of the search, the inclusion
and exclusion criteria, the list of databases, and the overall analysis strategy were predefined.

Information sources and search strategy

A systematic literature search was conducted in PubMed/MEDLINE, Web of Science Core
Collection, Scopus, and the Cochrane Library (CENTRAL) for the period from January 2000 to 3
October 2025. The choice of the lower time limit (2000) was driven by the emergence in the early
2000s of key publications that for the first time systematically characterized perinatal MSCs,
including placental and umbilical cord MSCs [16, 17].

Combinations of controlled MeSH terms [18] and free-text terms were used. Examples of
search strategies were adapted for each database:

—for clinical studies:

(“mesenchymal stem cell*” OR “MSC*” OR “mesenchymal stromal cell*”)

AND (“umbilical cord” OR “Wharton’s jelly” OR “placent*” OR “amniotic” OR
“perinatal”)

AND (“diabetes mellitus” OR “type 1 diabetes” OR “type 2 diabetes”)

AND (“randomized” OR “clinical trial” OR “cohort” OR “case series”);

- for cell-free approaches:

“exosome™*” OR “extracellular vesicle*” OR “small extracellular vesicle*”” OR “secretome”
OR “conditioned medium™)
AND (“umbilical cord mesenchymal stem cell*” OR “perinatal mesenchymal stem cell*”)
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AND (“diabetes” OR “diabetic rat*” OR “type 2 diabetes model”).

No language restrictions were applied; articles in other languages with an English abstract
were included if sufficient information was available for data extraction.

Additionally, a manual search was performed through the reference lists of relevant clinical
studies and meta-analyses on MSCs in diabetes and of key reviews on MSC-derived exosomes and
secretome in diabetes and its complications.

When relevant records were identified, clinical trial registries (e.g., ClinicalTrials.gov) were
also screened; however, only studies with published results were included in the analysis. No
language restrictions were applied, and articles in other languages were included if an English
abstract or sufficient data for extraction were available. In addition to the formal database search,
the reference lists of relevant clinical studies and meta-analyses on MSC therapy in diabetes, as
well as key reviews devoted to MSC-derived exosomes and secretome, were manually analyzed.
When relevant entries were identified, clinical trial registries were reviewed; however, only studies
with published results were included in the review.

Inclusion and exclusion criteria

The inclusion criteria for clinical studies were: a confirmed diagnosis of type 1 or type 2
diabetes mellitus, the use of perinatal MSCs (umbilical cord, placental, amniotic, or fetal) or
perinatal cell-free MSC derivatives as an intervention, the presence of diabetes-related outcomes
(such as HbAIlc, fasting and postprandial blood glucose, C-peptide level, insulin and oral
hypoglycemic drug requirements, parameters of B-cell function, or indicators of diabetic
complications), and a study design in the form of RCTs, controlled non-randomized studies, cohort
observations, or case series including at least five patients. The preclinical part of the review
included studies on animal models of type 1 or type 2 diabetes and their complications, in which
perinatal exosomes, extracellular vesicles, secretome, or conditioned medium from MSCs were
used as the intervention.

Studies were excluded if they investigated only bone marrow—derived or adipose tissue—
derived MSCs without a perinatal component, purely in vitro experiments without diabetic models,
single clinical case reports (fewer than five patients), review articles without original data, and
conference abstracts in the absence of a full-text publication.

Study selection and data extraction

Study selection was performed by two independent reviewers. At the first stage, they
screened the titles and abstracts of all records for relevance to the review topic and to the predefined
inclusion and exclusion criteria. At the second stage, the same reviewers assessed the full texts of
potentially relevant articles. Disagreements in study selection were resolved through discussion
until consensus was reached; if necessary, a third expert was consulted.

For all included clinical studies, data were extracted into a standardized form, capturing the
following variables: type of diabetes (T1DM/T2DM), age and key demographic characteristics,
disease duration, baseline and follow-up HbAlc values, glycemic control parameters (fasting and
postprandial blood glucose, C-peptide level), daily insulin dose and/or oral hypoglycemic drug use,
characteristics of the intervention (perinatal MSC source, total dose and dose per infusion, number
of infusions, regimen and route of administration), follow-up duration, and the frequency and
nature of adverse events and serious adverse events.

For non-randomized clinical studies, additional information was recorded on inclusion and
exclusion criteria, sampling methods, and the presence or absence of a comparable control group.
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In preclinical studies, the following were recorded: animal species and model, type and
perinatal source of the cell-free product (exosomes, small extracellular vesicles, secretome,
conditioned medium), dose and administration regimen, key metabolic outcomes (glycemia,
HbAlc, markers of insulin resistance) and organ-specific outcomes (wound healing rate, nephro-
and retinoprotective effects, etc.), as well as the proposed mechanisms of action.

At the identification stage, a total of 1,400 records were obtained through systematic
searching: from PubMed/MEDLINE (n = 520), Web of Science Core Collection (n = 380), Scopus
(n = 410) and Cochrane CENTRAL (n = 60), as well as from clinical trial registries
(ClinicalTrials.gov and others) (n = 30). Before screening, 420 duplicates and 20 records were
removed for technical reasons (incomplete bibliographic data, non-original materials, etc.), leaving
960 records for title and abstract screening.

At the title and abstract screening stage, 960 records were assessed for relevance to the review
topic; 870 publications were excluded as non-relevant (absence of diabetes or a diabetic model,
absence of MSCs or a perinatal source, review articles without original data). Ninety articles were
selected for full-text assessment, of which 4 full texts could not be retrieved (e.g., due to journal
inaccessibility or lack of response from authors). Thus, 86 studies were subjected to full-text
evaluation. After detailed analysis, 72 articles were excluded for the following reasons:

—use of only bone marrow—derived or adipose tissue—derived MSCs without a perinatal
component (n = 25);

—exclusively in vitro experiments without a diabetic animal model (n = 20);

—absence of diabetes-related outcomes (HbAlc, blood glucose, C-peptide, indicators of
diabetic complications, etc.) (n = 15);

—reviews, commentaries, conference abstracts without full-text publication, or duplicate data
from previously included studies (n = 12).

The final qualitative analysis included 14 studies, of which 6 were clinical (2 meta-analyses
of RCTs and 4 primary clinical studies of perinatal MSCs in T2DM) and 8 were preclinical studies
focusing on perinatal cell-free MSC derivatives (exosomes, small extracellular vesicles, secretome,
conditioned medium) in models of T2DM and its complications. For the meta-analyses, data were
extracted on the number of included RCTs, total sample size, MSC sources and key pooled effects
on HbAlc, C-peptide, insulin dose, fasting blood glucose, and safety profile, as well as
heterogeneity indices and subgroup analysis results by type of diabetes and MSC source. For
primary clinical studies of perinatal MSCs, the following were recorded separately: design,
country, inclusion criteria, type of diabetes, age and disease duration, characteristics of the perinatal
cell source, doses and number of administrations, route of administration, follow-up duration,
changes in glycemic control and B-cell function parameters, and the frequency and nature of
adverse events. Preclinical studies were analyzed according to model type, source and type of the
cell-free product, dosing, routes of administration, key metabolic and tissue outcomes, and
proposed mechanisms of action (Figure 1).
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Figure 1. Flow diagram of study selection according to PRISMA 2020

Risk of bias assessment

Risk of bias assessment for randomized controlled trials (RCTs) was based on the results
presented in meta-analyses performed using the Cochrane RoB 2 tool [19]. For randomized studies
not included in these meta-analyses, a qualitative assessment was conducted of the adequacy of
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randomization and allocation concealment, blinding, completeness of follow-up, and risk of
selective reporting.

For non-randomized clinical studies, the risk of bias was assessed using the ROBINS-I (Risk
Of Bias In Non-randomized Studies of Interventions) tool [20]. The analysis was performed for the
following domains: bias due to confounding; bias in selection of participants; bias in classification
of interventions; bias due to deviations from intended interventions; bias due to missing outcome
data; bias in measurement of outcomes; bias in selection of the reported result. For each domain,
the risk of bias was classified as low, moderate, serious, or critical. The overall risk of bias for an
individual study was determined by the worst judgement in any of the domains, provided that the
majority of the remaining domains did not have a lower level of risk.

Results

General characteristics of the included studies

As a result of the systematic search and two-stage selection process, 14 studies meeting the
review criteria were included. Of these, 6 were clinical studies of perinatal MSCs in type 1 and
type 2 diabetes mellitus (T1DM and T2DM), including two meta-analyses of randomized clinical
trials [21, 22] and four primary clinical studies of perinatal MSCs in patients with T2DM [23-26].
The remaining 8 studies were preclinical and focused on perinatal cell-free MSC derivatives
(exosomes, small extracellular vesicles, secretome and conditioned medium) in models of T2DM
and its complications - diabetic wounds, diabetic nephropathy and retinopathy [27-34].

Clinical studies geographically covered China, Indonesia, Malaysia and other Asian
countries [23-26]. The included patients were predominantly middle-aged adults with T2DM
duration ranging from several to more than 10 years; a separate pilot study evaluated placental
MSCs in patients with severe insulin-dependent T2DM [26]. The meta-analyses included both
T1DM and T2DM patients, which made it possible to partially assess potential differences in
effects by diabetes type [21, 22]. In all clinical studies, perinatal MSCs were administered
intravenously, as a single or repeated infusion, followed by 3 to 12 months of follow-up (Table 1).

Table 1. Clinical studies of perinatal MSCs in type 1 and type 2 diabetes mellitus (n = 6)

Ne | Authors, | Study type Population | Perinatal | Main Brief result /
year source outcomes conclusion
1 | Kashbour | Systematic Patients MSCs from | HbAlc, C- | MSC  therapy
M. et al., | review  and | with TIDM | various peptide, daily | reduces HbAlc
2025 [21] | meta-analysis | and T2DM | sources, insulin dose, | by about 0,72
of RCTs of| (13 RCTs, n | including fasting percentage
MSCs in [ = 507; 199 | umbilical glycemia, AEs | points,
TIDM/T2DM | T1DM, 308 | cord decreases
T2DM) insulin dose by
~14,5 units/day
and increases
C-peptide
without an

increase in the
rate of serious
AEs
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Nada
AH. et
al.,, 2025
[22]

Systematic
review  and
meta-analysis
of RCTs of
UC-MSCs

Patients
with T1DM
and T2DM
(8 RCTs, n
= 334,
172/162)

Umbilical
cord MSCs
(UC-
MSCs)

HbAlc,

C-

peptide, daily
insulin  dose,

AEs

UC-MSCs
reduce HbAlc
by about 1,06
percentage
points, decrease
insulin
requirements
(especially
T1DM); no
serious AEs
were reported

in

Zang L.
et al.,
2022 [23]

RCT, double-
blind, placebo-
controlled

Adults with
insulin-
dependent
T2DM (n =
91: 61 UC-
MSC, 30
placebo)

UC-MSCs
(3 1L.v.
infusions
of  1x10°
cells’kg at
4-week
intervals)

HbAlc, daily
insulin  dose,

insulin
resistance
(euglycemic
clamp)

In the UC-MSC
group, HbAIlc
<7% and >50%
reduction in
insulin dose
were more often
achieved (20%
%S 4,6%);
HbAlc
decreased
~—1,3% VS
—0,6% in the
placebo group;
improvement in
insulin
resistance;
serious AEs

by

no

Lian X.F.
et al.,
2022 [24]

Open-label
prospective
study

Patients
with T2DM
(n=16)

hUC-
MSCs (3
weekly 1i.v.
infusions
of 1x10°
cells/kg)

Glycemia,
HbAlc,
HOMA-B,
doses
glucose-
lowering
drugs

of

After three
infusions of
hUC-MSCs, a
decrease in
glycemia and
HbAlc,

improvement of
HOMA-B and
reduction of
doses of
glucose-

lowering drugs
were observed
in some
patients; no
serious adverse
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events
recorded

WEre

5 | Chin S.P.
et al.,
2025 [25]

Retrospective
registry-based
observational
study

Patients

with T2DM
(n = 218;
subgroup n
= 83 with
12-month

follow-up)

Allogeneic
UC-MSCs
(single 1.v.
infusion of
50—
100x10°
cells)

HbAlc,
insulin
resistance
indices
(insulin,
HOMA-IR),
lipid profile,
liver and
kidney
function,
inflammatory
markers

At 6 and 12
months, a
decrease in
HbAlc,
improvement in
insulin
resistance and
lipid  profile,
reduction in
inflammatory
markers, and
improvement in
liver and kidney
tests were
observed; no
serious adverse
events related to
UC-MSC
infusion
identified

WETe

6 | Jiang
XX, et
al., 2011
[26]

Open-label
pilot study

Patients
with severe
insulin-
dependent
T2DM (n =
10)

Placental
MSCs (3
1.V.
infusions
~1—
1,5x10¢
cells’kg at
1-month
intervals)

HbAlc, C-
peptide, daily
insulin dose

Daily  insulin
dose decreased
from 63,7 =+
18,7 to 34,7 +
13,4 units/day
(p<0,01), in
4/10 patients by
more than 50%;
HbAlc
decreased from
~9.8 to ~6,7%,
C-peptide
increased; no
serious AEs or
organ toxicity
were detected

Preclinical studies included T2DM models in rats and mice (diet-induced or streptozotocin-
induced diabetes), as well as models of diabetic complications: chronic skin wounds, diabetic
nephropathy, and retinopathy [27-34]. Perinatal MSC sources included umbilical cord (hUC-
MSC), Wharton’s jelly, placenta, and amniotic membrane; both purified exosomes/small
extracellular vesicles and secretome/conditioned medium were evaluated (Table 2).
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Table 2. Preclinical studies of perinatal cell-free MSC derivatives in diabetes mellitus and its

complications (n = 8)
Ne | Authors, Study | Populati Perinatal Main outcomes Brief result /
year type on source conclusion
I | Sun Y. et | Preclinic | Rats with | Exosomes Glycemia, UC-MSC
al., 2018 | alinvivo | induced | derived from | glucose tolerance | exosomes reduce
[27] study type 2 | human UC- | test, IRS- | glycemia,
diabetes | MSC 1/PI3K/Akt improve glucose
signaling, tolerance and
GLUT4 insulin
expression/transl | sensitivity,
ocation,  [B-cell | restore IRS-1/Akt
apoptosis signaling,
enhance GLUT4
translocation, and
protect  B-cells
from apoptosis
2 | Yap S.K. et | Preclinic | Rats with | Small HbAlc, UC-MSC  sEV
al., 2022 | alinvivo | a type 2 | extracellular | glycemia, insulin | improve insulin
[28] study diabetes | vesicles resistance, resistance,
model (sEV) from | morphology of | decrease HbAlc
UC-MSC the pancreas, | and  glycemia,
liver, and kidneys | and normalize the
histological
structure of the
pancreas and
target organs
without signs of
hepato- or
nephrotoxicity
3 | Widyanings | Preclinic | Rats with | Secretome Glycemia, MSC secretome
ih /| alinvivo | a type 2 | of hypoxia- | markers of | reduces
Wulandari | study diabetes | precondition | oxidative stress | hyperglycemia,
et al. [29] model ed MSCs and decreases
inflammation, oxidative stress
histology of the | and inflammation
pancreas and | (reduced IL-6 and
liver shift of
macrophages
toward the M2
phenotype
(CD163)), and
improves the
histological
picture of the
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pancreas and
liver
Hendrawan | Preclinic | Cell Conditioned | Wound healing | hUC-MSC
S. et al,|al in | models medium rate, conditioned
2021 [30] vitro +in | and (CM) from | epithelialization, | medium
Vivo animals | hUC-MSC | collagen accelerates
study with formation healing of
diabetic diabetic wounds,
wounds improves
epithelialization
and collagen
formation,
confirming the
therapeutic
potential of the
secretome
Ormazabal | Preclinic | Mice with | Secretome Wound healing | Secretome of
V. et al., |alinvivo | type 2 | of rate, vascular | endothelial MSC
2022 [31] study diabetes | endothelial | density,  tissue | derivatives
and cells perfusion accelerates
diabetic differentiate wound closure,
wounds d from enhances
MSCs angiogenesis, and
(perinatal improves
source) microvascular
perfusion under
diabetic
conditions
Yang J. et | Preclinic | Rats with | hUC-MSC | Wound closure | Combination of
al., 2020 | al in vivo | chronic exosomes rate, structure of | hUC-MSC exos
[32] study diabetic incorporated | granulation + PF-127 gel
wounds into a PF- | tissue, significantly
127 gel inflammatory accelerates
markers healing of
diabetic wounds,
improves the
quality of
granulation
tissue, and
reduces the level
of inflammation
Wang Y. et | Preclinic | Mouse Exosomes Proteinuria, renal | hUC-MSC-Exo
al., 2023 | al invivo | models of | derived from | function attenuate
[33] and in | diabetic human UC- | parameters, manifestations of
kidney inflammatory and | DKD, reduce
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vitro disease MSC (hUC- | fibrotic markers, | inflammation and
study (DKD) MSC-Exo) | NLRP3 activation of the
and cell inflammasome NLRP3
models inflammasome,
protect renal
tissue, and reduce
fibrosis
8 | Kim H. et | Preclinic | Rats with | Exosome- Vascular ERCM from
al., 2023 | alinvivo | diabetic enriched permeability, amniotic  stem
[34] study retinopat | conditioned | inflammatory cells prevents or
hy medium markers, retinal | alleviates the
(preventi | (ERCM) morphology development of
ve model) | from signs of diabetic
amniotic retinopathy,
membrane reduces
stem cells inflammation and
vascular
permeability in
the retina

Clinical studies of perinatal MSCs in TIDM and T2DM

Meta-analyses of randomized clinical trials

The meta-analysis by Kashbour et al. included 13 randomized controlled trials with a total of
507 patients (199 with TIDM and 308 with T2DM), in which MSCs from various sources were
used, including perinatal MSCs [21]. Compared with standard therapy, MSC therapy was
associated with a reduction in HbAlc by 0.72 percentage points, a decrease in the daily insulin
dose by approximately 14.6 IU/day, and an increase in C-peptide levels. At the same time, no
significant changes in fasting glycemia were noted, which indicates a predominant effect on long-
term glycemic control and B-cell function. The frequency of serious adverse events did not differ
from the control group, and the reported adverse effects were mild or moderate and self-limiting
(hypoglycemic episodes in the context of insulin dose reduction, transient local reactions) [21].

The meta-analysis by Nada et al. focused exclusively on umbilical cord MSCs (UC-MSCs)
and included 8 randomized clinical trials involving 334 patients (172 in the UC-MSC groups and
162 in the control groups) [22]. In this analysis, the reduction in HbA1c¢ was more pronounced and
amounted to 1.06 percentage points, which may reflect a more homogeneous population and a
single perinatal cell source. UC-MSCs also significantly reduced insulin requirements, especially
in patients with TIDM, and increased C-peptide levels, which is consistent with the assumption of
partial preservation or restoration of B-cell function. The safety profile was assessed as favorable:
no serious adverse events related to the intervention were identified, and the overall incidence of
adverse events did not differ from the control [22]. Both meta-analyses noted substantial
methodological heterogeneity of the primary studies (differences in MSC sources, doses,
administration regimens, and concomitant therapy protocols), which limits the possibility of
formulating standardized recommendations for clinical use.

Primary clinical studies in T2DM

Randomized double-blind placebo-controlled trial by Zang et al. evaluated the efficacy of
three intravenous infusions of UC-MSCs (1x10¢ cells/kg at 4-week intervals) in 91 adult patients
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with insulin-dependent T2DM [23]. At 12 months of follow-up, the UC-MSC group more
frequently achieved the combined goals of HbAlc <7% and >50% reduction in daily insulin dose
compared with placebo (20% vs. 4.6%). The mean reduction in HbA 1c was about 1.3% in the UC-
MSC group and 0.6% in the placebo group, with improvement in insulin resistance indices
(according to euglycemic clamp data) [23]. No serious adverse events were recorded; most side
effects were mild and transient.

In an open prospective study by Lian et al., 16 patients with T2DM received three weekly
intravenous infusions of hUC-MSCs at a dose of 1x10¢ cells/kg [24]. Over 12 months of follow-
up, some patients showed reductions in glycemia and HbA Ic, improvement in the HOMA-f index,
and decreases in doses of glucose-lowering medications. Although the lack of a control group and
the small sample size do not allow definitive conclusions about the magnitude of the effect, the
results support the potential ability of UC-MSCs to improve B-cell function and glycemic control
in patients with T2DM [24].

A retrospective registry study by Chin et al. included 218 patients with T2DM who received
a single infusion of allogeneic UC-MSCs (50—-100x10° cells), with outcomes assessed at 6 and 12
months [25]. Patients showed reductions in HbA 1c, improvement in insulin resistance parameters
(insulin, HOMA-IR), favorable changes in lipid profile, as well as improved liver and kidney
function and reduced inflammatory markers. No serious adverse events that could be attributed to
the UC-MSC infusion were recorded [25]. Despite the observational nature of the study and the
possible influence of concomitant therapy, these real-world data complement the results of RCTs,
indicating the potential efficacy and safety of UC-MSCs in T2DM.

A special place is occupied by a pilot open study by Jiang et al., in which 10 patients with
severe insulin-dependent T2DM received three intravenous infusions of placental MSCs at 1-
month intervals [26]. By 6 months of follow-up, the daily insulin dose decreased on average from
63.7 £ 18.7 to 34.7 = 13.4 IU/day (p<0.01), with four patients experiencing a reduction in dose of
more than 50%. HbA 1c decreased from approximately 9.8 to 6.7%, and C-peptide levels increased
[26]. At the same time, there were no signs of hepato- or nephrotoxicity, severe infusion reactions,
or other serious complications, which underscores the potential safety of placental MSCs even in
severely ill patients.

In all clinical studies, common limitations included small sample sizes, variability in doses
and administration regimens, lack of standardized long-term safety monitoring, and, in some cases,
absence of control groups. Clinical studies in which patients with TIDM or T2DM would receive
perinatal cell-free MSC-derived products (exosomes, secretome, conditioned medium) were not
identified at the time of the search.

Preclinical studies of perinatal cell-free MSC derivatives

Exosomes and small extracellular vesicles in T2DM

In the study by Sun et al., exosomes isolated from hUC-MSCs were administered to rats with
a model of T2DM [27]. The treatment was accompanied by a reduction in glycemia and
improvement in glucose tolerance test results, restoration of IRS-1/PI3K/Akt signaling pathways,
enhanced GLUT4 translocation, and decreased B-cell apoptosis. These data support the concept
that perinatal MSC-derived exosomes are capable of simultaneously improving insulin sensitivity
of peripheral tissues and protecting B-cells.

The preclinical study by Yap et al. showed that small extracellular vesicles (small EVs)
obtained from hUC-MSCs in a rat model of T2DM reduce HbAlc and glycemia, improve insulin
resistance, and normalize the morphology of the pancreas, liver, and kidneys without signs of
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hepato- or nephrotoxicity [28]. Thus, the effects of small EVs are generally consistent with the
results for exosomes, indicating a key role of perinatal extracellular vesicles in the modulation of
metabolism and organ protection in T2DM.

The secretome of hypoxically preconditioned MSCs in the study by Widyaningsih et al. also
demonstrated a pronounced antihyperglycemic and anti-inflammatory effect in rats with a T2DM
model: blood glucose levels decreased, markers of oxidative stress and inflammation (including
IL-6) were reduced, a shift of macrophages toward the anti-inflammatory M2 phenotype (CD163)
was observed, and the histological picture of the pancreas and liver improved [29]. hese results
underscore the importance of optimizing MSC preconditioning conditions to enhance their
secretory potential.

Perinatal cell-free products in diabetic wounds

A number of studies have evaluated the effects of perinatal MSC-derived cell-free products
on the healing of diabetic wounds. Hendrawan et al. showed that hUC-MSC-conditioned medium
accelerates the healing of skin wounds in rats with induced diabetes by increasing the rate of wound
area contraction, improving re-epithelialization and collagen formation according to histological
analysis [30]. These effects were accompanied by improved quality of granulation tissue without
signs of local or systemic toxicity.

Ormazabal et al. used the secretome of endothelial cells differentiated from perinatal MSCs
in a model of diabetic wounds in mice with type 2 diabetes [31]. The secretome accelerated wound
closure, improved the structure of the newly formed skin and was enriched with angiogenic factors
(VEGF-C, Ang-1/Ang-2, FGF-7, MMP-9), indicating an indirect enhancement of angiogenesis and
microvascular perfusion under diabetic conditions.

Yang et al. demonstrated that hUC-MSC-derived exosomes incorporated into the
thermosensitive hydrogel Pluronic F127 significantly accelerate the healing of chronic diabetic
wounds in rats, promote the formation of higher-quality granulation tissue, increase vascular
density and reduce the severity of inflammation; in a number of cases, the regenerated skin was
structurally close to normal [32]. The combined use of the hydrogel and exosomes provided more
prolonged local release of biologically active factors compared with administration of exosomes
alone.

Exosomes of perinatal MSCs in diabetic nephropathy

In the study by Wang et al., exosomes from hUC-MSCs were investigated in in vivo and in
vitro models of diabetic nephropathy (DKD) [33]. Administration of HUC-MSC-Exo to mice with
DKD led to a reduction in proteinuria, improvement of renal function parameters, decreased
inflammation and fibrosis, as well as suppression of NLRP3 inflammasome activation in kidney
tissue. In cell models, a decrease in apoptosis and inflammatory signaling was observed. These
data indicate that perinatal MSC-derived exosomes may represent a promising cell-free approach
to the prevention and treatment of diabetic nephropathy.

Exosome-enriched conditioned medium in diabetic retinopathy

The study by Kim et al. focused on the preventive effects of exosome-enriched conditioned
medium (ERCM) from the amniotic membrane in a rat model of diabetic retinopathy [34].
Subconjunctival administration of ERCM reduced vascular permeability and inflammation in the
retina, slowed the development of typical morphological features of diabetic retinopathy, and
partially preserved functional parameters according to electroretinography. These results
demonstrate the potential of perinatal cell-free products for protecting target organs in diabetes - in
this case, the neural retina and microvessels of the eye.
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Risk of bias assessment using ROBINS-1

Risk of bias assessment using ROBINS-I showed that all three non-randomized studies had
at least a serious risk of bias due to confounding and selection of participants. In the studies by
Lian et al. [24] and Jiang et al. [26] this was due to the absence of a control group, open-label
design and small sample size, while in the registry study by Chin et al. [25] it was related to the
retrospective nature of the study and incomplete 12-month follow-up data. At the same time, the
interventions were clearly classified, and the outcomes were measured using objective laboratory
methods, which reduced the risk of bias in the corresponding domains. Overall, all three studies
were classified as having a serious overall risk of bias, which should be taken into account when
interpreting their results (Table 3).

Table 3. Assessment of risk of bias in non-randomized clinical studies using the ROBINS-I tool

ROBINS-I Lian et al., 2022 [24] Chin et al., 2025 [25] Jiang Jiang et al.,
domain (n=16) (n=218) 2011 [26] (n=10)
Bias due to Serious — no control, Serious — no control, Serious — severely ill

confounding possible changes in possible physician- patients, no

standard therapy

driven patient selection

comparable group

Bias in selection
of participants

Serious — convenience
sample, small n

Serious — retrospective
inclusion, incomplete
registry cohort

Serious — pilot study,
inclusion based on
clinical
appropriateness

Classification of
interventions

Low — administration
regimen standardized

Low — single infusion of
50-100x10° UC-MSC

Low — homogeneous
regimen of three
infusions

Deviations from

Moderate — open-label

Moderate — concomitant

Moderate — open-

intended design, possible therapy varies label design, possible
interventions changes in patient adaptations of therapy
behavior
Missing data Moderate — limited Serious — not all patients Moderate — short

sample size, potential

had 12-month data

follow-up, possible

losses missing data
Measurement of Low — objective Low — routine Low — HbAlc, C-
outcomes laboratory parameters standardized peptide, insulin doses
measurements are objective
Selection of Moderate — open-label Moderate/serious — Moderate — pilot
reported results | design, risk of selective | retrospective analysis, without prespecified
reporting partial reporting protocol
Overall risk of Serious Serious Serious
bias

Discussion. The present systematic review has shown that perinatal mesenchymal
stem/stromal cells, predominantly umbilical cord—derived (UC-MSCs), provide a moderate but
clinically meaningful improvement in glycemic control and B-cell function parameters in patients
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with TIDM and T2DM, with a favorable short-term safety profile. At the same time, the evidence
base for perinatal cell-free MSC derivatives (exosomes, small extracellular vesicles, secretome and
conditioned medium) is limited to preclinical models and lacks clinical confirmation.

The pooled results of meta-analyses [21, 22] confirm that MSC therapy as a whole leads to
a decrease in HbAlc, a reduction in insulin requirements, and an increase in C-peptide levels in
patients with TIDM/T2DM. These data are generally consistent with earlier meta-analyses by He
et al. [13] and Sun et al. [14], which also demonstrated improvement in glycemic control
parameters with MSC use in patients with diabetes. However, those studies [13, 14] considered
MSCs from various sources and did not perform a separate analysis of perinatal MSCs and their
derivatives. In contrast, the present review focuses specifically on perinatal tissues and their cell-
free products, which makes it possible to more clearly assess the contribution of this specific MSC
population to the modification of TIDM/T2DM course and its complications. However, the meta-
analysis by Kashbour et al. [21], which included MSCs from various sources (bone marrow,
adipose tissue, umbilical cord, etc.), showed a more modest HbAlc reduction (~0.72 percentage
points), whereas the meta-analysis by Nada et al., focused exclusively on UC-MSCs, demonstrated
a more pronounced effect (~1.06 percentage points) [22]. This indirectly suggests that perinatal
MSCs may have at least no lower, and possibly a more pronounced, efficacy on key diabetes-
oriented outcomes compared with MSCs from other sources.

The first clinical studies of perinatal MSCs in T2DM [23-26] complement the meta-analytic
data and allow the magnitude of the effect to be specified in real-world populations. In a
randomized double-blind trial by Zang et al. [23] three intravenous infusions of UC-MSCs led to
an HbAlc reduction of approximately 1.3% and a >50% decrease in daily insulin dose in a
substantial proportion of patients compared with placebo. A pilot study of placental MSCs in
patients with severe insulin-dependent T2DM [26] demonstrated comparable changes in
magnitude: a decrease in HbAlc from ~9.8 to ~6.7% and more than a 50% reduction in insulin
dose in a subset of patients. Observational registry data from Chin et al. [25] confirm that a single
UC-MSC infusion is associated with sustained HbAlc reduction and improvement in insulin
resistance over 6—12 months.

Taken together, these results are comparable in clinical relevance to the addition of another
modern glucose-lowering agent, but MSC therapy acts simultaneously on several pathogenetic
pathways—B-cell function, insulin resistance and chronic inflammation — whereas most
pharmacological classes target a more limited spectrum of mechanisms. At the same time, it is
important to emphasize that for TIDM the evidence base remains more fragmentary and is mainly
based on meta-analytic pooling of heterogeneous studies [13, 14, 21, 22]. The more pronounced
reduction in insulin requirements in the UC-MSC subgroups in the meta-analysis by Nada et al.
[22] may indicate the potential for partial preservation of residual B-cell function with early
intervention; however, the durability of this effect and its relationship to modification of the
autoimmune process require long-term randomized studies. In contrast to T2DM, where perinatal
MSCs mainly affect insulin resistance and residual B-cell secretory activity, in TIDM the key
limitation remains the autoimmune component, which complicates data extrapolation.

Potential mechanisms and the role of perinatal origin

Perinatal tissues are characterized by high proliferative activity of MSCs, a more “young”
phenotype, and a rich secretory profile compared with bone marrow— and adipose tissue—derived
MSC:s. This is reflected in preclinical studies of perinatal cell-free products. Exosomes and small
extracellular vesicles derived from UC-MSCs in rat models of T2DM not only reduce glycemia
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and HbAlc but also restore key elements of insulin signaling (IRS-1/PI3K/Akt, GLUT4
translocation) and protect -cells from apoptosis [27, 28].

The secretome of hypoxia-preconditioned MSCs demonstrates a pronounced anti-
inflammatory and antioxidant effect, accompanied by a shift of macrophages toward the M2
phenotype and improvement of pancreatic and hepatic morphology [29]. These data support the
concept that a significant proportion of the therapeutic effects of perinatal MSCs is mediated
through paracrine factors and extracellular vesicles rather than through long-term cell engraftment.

Preclinical studies on diabetic complications [30-34] also emphasize the pleiotropic effects
of perinatal cell-free products: acceleration of diabetic wound healing with enhanced angiogenesis
and remodeling of the extracellular matrix [30-32], a nephroprotective effect with suppression of
inflammation and NLRP3 inflammasome activation in diabetic nephropathy [33], as well as
reduced vascular permeability and inflammation in the retina in models of diabetic retinopathy
[34]. The presence of effects on various target organs is consistent with the systemic nature of the
paracrine action of perinatal MSCs and their derivatives.

Clinical significance and place in the therapy of TID and T2D

From a practical standpoint, a reduction in HbAlc by 0.8-1.3% and a 30-50% decrease in
insulin requirements over 6—12 months of follow-up with a favorable safety profile appear
clinically meaningful, especially for patients with long-standing T2D and pronounced insulin
resistance, in whom options for optimizing standard pharmacotherapy are limited. In T1D, the data
are currently more fragmented and primarily based on meta-analytic pooling of different MSC
sources [21, 22]. Nonetheless, the more pronounced reduction in insulin requirements in UC-MSC
subgroups [22] may reflect the potential for partial preservation of residual B-cell function with
early intervention.

At the same time, it is important to emphasize that most of the included clinical studies
consider perinatal MSCs as an additional option to standard therapy rather than a replacement. At
the current stage of evidence development, MSC therapy should be regarded as a potentially
beneficial adjuvant approach in carefully selected high-risk patients, rather than as a universal
solution for all individuals with T1D/T2D.

Prospects for cell-free perinatal products

Despite compelling preclinical data, no clinical studies were identified at the time of the
search in which patients with T1D or T2D received perinatal exosomes, small extracellular
vesicles, secretome, or conditioned medium. This reflects a substantial translational gap between
the preclinical and clinical levels.

On the one hand, cell-free products offer potential advantages over whole-cell MSC
preparations: simpler control over dose and composition, absence of the risk of uncontrolled cell
proliferation and differentiation, and the possibility of industrial scale-up and standardization (for
example, in the form of ready-to-use medicinal products for systemic or local administration). On
the other hand, standardization of methods for isolation, purification, and quantitative assessment
of exosomes and secretome remains an unresolved challenge. There are no generally accepted
criteria of “potency” for such products, and the optimal doses, routes of administration, treatment
frequency, and duration for different diabetes phenotypes and its complications have not been
defined.

Furthermore, most preclinical studies use relatively short-term rodent models of diabetes
with limited comparability to long-standing T2D and its complications in humans. This necessitates
caution when extrapolating the obtained results to clinical practice.
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Study limitations. Strengths and limitations. The present review is focused specifically on
perinatal MSCs and their cell-free derivatives in TID and T2D and integrates clinical data on
whole-cell MSC therapy with preclinical results on exosomes and the secretome, which makes it
possible to trace the potential transition from cell-based to cell-free approaches. At the same time,
the available studies are limited by small sample sizes, heterogeneity of designs and dosages, short
follow-up periods and incomplete assessment of long-term safety, whereas preclinical studies are
characterized by variability of models, routes of administration, and insufficient standardization of
exosome and secretome characteristics, without direct comparisons with MSCs from other sources.

Conclusion. The conducted systematic review showed that perinatal MSCs, primarily UC-
MSCs, in clinical studies provide a moderate but clinically meaningful improvement in glycemic
control and B-cell function in T1D and T2D against the background of a favorable short-term safety
profile. Preclinical data on perinatal cell-free MSC derivatives (exosomes, small extracellular
vesicles, secretome, conditioned medium) demonstrate pronounced metabolic and organ-protective
effects and highlight the key role of paracrine mechanisms. Taken together, these findings indicate
the promise of a transition from whole-cell perinatal MSC therapy to standardized cell-free
products; however, the lack of clinical studies of cell-free derivatives and the methodological
limitations of existing studies currently do not allow recommending them for routine practice.
Large randomized trials with long-term follow-up and standardization of technologies for obtaining

perinatal cellular and cell-free products are needed.
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Tyiiingeme

Kipicne. 1 xone 2 tunti kaut nuaberi (KII) aypymasablK MeH ©TIM-KITIMHIH JKETEKIIi
cebenTepidiy Oipi OosbIm Kanma Oepemi, al HayKacTapAblH €1oyip Oesiri Ka3ipri 3amaHayu
¢dapmakorepanus asiceiHAa ga HbAlc-TbIH HbICaHanbl JCHreWepiHE JKETe aJIMaiJibl.
[lepunatanapl Me3eHXUMaNAbl OaraHanbl Jkacymanap (MBXX) sxoHe onmapaplH JKacyIiachl3
TYBIHIBIIAPE aWKBIH UMMYHOMOIYJISIUSUIBIK KOHE TPO(MUKAIBIK ocepiiepre ue KoHe auader
arbIMBIH MOJIM(UKAIMSIAYIBIH OOIaIaFsl 30p TOCLI PETIHIE KapacThIPhLIYIa.

MakcaTtsl. [Tepunaranaer MBX xonnansuiran K[ 1 xone K/ 2 ke3iHgeri KIMHHKAIBIK
JepPEeKTepl KyHeIeHaIpy KOHE TUaleT TIeH OHBIH aCKbIHYJIaphl Ke3iH e nepuHaTanabl MbBIK-Hb1H
JKacymiachl3 eHIMAepl (9K30ocoMamap, IMAFbIH JKAaCymafaH ThIC BE3WKYJajiap, CEKPEeToM,
KOHIUIMSJIAaHFaH opTa) OOMBIHINA TOKITUHUKAIBIK HOTHKEJIEP Il KOPBITY.

Marepuannap men aaicrep. XKyiieni momy PRISMA 2020 ycwhiHBIMIOapblHa CoiKec
opeiHpanabl. [3aey 2000 >xputFbl Ka"Tapgaan 2025 KbeUTFbl 3 KazaHFa JEHWIHTI KE3€HJE HETi3Ti
XaJIbIKapalblK OMOMEINIMHANIBIK JepeKKopiapaa TUILik mekreycis xyprizinai. K 1/ K 2 6ap
Haykactapra nepunatanisl MBXX HeMece onapabIH jkacylackl3 TybIHAbLIAPHI KOJIaHBUIFAH )KOHE
nuabeTke OarbITTaNIFaH  HOTWKeNepi Oap KIMHHUKAIBIK 3epTTeyliep, COoHAai-ak aualer
MoJieb/IepiHe MepuHATAbl dK30CcOManap, ’KacyllaJlaH ThIC BE3UKyjajap, CEKpETOM HEMece
KOHJWIMSUIAHFaH OpTa Mai1anaHblUIFaH JOKIMHUKAIBIK )KYMBICTAp €HTI1311.

Horuxenep. omyra 14 3eprrey (6 KIMHHMKANBIK, 8 KIMHWUKAara JEWIHT1) EHTI3UIIIL.
Pangomu3anusuianrad 3epTTeyIepaiH MeTa-Talaayapbl MepuHATAIILl KO3[ep/Ii Koca ajaFaHfa,
MBX-tepanus HbAlc-Thl mamamen | malbI3bIK MYHKTKE TOMEHJIETETIHIH, HHCYJWH 103aChIH
azalTaTeiHBIH JkoHe C-menTux JCHrediH apTTHIPATBIHBIH, OYJ pEeTTe ayblp JKaFbIMCHI3
KYOBUTBICTap IbIH KULTITT ecneiTiHiH KopceTTi. K/ 2 ke3inae nepunatanast MBX kongansuiran
KIMHUKAIBIK 3eprreyiep HbAlc-teiH 1-3%-Fa TeMeHeyiH %KoHEe MHCYIUHIe KaKETTITIKTIH 30—
50%-fa azaioblH, COHBIMEH KaTap WHCYJWHIE PE3UCTEHTTUIIK KOPCETKIIITEPiHIH KaKcapFaHbIH
KopceTTi. JIOKIMHUKANBIK JKYMBICTap TEPUHATANABI 3K30COMajiap, IIAFBIH KACYIIaJaH ThIC
BE3UKYyJIAIap JKOHE CEKPETOM HHCYJWHTE PE3MCTCHTTUIKTI JKaKCapTaThIHBIH, [-)Kacyliamap/Isl
KOPFalTBIHBIH, JUA0CTTIK  JKapalapJblH JKa3bUIYbIH  JKCIENIETETIHIH kKoHE  Hedpo-,
PETHHOMPOTEKTUBTIK 9Cep KaMTaMachl3 eTeTiHiH KepceTTi. KaHnT nuaberi Ke3iHae nepuHaTaiabl
KacyIlackl3 OHIMIEpre apHalFaH KIMHUKAJIBIK 3epTTEYJIep 13/Iey COTIH/Ie aHBIKTAJIFaH JKOK.

Kopsoithinabl. [lepunatanast MBXK, en anapimen UC-MSC, kinaukainsik 3eprreyiepae K/
1 sxone KJI 2 xe3inae TIUKEMISUIBIK OakplIayAblH opTaila, Oipak KIMHUKAJIBIK TYPFhIIAH MOH]I
JKaKCapyblH KaMTaMachl3 €Telll JKOHE KbICKa Mep3iMIl Kayirnci3mik mpoduiai KOsl
[Mepunaranapr MBXK-HBIH JKacymiachl3 TYBIHIBUIAPHI OOWBIHINA JOKIMHUKAIBIK JEPEKTEp
MapakpuHIIK MEXaHU3MJIEPAIH HETI3T1 pejiH JKOHE CTaHAapTHU3aIlUsJIaHFaH KacyIlachl3
npernapaTTapAblH MEePCIeKTUBAIBI €KEHIH pacTaiibl, OYJI paHIOMHU3aIUsIaHFaH KIWHUKAJIBIK
3epTTeyiepe KOChIMINA pacTayabl Tajlam eTell.

Tyiinai ce3mep: 1 Tunti kKant guaberi, 2 TUNTI KAHT JuabeTi, MeE3eHXUMAIIbI
OaraHaJIbI/CTPOMAJIIBIK JKacylanap, KiHAIK OaybIHBIH ME3CHXUMAaJAbl OaraHalbl JKacyllaiaphl,
KacyIagaH ThIC BE3UKYJIANap, KaCyIIaIbIK-TIHIIK TepaIHsl.

NEPUHATAJIBHBIE ME3EHXUMAJIBHBIE CTBOJIOBBIE KJIETKHU U KX
BECKJIETOUYHBIE TPONU3BO/JHBIE IPU CAXAPHOM JUABETE 1 1 2 TUIIA:
CUCTEMATHUYECKHU OB30P
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AM.TAHUHA !, A.B. AXAEBA !, AJK. KYHYCOB !, A.X. JKAKYTIOBA !,
O.B. VJIbSIHOBA !, J.B. KO3MHA !, 1.P.®AXPAJIUEB 2

' AO «HanuonambHbIi Hay4HbIA MEIULIUHCKUHN 1IeHTp», AcTaHa, Kazaxcran
2HAO «Ka3zaxckuii HaHOHATIBHBIA MeTHIIMHCKHIH yuuBepcuteT umeHu C.JI. Achenmusponay,
Anmartel, Kazaxcran

AHHOTaNUA

BBenenue. Caxapupiii amaber 1 w 2 Tuma ocraercs OJHOM W3 BEOyIIUX NPUYUH
3200JIeBa€MOCTH W CMEpPTHOCTH, a 3HAYUTENbHAs YacTh MAllMEHTOB HE JIOCTUTACT IEIEBBIX
ypoBaeit HbAlc naxe Ha ¢QoHe coBpemeHHod (apmakorepanun. [lepuHaranbHbIE
Me3eHxuMalbHble cTpoManbHbie kKieTku (MCK) u ux OeckieToyHble MPOU3BOJIHBIC 00TaJar0T
BBIPQXECHHBIMU UMMYHOMOIYJUPYIOIIUMU U TpopuueckiuMu 3¢ (heKTaMu 1 pacCMaTpUBAIOTCS KakK
MEPCIIEKTUBHBINA TOIX0]] K MOAU(DUKAIINY TEUCHUs qruabdera.

Heap. CucreMaTu3npoBaTh KJIMHUYECKUE JAaHHbBIE MO MPUMEHEHUIO nepuHaTaibHbix MCK
npu C/{1 u C[A2 u 0600ImuUTh TOKIMHUYECKUE PE3YNIbTaThl MO MEPUHATAIBHBIM OECKICTOYHBIM
npoaykram MCK (3k30coMbl, Majible BHEKJIETOYHBIE BE3UKYJIbI, CEKPETOM, KOHIUIIMOHUPOBAHHAS
cpena) mpu AuadeTe U ero OCIOKHEHUSX.

Marepuanbl U MeToabl. CucTteMaTHYeCKWid 0030p BBIMOTHEH B COOTBETCTBHH C
pexomenpauuamu  PRISMA  2020. Ilouck npoBOAMIM B OCHOBHBIX MEXAYHapOIHBIX
OmoMeTMIIMHCKUX 0a3ax maHHbIX 3a nmepuo ¢ ssuBaps 2000 r. o 3 okts0ps 2025 r. 6€3 sI3bIKOBBIX
orpannueHui. Bkmouanmu knmHMuYeckue uccnenoBanus CI/CHA2 ¢ npumeHeHHEM
nepuHataidbHblx MCK unm ux OecKJIeTOYHBIX NMPOU3BOAHBIX U JTMAOET-OpUEHTHUPOBAHHBIMU
UCXOJaMH, a TaKXe JOKIMHHYecKHe paboThl Ha MOJeNsX AuabeTa C HCIOIb30BAHHEM
NEepUHATATBHBIX HK30COM, BHEKJICTOYHBIX BE3UKYJI, CEKPETOMA U KOHIUIIMOHUPOBAHHOM Cpeibl.

PesyabTaThl. B 0030p BKiItOUueHO 14 nccnenoBanuit (6 KIMHUYECKUX, 8 TOKIMHHUYECKUX).
Mera-aHann3bl paHIOMU3UPOBAHHBIX HcCclenoBaHUM mokazanu, uyto MCK-tepanus, Brirovas
NepUHATAIbHBIE MCTOYHUKH, CcHUkaeT HbAlc Ha ~1 MpOUEHTHBIM MYHKT, YMEHBIIAET 03y
MHCYJIMHA U noBbImaeT C-nentuj 6e3 yBeInueHUs YaCTOThI CEPbEe3HBIX HEXKeNIaTeNbHbIX SBJICHUI.
Knunnueckue uccnenoBanust nepuHaraibabix MCK npu C/12 nemoncTpupytoT cHmkenue HbAlc
Ha 1-3% u ymeHbleHre notpedHocty B uHCynuHe Ha 30-50% ¢ 0JHOBpPEMEHHBIM YIyUIIeHUEM
MOKa3aTenei MHCYTUHOPE3UCTEHTHOCTH. JlokimHnYeckue paboThl TOKa3aiH, YTO epUHATATILHBIC
9K30COMBI, Majible BHEKJIETOYHBIE BE3UKYJIBI U CEKPETOM YJIyUIIaloT MHCYJIHMHOPE3UCTEHTHOCTD,
3alIUIIAIOT [-KJIETKH, YCKOPSIOT 3aKUBJICHHE TUA0CTHUECKUX paH M 00EeClednBaioT HEPpo- U
PETUHONPOTEKTUBHBIN A dekT. KinHuuecknx wuccnenoBaHuil NepUHATAIbHBIX OECKIECTOYHBIX
npoaykToB rpu C/] Ha MOMEHT MoucKa He BBISIBICHO.

3axiawouenue. Ilepunaraneasie MCK, npexne Bcero UC-MSC, B KIMHHYECKUX
UCCIICIOBAHMIX  OOECIEUMBAIOT yMEpPEHHOE, HO KIWHUYECKH 3HAYUMOE YIydllICHHE
rimukeMuueckoro KoHTposs npu CII1 u CJ12 npu 6aronpusiTHOW KpaTKOCPOYHON 0€30MaCHOCTH.
JIOKJIIMHWYEeCKUE NaHHbIE MO MePUHATAIBLHBIM OCECKJIETOYHBIM IMPOW3BOJHBIM IOATBEPIKIAIOT
KIIOYEBYIO POJb TMAapakKpUHHBIX MEXaHW3MOB M TEPCHEKTUBHOCTh CTaHIAPTHU30BAHHBIX
OECKJIETOYHBIX MPENapaTroB, yTo TpeOyeT MOATBEPKACHHS B PaHIOMHU3UPOBAHHBIX KIMHUYECKUX
UCCJIETOBaHUSIX.
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KuoueBble ciioBa: caxapHblii auabder 1 Tuma; caxapHslid 1uadeT 2 ThMa; Me3eHXUMaJIbHbBIS
CTBOJIOBBIG/ CTpOMaJIBHBIe KIJIICTKHU, HyHOBI/IHHBIe MEC3CHXNMAJIBHBIC CTBOJIOBEIC KIJIICTKH,
BHEKJICTOUHBIC BE3UKYJIbI; KJIETOUHO-TKAHEBAs TePaIHsl.
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