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The objective of this review is to systematize and summarize the available literature data on the problem of
sarcopenia in patients with type 1 diabetes mellitus (DM 1). Sarcopenia is a progressive and generalized dis-
ease characterized by loss of muscle mass, strength, and decreased skeletal muscle function. More and more
data reflecting the deterioration of a muscle mass condition and decreased muscle function and strength in
patients with DM 1 have accumulated over the past few years. A hypothesis concerning impaired muscle con-
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dition and function in young patients with DM is put forward, thus, diabetic sarcopenia can be considered as
a direct complication of DM 1.

Currently, diagnostics is based on the clinical algorithm proposed in the consensus of the European Working
Group on Sarcopenia in Older People in 2019 (EWGSOP2). Despite numerous studies on sarcopenia, the issue
of validated biomarkers used for early diagnosis and monitoring of sarcopenia remains unresolved.
Keywords. Sarcopenia, type 1 diabetes mellitus, complications of diabetes.

CuCTEMATU3UPOBAHE! U 0O0OIIEHB UMEIOMHUECS B JIUTEPATYPE AAHHBIE 110 IPOOJIEME CAPKOIIEHNH Y IIALIUEH-
TOB C CcaxapHbIM suaderom 1-ro tina (CJ, 1). CapxomeHus — 370 NPOrpeECCUPYIOILEE U TEHEPAINZ0BAHHOE
3200/1€BAHNE, XAPAKTEPUSYIOLIEECA MOTEPEN MBIIEYHON MACChl, CUJIBl U CHIKEHMEM (DYHKLIMU CKEIETHBIX
MBI, 33 NIOCIEAHUE HECKOJBKO JIET BCE OOBIIE HAKAIUIMBAETCA JAHHBIX, OTPAKAIOUINX YXYALIEHUE COCTO-
AHNSA MBIIEYHON MACCHI X CHIDKEHHE (DYHKIY ¥ CUJIBI MBIIILL Y ateHToB ¢ CJI 1. BeigBUraeTcs rurnoresa o
HAPYLIEHUY COCTOSHUA U (PYHKLIOHUPOBAHUS MBIIILL Y ITAIIMEHTOB MOJIOAOTIO Bo3pacra ¢ CJI, Takum o6pa-
30M, IMAOETUYECKAS CAPKOIIEHUS MOKET PACCMATPUBATBCA KaK HENIOCPEACTBEHHOE ocnoxkHenue CJI 1.

B Hacrosee BpeMs AMArHOCTUKA OCHOBAHA HA KIMHUYECKOM AITOPUTME, IIPEIOKEHHOM B KOHCEHCYce EB-
PONENCKON pabover IPYIIILL IO CAPKONEHUH NOoXwibIX mogert 2019 r. (EWGSOP2). Hecmotpa Ha MHOTO-
YUC/IEHHBIE UCCIE0BAHNSA, IOCBACHHBIE CAPKOIIEHUY, OTKPBITHIM OCTAETCS BOIPOC BAIMMPOBAHHBIX OHO-

MapKEPOB, UCIIOIb3YEMBIX /ISl PAHHEH AUATHOCTUKY ¥ MOHUTOPUHIA CAPKOIIEHHN.
KiroueBsie c1oBa. CapKOICHNS, CAXAPHBIN UA0ET 1-T0 THIIA, OCIOKHEHUS THA0eTa.

INTRUDCTION

Sarcopenia is a generalized progressive
disease characterized by loss of muscle mass,
strength, and function of skeletal muscles.
Sarcopenia often worsens chronic comorbidi-
ties and is associated with an increased risk of
adverse outcomes such as falls and fractures,
and decreased ability to perform daily activi-
ties [1; 2].

Sarcopenia is associated with cardiovas-
cular, respiratory diseases, cognitive impair-
ment [2]. The presence of sarcopenia and
dynapenia (decreased muscle strength) in a
patient increases hospitalization costs for el-
derly patients by 5 times [3; 4]. According to a
meta-analysis including 151 studies, sarcope-
nia develops in 10-27 % of people over
60 years of age, the prevalence of severe sar-
copenia varies from 2 to 9 % depending on
the diagnostic criteria and the population
studied [4]. Despite the high incidence of this
disease, there is no single diagnostic algo-

rithm, and no clear interpretation of tests has
been established.

Primary sarcopenia associated with aging
occurs in old age. However, in the presence of
chronic diseases, loss of muscle mass, strength
and muscle function begins already in young
and middle age [5]. Over the past few years,
more and more evidence has been accumulated
reflecting the deterioration of muscle mass and
a decrease in muscle function and strength in
patients with type 1 diabetes mellitus (DM 1).
Identification of factors influencing the devel-
opment of sarcopenia will ensure the develop-
ment of future strategies for the early detection
of individuals at high risk of developing sarco-
penia and, consequently, the implementation of
preventive measures.

SARCOPENIA AS A CHRONIC COMPLICATION
OF TYPE 1 DIABETES MELLITUS

It is essential to understand the causes
and pathogenetic mechanisms of sarcopenia
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for developing strategies to prevent muscle
loss. Skeletal muscles are composed of myo-
fibrils formed by the fusion of satellite cells.
Age-related muscle loss is caused by a de-
crease in the number of myofibrils; more
than 80 % of muscles consist of a protein
component, and therefore their atrophy or
hypertrophy depends on their protein con-
tent [7].

Muscle protein anabolism is known to
be mediated by amino acids, exercise, insulin,
insulin-like growth factor-1 (IGF-1), testos-
terone, and estrogens [8]. In older people,
muscle protein synthesis decreases even
when the required Amount of amino acids is
present in the blood, in other words, anabol-
ic resistance develops [9]. It is noted that
chronic inflammation develops with aging
due to a decrease in immune function. It is
characterized by moderately elevated levels
of proinflammatory cytokines, such as tumor
necrosis factor alpha (TNF-o), interleukin
(IL) -1g, IL-6 and IL-18, C-reactive protein
(CRP). There is evidence of increased levels
of TNF-o,, IL-1B and IL-6 in the blood by 2-4
times in elderly people compared to healthy
young people [10]. Inflammatory cytokines
cause the development of mitochondrial dys-
function and lead to excessive production of
reactive oxygen species [11]. Chronic in-
flammation is believed to reduce muscle
strength and function by increasing skeletal
muscle infiltration by macrophages, decreas-
ing muscle mass and increasing accumulation
of ectopic fat [12]. The influence of addition-
al factors on the pathogenetic mechanisms of
sarcopenia development is noted in the pres-
ence of chronic diseases, in particular DM 1.
In healthy people, the main part of glucose is
absorbed by skeletal muscles against the
background of hyperinsulinemia. Thus,
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changes in muscle structure in patients with
DM 1 may have a significant impact on gly-
cemic control.

To date, information on the transfor-
mation of the muscular system in patients
with DM 1 is limited. Some data indicate
changes in skeletal muscles in adolescents
and young adults with DM 1. C. Monaco et al.
hypothesized that DM 1 can be considered a
state of accelerated muscle aging; changes in
the muscular system are similar to those ob-
served in the muscles of older people, but in
the presence of DM 1 they occur at a younger
age. The authors draw attention to the pres-
ence of dysfunctional skeletal muscle mito-
chondria despite adequate physical activity
and moderately controlled glycemia [13].

Mitochondrial dysfunction is involved in
the pathophysiological mechanisms of aging
and demonstrates a decrease in the functioning
of the respiratory chain, which is the main
source of reactive oxygen species. Changes in
mitochondrial oxidation-reduction reactions in
patients with DM 1 have been demonstrated in
a study using a hyperinsulinemic euglycemic
clamp. In the course of the study, no differences
were found in the average blood glucose con-
centration and insulin levels between patients
with DM 1 and the control group of healthy
people, while glucose utilization was 50 % lower
in patients with DM 1, insulin sensitivity was
53 % lower compared to the control group, pro-
ton flux through mitochondrial ATP synthase
did not increase in patients with DM 1, but in-
creased by 28 % in patients without diabetes
[14]. Another group of researchers, when evalu-
ating muscle properties in men with DM 1 and
good glycemic control and a control group of
healthy individuals, demonstrated a lower oxi-
dative capacity in skeletal muscles in patients
with DM 1 [15].
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One of the negative consequences of hy-
perglycemia is the glycation of proteins, which
leads to their chemical modification and the
formation of advanced glycation end products
(AGEPs), which are involved in the pathophys-
iology of the aging process of the muscular
system and contribute to the development of
late complications associated with DM 1 [16).
The study by H. Mori presents an analysis of
the relationship between AGEP accumulation
and decreased muscle function. The authors
note that AGEP accumulation may be one of
the causes of impaired muscle function in pa-
tients with DM 1 [17].

The decline in muscle function appears
to begin early in life, with studies in children
with DM 1 showing significant reductions in
muscle strength and increased fatigue com-
pared to their healthy peers [18]. Impaired
muscle function from adolescence onwards
suggests that sarcopenia is a direct complica-
tion of DM 1, regardless of the presence of
other chronic complications.

Uncompensated glycemia due to insulin
deficiency promotes catabolism of body pro-
teins, primarily in skeletal muscle, as demon-
strated in a study based on mass spectrometry
of individual proteins undergoing degradation
in vivo in the absence of insulin [19].

In a crossover study involving 62 pa-
tients with a mean age of 38 + 14 years and
the presence of DM 1, the prevalence of
dynapenia was 23 %, sarcopenia — 8 % [20].
With an increase in the mean age of the test
group, the incidence of sarcopenia increases.
In a study of 812 patients with diabetes melli-
tus, the prevalence of sarcopenia in patients
with DM 1 was 20 % among participants over
the age of 65, significantly higher than in
those with type 2 diabetes mellitus (8 %) [21].
Insulin pump use slows the progression of

muscle myopathy in patients with DM 1, ac-
cording to a study of 32 people with DM 1.
Muscle thickness in the insulin pump group
was significantly higher than in patients on
multiple insulin injections [22]. The main fac-
tors leading to the development of sarcopenia
are shown in Fig. 1.

Studies reflecting accelerated muscle aging,
decreased muscle strength, mass and function
in patients with DM 1 are presented in Table 1
[13-22].

SCREENING AND ASSESSMENT
OF SEVERITY OF SARCOPENIA

In 2019, the European Working Group on
Sarcopenia in Older People (EWGSOP2) updat-
ed the consensus on the diagnosis of sarcopenia
by proposing a clinical algorithm that formed
the basis for screening for sarcopenia in diabe-
tes mellitus (Fig. 2) [2; 24].

At the first stage of the suspicion of sarco-
penia, it is recommended to use the SARC-F
questionnaire as a screening tool, which, when
assessed with more than three points, allows
detecting obvious signs of sarcopenia [2; 4; 24;
25]. In addition to the questionnaire, sarcopenia
can be suspected in patients with risk factors,
which include the presence of several chronic
diseases, polypharmacy (taking more than five
medications), malnutrition, and being in a nurs-
ing home [24].

In addition, specific risk factors for pa-
tients with diabetes include HbAlc levels above
8%, time since diagnosis of diabetes over five
years, and the presence of diabetes complica-
tions [24].

In case of positive screening tests, the sec-
ond step is to assess muscle strength. For this
purpose, dynamometry and the chair rise test
are used [24; 25].
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Fig. 1. Factors involved in the process of occurrence and progression of sarcopenia,
and consequences of sarcopenia (adapted from [23])

Table 1
Studies demonstrating changes in skeletal muscle
in patients with type 1 diabetes mellitus

Author Year Basic Provisions

DM 1 promotes accelerated skeletal muscle aging despite adequate physical activity and moderately

Monaco CMF.etal. | 2019 controlled glycermia

A study using a hyperinsulinemic euglycemic clamp has proven changes in mitochondrial oxidation-

Kacerovsky M.ctal. | 2011 reduction reactions in patients with DM 1

Crowther GJ.etal. | 2003 |A lower oxidative capacity in skeletal muscle has been proven in patients with DM 1

Hyperglycemia promotes glycation of proteins, which leads to their chemical modification and the

Krause MP. etal 2011 formation of AGEP, which are involved in the aging processes of the muscular system

An analysis of the relationship between AGEP accumulation and decreased muscle function in pa-

Mori H.ctal. 2017 jents with DM 1 showed a prevalence of sarcopenia of 166 %

Studies conducted in children with DM 1 show significant reductions in muscle strength and in-

Lukdcs A. etal 2012 creased fatigue compared to their healthy peers

Robinson MM. etal. | 2016 |Uncompensated glycemia due to insulin deficiency promotes protein catabolism in skeletal muscles

Andreo-Lépez M.C.
etal

In a study involving 62 patients with a mean age of 38 + 14 years and the presence of DM 1, the prev-

2023 alence of dynapenia was 23 %, sarcopenia — 8 %

In a study of 812 patients with diabetes mellitus, the prevalence of sarcopenia in patients with DM 1

Hiromine Y. etal. 2022 was 20 % among participants aged over 65 years

In the group of patients on insulin pump therapy, muscle thickness measurements were significantly

Tan$.ctal 2022 higher (p <0.05) than in the group using syringe pens




LITERATURE REVIEW

Step 1 (

SARS-F>4
or clinical suspicion

Negative

(HbA1 c>8% / Diabetes duration>5 years / )_,

Diabetes complication / OAD
v

No sarcopenia
Annual re-screening

Suspected sarcopenia

Step 2 l

Chair rise test
5 times < 15 seconds

Muscle strength assessment
Dynamometry
M<27 kg; F<16 k
2

m

Sarcopenia is possible

No sarcopenia

Body composition assessment 4( Muscle mass assessment
Calf volume (M<33 cm; F<32 cm)

Ultrasound, BIA, DEXA, CT

)~

l If the diagnostic criteria are met

AMM <20 kg in men, <15 kg in women
ISM <7.0 kg/m2 in men, <5.5 kg/m2 in women

Step 3

C
C
C

Sarcopenia )
no complications of DM Stage I ]
Sarcopenia
Complications of DM Stage Il A
Sarcopenia
dysfunction ) '4 Stage 1B ]
Sarcopenia
DM Complications Stage nc ]
Functional Impairment

Fig. 2. Algorithm for screening and diagnosing sarcopenia
in diabetes mellitus (adapted from [24])

It is recommended to assess muscle mass
to diagnose possible sarcopenia. The simplest
method is to measure the anticnemion circum-
ference adjusted for body mass index (BMI), but
at present the diagnostic value of this method
in patients with DM 1 is poorly studied. A de-
crease in muscle mass can be assumed with a
calf circumference of less than 33 cm in men
and less than 32 cm in women adjusted for BML

Next, a study of the body composition is
carried out with the calculation of appendicular
muscle mass, which is the sum of the muscle
mass of the limbs in kg (AMM), and the skeletal
muscle index - SMI, calculated as the ratio of
appendicular muscle mass to the square of the
patient's height (kg/m®). The threshold values
for confirming sarcopenia are AMM values less
than 20 kg in men and less than 16 kg in wom-
en, SMI values less than 7 kg/m’ in men and less
than 5.5 kg/m* in women [24].

The gold standard for noninvasive assess-
ment of muscle mass is computed tomography

10

(CT), but it is not used routinely due to the high
radiation exposure and cost of the examination.
Dual-energy X-ray absorptiometry and bioelec-
trical impedance analysis are more accessible.

The third step after confirming sarcopenia
is to determine the stage (severity), depending
on the presence of diabetes complications and
muscle function. Stage I corresponds to patients
with sarcopenia without diabetes complications
and without impaired muscle function. Stage I
includes three sublevels: A, B and C. Stage 1T A is
characterized by the presence of diabetic com-
plications, but without impairment of muscle
function. Stage 1I B is determined in the pres-
ence of impairment of muscle function, but
without complications of diabetes. Stage II C is
established in the presence of impairment of
muscle function in combination with the pres-
ence of diabetic complications [24].

The diagnosis of decreased muscle function
is made using various physical performance tests.
The Short Physical Performance Battery (SPPB)
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includes three tests: assessment of the patient's
balance, determination of the 4 m walking speed,
the "Chair Rise" test. The "Get Up and Go" test and
the 400 m walking speed are also used [24; 25].
This algorithm allows the use of available screen-
ing methods to identify risk groups for the devel-
opment of sarcopenia, promotes timely diagnosis
and early prevention of the disease in patients
with diabetes mellitus.

ANALYSIS OF BIOCHEMICAL MARKERS
INDICATING THE PRESENCE OF SARCOPENIA

Biomarkers that reflect the presence or ab-
sence of sarcopenia can be divided into two
groups. The first group includes markers that
assess the skeletal-muscular condition - these
are myokines, such as myostatin, follistatin,
irisin. These are specific peptides produced by
muscle fibers that have autocrine, paracrine or
endocrine effects. Myokines provide a connec-
tion between muscles and other organs, and
also affect the metabolism of lipids and glucose.

The second group includes markers that
suggest causal factors in the development of the
disease - these are adipokines, hormones, in-
flammatory mediators and acute phase proteins
[26). Studies show that myostatin, also known as
growth differentiation factor-8 (GDF-8), simul-
taneously activates protein degradation and in-
hibits protein synthesis in skeletal muscles [27].
According to HR. Bergen et al,, higher concentra-
tions of myostatin are found in older women
compared to younger women, and lower con-
centrations are found in older men compared to
younger men. In addition, the researchers found
higher concentrations of myostatin in older
women suffering from sarcopenia than in the
corresponding groups of men [28]. When muscle
mass decreases to the level of sarcopenia, higher
levels of GDF-8 are recorded, such data were
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presented in a prospective cohort study involv-
ing 878 volunteers [29)]. It is also known that my-
ostatin affects lipid metabolism and promotes
intracellular lipid accumulation in muscles by
increasing the expression of certain genes [30]. In
addition, in their study A.G. Dial et al. determined
the level of myostatin in patients with DM 1 and
in a control group of healthy people: according
to the data obtained, myostatin in the blood se-
rum is significantly elevated in adults with DM 1
compared to comparable individuals without
diabetes [31]. The authors also note that glycemic
control, as measured by glycated hemoglobin
(HbAlc), did not affect myostatin expression in
serum or skeletal muscle. Similar data were ob-
tained in a study of myokine in adolescents with
DM 1. Myostatin levels were significantly elevated
in the presence of DM 1 compared to healthy
children in the control group [32].

Follistatin should be considered together
with myostatin. Follistatin concentrations are
increased in patients with sarcopenia, as
shown in a large study in postmenopausal
women [33].

The myokine that causes muscle hypertro-
phy is irisin. Numerous studies have shown that
its levels are significantly reduced in patients
with sarcopenia [34; 35].

Adipokines may be a factor in the devel-
opment of sarcopenia. These are biologically
active substances specific to adipose tissue, the
main representatives of which are adiponectin
and leptin. A recent meta-analysis involving
1,389 people, of whom 557 were people with
sarcopenia and 832 were from the control
group, revealed that patients with sarcopenia
are characterized by significantly higher levels
of adiponectin [36]. Therefore, the constant
presence of adiponectin in the blood serum will
contribute to the decrease in muscle mass and
the development of sarcopenia.

11
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Leptin is an adipokine that improves the
immune response and induces lipid catabolism.
Low blood leptin levels are correlated with de-
creased square area of muscle mass in older adults
[37]. Hormones play an important role in muscle
anabolic and catabolic processes.

Decreased levels of insulin-like growth fac-
tor-1 (IGF-1) are considered a possible factor
contributing to the development of sarcopenia
[38]. IGF-1 is partially synthesized in skeletal
muscle and regulates muscle growth in an auto-
crine and paracrine manner. Studies have
shown that decreased levels of IGF-1 are associ-
ated with decreased skeletal muscle mass and
the development of sarcopenia in eldetly pa-
tients [39]. A study aimed at determining the
incidence of sarcopenia in patients with DM 1
found that IGF-1 levels were significantly lower
in patients with sarcopenia [40].

An equally important role in the diagnosis of
sarcopenia is given to determining the level of
dehydroepiandrosterone sulfate (DHEA-S). Serum
DHEA-S concentrations peak in young adulthood
and then gradually decline over time. In a retro-
spective study of 108 elderly patients, patients
with sarcopenia had significantly lower DHEA-S
concentrations [41]. Chronic inflammation is one
of the most important mechanisms to consider in
the pathogenesis of sarcopenia. Inflammatory cy-
tokines promote muscle atrophy by causing pro-
tein catabolism and suppressing muscle tissue
synthesis. A meta-analysis with a total of 11,249

participants showed significantly higher CRP levels
in patients with sarcopenia [42]. Somewhat later,
new data were published confirming that higher
levels of CRP, IL-6, TNF-o were significantly asso-
ciated with low skeletal muscle strength and mus-
cle mass [43]. Based on this, an increase in the lev-
el of inflammatory cytokines is associated with a
higher risk of developing sarcopenia.

In order to improve the quality of life of
patients and timely diagnosis of the disease,
further research is needed to develop a panel of
validated biomarkers.

CONCLUSIONS

Sarcopenia is a chronic progressive disease
with high prevalence. Patients with DM 1 are at
particular risk for developing sarcopenia. In
recent years, more and more data have emerged
on the pathogenetic mechanisms of accelerated
muscle aging in patients with absolute insulin
deficiency, and issues have been raised about
considering sarcopenia as a late complication of
DM 1. Due to the low routine diagnosis of de-
creased muscle mass, strength and function,
patients have a higher risk of falls and fractures,
worsening of chronic diseases and increased
length of hospitalization.

Thus, the implementation of a simple algo-
rithm for diagnosing sarcopenia will allow the
implementation of a strategy for the prevention
of this condition in patients with DM 1.
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