3.1.31. lepoHTONOIUSA
1 repuatpusa

YOK 616.7-007.234-009.17:616.379-008.64-053.9

updates | DOI: 10.35693/2500-1388-2023-8-2-96-102

Hayka n nHHoBauuu B meguuuHe T.8(2)/2023

Assessment of muscle mass and bone density
in elderly patients with type 2 diabetes mellitus depending
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Abstract

Aim — to assess the prevalence of low muscle mass and low bone density
in elderly patients with type 2 diabetes (T2DM), depending on the level
of glycated hemoglobin (HbAlc).

Material and methods. The study included 187 patients (mean age
65.16 £ 4.31 years), who were tested for fasting blood glucose, HbAlc,
osteocalcin (OC), procollagen type 1 N-terminal propeptide (P1NP),
C-terminal type I collagen telopeptides (B-CTX), 25-hydroxyvitamin D,
body composition and bone mineral density.

Results. The prevalence of low muscle mass, osteopenia, and osteoporosis
in elderly patients with T2DM was 35.8%, 38.5%, and 30.5%, respectively.
The prevalence of low muscle mass was significantly higher in women
with HbAlc >9.0% (p=0.035). Osteopenia and osteoporosis prevailed
in men with HbAlc >9.0% (p=0.007 and p=0.048, respectively). The
appendicular skeletal muscle index (ASMI), bone mineral content (BMC)
and bone mineral density (BMD) of the lumbar spine, BMC and BMD of
the thigh were significantly reduced in the osteoporosis and osteopenia
groups (p<0.05); while B-CTX, PINP were significantly increased. In
men, both ASMI (p=0.007) and PINP levels (p=0.001) were important
risk factors for osteopenia/osteoporosis, and in women such risk factor
was ASMI (p=0.019).

Conclusion. In T2DM patients, the high HbAlc levels were associated
with higher rates of low muscle mass in women and osteoporosis in men,
and ASMI was a risk factor for osteoporosis in both sexes.

Keywords: gerontology, ageing, sarcopenia, osteoporosis, type 2 diabetes
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OueHKa MbIlLeYHON MacCbl U KOCTHOU MNJTOTHOCTU
y MOXUNbIX MaLMeHTOB C caxapHbIM AnabeTom 2 Tuna
B 3aBUCUMOCTM OT YPOBHSA NMUKUPOBAHHOIO reMornoounHa

© C.B. bynrakoBa, E.B. TpeHeBa, [.I1. KypmaeB, H.A. lNepBbIWWH,
0.B. KocapeBa, J1.A. lLlapoHoBa, FO.A. lonrnx

®IrBOY BO «Camapckui rocygapcTBeHHbIN MeauumMHekuii yHusepeuTteT» MuHsgpasa Poccun (Camapa, Poccus)

AHHOTauus

Ileab — IPOBECTH OLIEHKY PACHPOCTPAHEHHOCTH HU3KHX MBIIIEUHON Mac-
Cbl, KOCTHOH IUIOTHOCTH Y HOXKHJIBIX MALHEHTOB C CAXapHBIM JHabeToM 2
THIIA B 3aBICHMOCTH OT YPOBHS INIMKHpOBaHHOTO reMoroonna (HbA Ic).
MarepuaJ u MeTobl. B nccnenoBanuu npunsian ygacrue 187 mamu-
eHTOB (cpeanuii Bo3pact 65,16 + 4,31 rona). beun onpeneneHs! ypoBHH
DJIIOKO3BI KpoBH Hartormak, HbAlc, ocreokansimua (OC), mponentuaa
npoxoitaresa | tuna (PINP), C-koHIEBBIX TEIONENTHAOB KOJIareHa
I Tuna (B-CTX), 25-runpokcuBuramuna D, a Takxke KOMIIO3HITHOHHBIH
COCTaB TeJa ¥ MUHEepalIbHasl INIOTHOCTh KOCTHOU TKAHH.

Pesyabrarel. PacipocTpaHEeHHOCTh HU3KOH MBILIEYHOM MacChl, OCTE0-
NIEHUH U OCTEOIopo3a y NOKMIbIX nauuenTos ¢ C/I2 cocraBuia 35,8%,
38,5% 1 30,5% cootBeTCTBEHHO. PacnpocTpaHeHHOCTb HU3KOH MBIIIEYHON
Macchl OblIa 3HAYUTENIBHO BEIIIE Y JKSHIUH ¢ ypoBHeM HbAlc > 9,0%
(p = 0,035), ocTeomneHnH U OCTEONOPO3a — y MyX4uH ¢ ypoBHeM HbA lc
>9,0% (p =0,007) u 18,9% npotus 3,4% (p = 0,048) cOOTBETCTBEHHO.
ArnmeHaukynspHas cKkelieTHO-MbIeyHas Macca (ACMM), conepixanue
kocTHBIX MuHepanoB (BMC) n MuHepasbHast INIOTHOCTh KOCTHOM TKaHU
(MIIKT) nosicanasoro otzena mo3sonounuka, BMC n MIIKT 6enpa 6bum
3HAYUTEJILHO CHIKEHBI B IPYIIax 0cTeonoposa u ocreonenu (p < 0,05);
a B-CTX, PINP 3naunmo ysemudeHsl. Y myxana MACMM (p = 0,007) u
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yposenb PINP (p = 0,001) siBstroTcst BaXKHBIME (pAKTOPaMH PHUCKa OCTEO-
MeHuH / 0cTeonoposa, y sxeHuma — MACMM (p = 0,019).

3akmouenne. Y manuentoB ¢ CJ/12 Beicokue ypoBuu HbAlc accormupo-
BaJINCH ¢ Goree BRICOKUMH TTOKa3aTeIIMU PacpOCTPAaHCHHOCTH HU3KOM
MBILIEYHON Macchl y JKEHIUH U 0CTeonopo3a y myxuut, a UACMM
SBISICTCS (PAKTOPOM PUCKA Pa3BUTHS OCTEONOPO3a Y JIUL 00OUX MOJIOB.
KitroueBble cj10Ba: repOHTONIOI U, CTAPEHUE, CAPKOIICHHUS, OCTEONOpPO3,
caxapHblii 1uaber 2 Tuna, NTMKUPOBAHHBIN FeMOIIO0HH, KOMITO3UIIMOH-
HBIH COCTaB Tena, ABYX3HEPreTnieckas peHTreHoBCKast abcopOumome-
Tpusi, OMOMMIIEAHCHBIN aHAIU3, METa00IN3M.
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m BACKGROUND

lobally, the proportion of older people with

senility is increasing. Type 2 diabetes mellitus
(T2DM) is an age-associated disease characterized
by insulin resistance and impaired carbohydrate
metabolism, which affects the development of
complications and decreases the quality and
expectancy of life [1-3]. According to Hak (2019),
patients with T2DM are characterized by sarcopenia,
a high risk of falls, and fractures, which lead to
disability, dependence on outside care, and death
[4]. Osteoporosis is also a common age-associated
disease, and its incidence increases with age. The
Rotterdam study examined data on bone mineral
density (BMD) and fractures in 792 and 5863 patients
with and without T2DM, respectively. The results
showed that patients with T2DM have a higher BMD
of the hip and lumbar spine; however, the risk of
fractures is 1.33 times higher [5]. According to
Goldstein et al. (2018), the incidence of fractures of
the hip, vertebral body, and distal radius in patients
with T2DM and osteoporosis was significantly higher
than that in patients with osteoporosis but without
T2DM [6]. Musculoskeletal pathologies deteriorate
the quality of life of patients in older age groups [7].
Patients with low muscle mass are at a high risk of
falls and fractures [8]. Sarcopenia is an important
risk factor for mortality, disability, and poor quality
of life in patients aged >60 years [9]. Skeletal
muscles and bones are the two main components of
the musculoskeletal system [10]. Musculoskeletal
interactions are caused by physical activity, changes
in the balance of agonists and antagonists during
muscle contraction, influence of vibration load, and
biochemical signals that maintain muscle tone and
bone density [11, 12]. The relationship between
low muscle mass and osteoporosis in patients with
T2DM, particularly those with poor carbohydrate

www.innoscience.ru

metabolism control, remains unclear. Glycated
hemoglobin (HbAlc) is an important indicator of
diabetes control; its levels indicate the average
glycemia over approximately 3 months and are
directly related to DM complications [1].

m AIM

This study aimed to estimate the prevalence of
low muscle mass and bone density in older patients
with T2DM according to glycated hemoglobin levels.

m MATERIAL AND METHODS

The study involved 187 older patients with T2DM,
including 82 men (mean age 65.23 + 4.34 years) and
105 women (mean age 65.08 + 4.28 years). Patients
with T2DM aged 60 years who provided written
informed consent were included. Patients who
had dysfunction of the thyroid gland and/or taking
thyroid hormones or antithyroid drugs; had diseases
and conditions causing secondary osteoporosis;
had received bone-sparing therapy; were taking
sex hormones and glucocorticoids; had cognitive
impairment and dementia that ruled out the possibility
of communication; and had acute cardiovascular
pathology and cancer were excluded.

Complaints and medical history were collected
from all patients, and anthropometric parameters
(height and weight) and blood pressure (BP; systolic
BP and diastolic BP) were measured using standard
methods. Dual-energy X-ray absorptiometry (DXA)
on a Norland XR-46 was used to assess the bone
mineral density (BMD) and bone mineral content
(BMC, g) of the femur (femoral neck and total
hip) and lumbar vertebral bodies L1-4. Normal
bone mass was defined as a T-score of >-1.0 SD,
osteopenia was defined as —1.0 SD > T-score >—2.49
SD, and osteoporosis was defined as a T-score of
<-2.5 SD. Body composition was studied using
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Age (M  SD), years 65,23 + 4,34 65,08 + 4,28
(D,\}I’éa[tli_‘g‘; ﬂg]iibfégfsme"‘tus 13,0 [8,0; 19,0] 12,0 [6,0; 20,0]
Height (M £ SD), cm 178,0 £ 6,1 164,552
Weight (M + SD), kg 80,4 + 10,9 68,0 £ 9,6
BMI (M £ SD), kg/m2 24,97 + 3,99 25,61 + 3,62
SBP (M + SD), mm Hg 136,2 + 20,4 142,0 + 21,9
DBP (M £ SD), mm Hg 77,3+ 155 78,1 +10,3
Fasting glycemia (Me [LQ: HQD). 7,64[6,16;9,67] 7,68 [5,98; 10,10]
HbA1c (Me [LQ; HQJ), % 8,00[6,70;9,48] 8,60 [7,40; 9,50]
Serum creatinine (M + SD), pmollL 66,59 + 13,02 55,57 + 14,86
B-CTX (Me [LQ; HQ]), ng/mL 0,22[0,16;0,31]  0,28[0,21; 0,40]
(Me [LQ; HQJ), ng/mL 9,0 [7,5; 11,5] 12,0 [9,0; 17,0]
PINP (Me [LQ; HQJ), ng/mL 30,0[24,0;38,5] 38,0 [29,0; 58,5]
25-OH-D (M £ SD), ng/mL 22,62 + 8,42 20,39 + 7,67
Proportion of fat mass (M £ SD), % 27,20 £ 7,82 34,90 £ 5,24
ASMI (M + SD), kg/m2 7,03 £0,97 5,98 +0,76
BMC of the femur (M £ SD), g 36,63 £ 6,45 25,78 + 7,03
E“D")‘? é’f the lumbar spine (M £ 71,10 + 14,02 50,00 + 11,23
gB/'\({InEZOf the lumbar spine (M + SD), 1,01 017 0,86 + 0,15
BMD of the femur (M + SD), g/cm? 0,90 + 0,12 0,80+ 0,12

Table 1. The clinical data on patients with T2DM
Ta6nuua 1. KnuHuyeckasi xapakmepucmuka 6ornbHbix CL]2

bioimpedance analysis with an ABC-02 apparatus
(Medass, Russia). The proportion of fat mass (%
FM) and appendicular skeletal muscle mass index
(ASMI) were determined. The diagnostic criterion
for low muscle mass was a decrease in ASMI of
<7.0 kg/m2 in men and <5.5 kg/m2 in women [12].
Fasting blood glucose, HbAlc, and serum creatinine
levels of all study participants were measured using
a Beckman CX4CE automated analyzer. C-terminal
type I collagen telopeptides (B-CTX), osteocalcin
(OC), propeptide of type 1 procollagen (PINP),
and 25-hydroxyvitamin D (25-OH-D) levels were
measured on a Roche-601 immunoluminescent
analyzer using electrochemiluminescence.

Hayka n nHHoBauuu B meguuuHe T.8(2)/2023

Statistical analysis was performed using
IBM SPSS Statistics 21.0 (IBM Corp.,

e Armonk, NY, USA). Continuous variables
0,521 are presented as the mean and standard
SO deviation (M + SD). Variables that were
<0001 not nor‘mally dlstrlbqted were expressed
0,250 as r'ned}ans and qqartlles (Me [LQ; HQ)).
’ Univariate analysis of variance was used
0,068 to compare normally distributed variables
0695 between the groups. The Kruskal-Wallis
0,745 test was used for comparison if the data
0108 were not normally distributed. Categorical
<0001 variables were presen‘;ed as percentages
01;15 and were analyzed using .th.e chl-squgre
- test (%2). Multivariate logistic regression
2002 analysis was performed to evaluate
0003 the factors associated with osteopenia/
0,084 osteoporosis with stepwise inclusion of
2:001 significant covariates. Odds ratios (OR)
<0001 and 95% confidence intervals (95% CI)
<0001 were calculated using a logistic regression
<0001 model. A p-value of <0.05 was considered
statistically significant.
0,002
0,003 m RESULTS

The clinical characteristics of the
participants are presented in Table 1. The average
duration of T2DM in patients included in the study was
12.84 + 7.83 years. HbAlc levels ranged from 4.7% to
15.6% (mean 8.56% + 1.98%). Compared with men,
women had significantly lower height and weight (p <
0.001) and higher serum levels of B-CTX (p = 0.015),
OC (p =0.002), and PINP (p = 0.003). Women had a
higher proportion of FM (p = 0.001) and lower ASMI
(» <0.001) than men. In addition, the BMC and BMD
of the lumbar spine and femur were significantly lower
in women (p < 0.005) than in men.

Moreover, 67 (35.8%) participants had low muscle
mass, 72 (38.5%) had osteopenia, and 57 (30.5%)
had osteoporosis. The prevalence of low muscle mass
was significantly higher in women with HbA 1c levels
of >9.0% than in women with HbAlc levels <9.0%
(35.0% vs. 16.9%, p = 0.035). The prevalence rates

n (%)

<9,0% (n = 53) 27 (50,9) 26 (49,1)
>9,0% (n = 29) 13 (44,8) 16 (55,2)
Wroro (n = 82) 40 (48,8) 42 (51,2)
Women <9,0% (n = 65) 54 (83,1) 11 (16,9)
>9,0% (n = 40) 26 (65,0) 14 (35,0)
Wroro (n = 105) 80 (76,2) 25 (23,8)

0,596 27 (50,9) 16 (30,1) 10 (18,9) 228
3
8 (27.6) 20 (69,0) 1(3,4)
35 (42,7) 36 (43,9) 11 (13,4)
P, =0,762

0,035 18 (27,7) 23 (35,4) 24369  pZg007

5 (12,5) 13 (32,5) 22 (55,0)

23 (21,9) 36 (34,3) 46 (43,8)

Note. P,, significance of differences in the incidence of low muscle mass between groups for HbA1c of <9.0% and HbA1c of 29.0%, P,, significance of differences
in the incidence of osteopenia between groups for HbA1c of <9.0% and HbA1c of 29.0%; P,, significance of differences in the incidence of osteoporosis between

groups for HbA1c of <9.0% and HbA1c of 29.0%.

Table 2. The prevalence of low muscle mass, osteopenia, osteoporosis in patients with T2DM, stratified by sex and HbA1c level
Ta6bnuya 2. PacnpocmpaHeHHOCMb HU3KOU MbIWEYHOU Macchl, ocmeorneHuu, ocmeornopo3da y 6onbHbix G2, cmpamuguyuposaHHasi no

nony, yposHto HbA1c
98
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of osteopenia and osteoporosis differed significantly
between men with HbAlc levels <9.0% and men
with HbAlc levels of >9.0% (30.1% vs. 69.0% (p =
0.007) and 18.9% vs. 3.4% (p = 0.048)), respectively
(Table 2).

According to the T-score value measured by DXA,
patients with T2DM were divided into three groups
(with normal BMD, osteopenia, and osteoporosis).
Height and weight were significantly reduced
(p = 0.007; p < 0.001 and p = 0.005; p < 0.001,
respectively), and serum B-CTX and PINP levels

Normal BMD | Osteopenia | Osteoporosis
(n =58) (n=71) (n =58)

P,=0,210
Age M£SD).  g318+7,71 6514+959 6529:866 P,=0168
years P,=0,926
et AT PR
o ears  [7:75:18,00]  [6,00,20,001  [7.50; 19.00]  (20:¢d2
. P,=0,007
Height (M £SD). 174,05+7.90 17024786 16560+7.24 P,<0,001
P’=0,007
. P,=0,005
gt 81,64+1202 7492+944 70,77+885 P,<0.001
(M £ SD), kg P0018
P,=0,037
BMIM£SD),  2633+454 2492+303 24,63£378 P,=0.030
il P’=0.629
HbA1c (Me [LQ; 7,85 8,70 8,60 BE
HQ]), % [7.18;890]  [7,10;1020] [7,20;9.65]  B225:998

-=0,

» P,=0,026
Creatinine M+ 55014 1543 §1,92+14,34 64,56+ 14,81 P,=0,029
SD), umol/L P2=O 307

-=0,
B-CTX (Me [LQ; 0,20 0,25 0,32 peaal
HQY), ng/mL [015:020] [021,034] [021;044]  FZ5:908
2=0,
(Me[LQ; HQ]), 9,00 11,00 12,00 E‘:g'gﬁg
ng/mL [7.00;13,00]  [9,00;13,00]  [9,00;17.00] ~ H2=9%8
2=0,
PINP (Me [LQ; 27,50 34,00 39,00 Eic00td
HQJ), ng/mL [22,75,38,25] [27,00; 46,50] [32,00;60,25] BZ9:993
2=0,
P,=0,691
g%')o':'D M+ 5166680 2223:894 19,97+7,93 P.=0,223
nsit P’=0.135
4=0,
Proportion of fat P,=0,412
mass 31,64+926 3048+675 3267635 P,=0486
(M £ SD), % P’=0,062
P,=0,002
ﬁg;m (M£SD).  591+116 635:085 607+084  P,<0,001
P’=0,065
BMC of the P,<0,001
lumbar spine 72,67+1543 5922+1199 4588+9,44  P,<0.001
(M £5SD), g P’<0,001
BMC of the P,<0,001
femur (M + 3810£7,60 2012+724 2470518 P,<0.001
SD), g P’=0,002
BMD of the P,<0,001
lumbar spine 1,08 £ 0,12 0,92 £ 0,14 0,77 £ 0,09 P,<0,001
(M + SD), g/lcm? P,<0,001
BMD of the P,<0,001
femur (M+SD), 097+009  082+008 074+0,10  P,<0.001
gl/cm? P,<0,001

Note. P,, comparison of the osteopenia group with normal BMD; P,, comparison
of the osteoporosis group with normal BMD; P,, comparison of the osteoporosis
and osteopenia groups.

Table 3. A comparison of anthropometric data, markers of bone
metabolism and body composition in patients with T2DM with
osteopenia, osteoporosis, normal BMD

Tabnuya 3. CpasHeHue aHMpPONoMempuYecKUx rnokasamersed,
Mapkepos KocmHo20 memabonuama, cocmaea mena y 6ornbHbix G2
¢ ocmeorneHuel, ocmeornopo3omM, HopmarnbHol MIIKT
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were increased in the osteoporosis and osteopenia
groups compared with the normal BMD group (p
< 0.05). The ASMI, BMC, and BMD of the lumbar
spine, as well as the BMC and BMD of the hip,
were significantly reduced in the osteoporosis
and osteopenia groups (p < 0.005). Moreover, the
BMC and BMD of the lumbar spine and hip were
significantly lower in the osteoporosis group than
in the osteopenia group. Compared with the normal
BMD group, the osteoporosis group had higher serum
OC levels (p = 0.016) (Table 3).

The multivariate logistic regression analysis of
osteopenia/osteoporosis in patients with T2DM is
presented in Table 4. The adjusted factors included
age, height, weight, fasting blood glucose, HbAlc,
fat mass proportion, ASMI, B-CTX, OC, PINP,
and 25-OH-D. In male patients, the ASMI (p =
0.007) and PINP levels (p = 0.001) were important
risk factors for osteopenia/osteoporosis, whereas
in women, ASMI was a significant risk factor (p
=0.019).

m DISCUSSION

The results of this study showed that in patients
with T2DM, the incidence rates of low muscle
mass, osteopenia, and osteoporosis were 35.8%,
38.5%, and 30.5%, respectively. In men with
T2DM and HbA Ic levels of >9.0%, osteopenia (p
= 0.007) and osteoporosis (p = 0.048) were more
common than in men with T2DM and HbAlc
levels <9.0%. The rates of low muscle mass in
women with T2DM and HbAlc levels of >9.0%
were higher (p = 0.035) than those in women with
T2DM and HbA lc levels <9.0%. Compared with
patients with T2DM who had normal BMD, the
ASMI was significantly reduced in patients with
T2DM having osteopenia and osteoporosis (p <
0.005). The serum levels of B-CTX, OC, and PINP
were significantly higher in patients with T2DM
and osteoporosis (p < 0.05), whereas the serum
levels of B-CTX and P1NP were significantly
higher in patients with osteopenia (p < 0.05).
Multivariate logistic regression analysis showed
that the ASMI is a risk factor for the development
of osteoporosis/osteopenia in men and women
with T2DM.

Both T2DM and osteoporosis are metabolic
diseases with a complex relationship. In a meta-
analysis, Si et al. (2019) showed that the rates of
osteoporosis in patients with T2DM were 44.8%
in women and 37.0% in men [13]. According to
the literature, in patients with T2DM, changes in
BMD are contradictory (normal, decreased, and
increased values of bone density), which does not
have a clear explanation [14, 15]. Moreover, the
risk of fractures is higher in patients with T2DM
than in those without T2DM. According to Wang
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Osteopema or osteoporosis
Adjusted factors
OR (odds ratio) (95% ClI) “

ASMI 0,422 (0,226-0,787) 0,007
- Age 1,013 (0,952-1,078) 0,675
HbA1c 1,279 (0,946-1,728) 0,110
P1NP 1,127 (1,055-1,202) 0,001
ASMI 0,441 (0,223-0,872) 0,019
SV, Age 1,063 (0,988-1,121) 0,112
HbA1c 1,192 (0,904-1,570) 0,213
P1NP 1,009 (0,986-1,033) 0,447

Ta6nuua 4. MHozoghakmopHbIl 102UcmuYecKull peepeccUoHHbIl
aHanu3 ocmeorneHuu / ocmeoroposa y nayueHmos ¢ G2

Table 4. A multivariate logistic regression analysis of osteopenia /
osteoporosis in patients with T2DM

et al. (2019), the relative risk of hip fracture, vertebral
body fracture, and all fractures in patients with
T2DM is increased by 1.27, 1.74, and 1.22 times,
respectively [16].

Impairment of microarchitectonics decreases bone
tissue strength and increases the risk of fractures in
patients with T2DM. Nilsson et al. (2017) assessed
the bone microstructure using high-resolution
peripheral quantitative computed tomography, and the
bone material strength index (BMSI) was calculated
using a bone indentation probe. They found that
porosity and low BMSI in the radial cortex bones
were typical for female patients with T2DM [17]. Our
study showed that men with HbA1c levels of >9.0%
had a significantly higher prevalence of osteopenia
(p = 0.0007) and osteoporosis (p = 0.05) than those
with HbAlc levels <9.0%. According to Majima et al.
(2005), the mean HbA 1c level negatively correlated
with the BMD of the distal radius in both sexes and the
femoral neck in women [18]. A negative correlation
between HbA 1c levels and calcaneal BMD was also
noted in Chinese postmenopausal women [19]. Thus,
the prevalence of osteoporosis increases with high
blood glucose levels.

However, some studies have reported
contradictory results. According to Oei et al.
(2013), patients with T2DM and an HbA 1c level of
>7.5% had higher BMD and BMI than participants
without T2DM [20]. Patients with T2DM tend to
be heavier than those without T2DM, which may
lead to the overestimation of BMD values. In our
study, participants with osteopenia and osteoporosis
had significantly lower weights than those with
normal BMD, which explains why our results are
inconsistent with those of the Rotterdam study. Poor
glycemic control increases the risk of fractures in
patients with T2DM. Thus, in a cohort study by Li
et al. (2015), among patients with T2DM, the risk
levels of hip fractures in patients with HbAlc of
9%—-10% and >10% were significantly higher than
those in patients with HbAlc of 6%—7% [21].
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Markers of bone metabolism indicate resorption
and bone formation and are important for the
selection and monitoring of anti-osteoporotic therapy.
PINP is a marker of bone formation, whereas B-CTX
is a marker of bone resorption. OC represents the
levels of bone metabolism (both bone formation
and resorption). We revealed that those with T2DM
and osteoporosis had higher levels of B-CTX,
PINP, and OC than patients without T2DM without
osteoporosis. According to Klimontov et al. (2016),
a high level of bone metabolism in patients with
T2DM and osteoporosis indicates a decrease in bone
mass and an increased risk of fractures [22]. A cross-
sectional study including 1499 participants showed
that serum levels of bone metabolism markers
negatively correlated with the BMD in patients with
T2DM [23].

Hyperglycemia, microvascular complications, and
glucose-lowering therapy affect the bone tissue in
patients with T2DM. The accumulation of advanced
glycation end products (AGEs) in the bones causes
nonenzymatic cross-linking of type 1 collagen, which
affects the strength properties of bone tissue. Type
1 collagen modified by AGEs inhibits osteoblast
differentiation and activity. AGEs also increase the
expression of the receptor-activating transcription
factor kappa-B ligand by activating nuclear
transcription factor-xB (NF-kB) and stimulating the
production of interleukin-6 (IL-6), which increases
osteoclast activity [24].

The European Working Group on Sarcopenia
Consensus Revision 2 (EWGSOP2) defined three
stages of sarcopenia: probable sarcopenia (low muscle
strength), confirmed sarcopenia (low muscle strength
and mass), and severe sarcopenia (low muscle mass,
low muscle strength, and low physical performance).
Based on the threshold values defined by EWGSOP2,
low muscle mass is diagnosed as ASMI <7.0 kg/m2
in men and <5.5 kg/m2 in women [12]. Low muscle
mass is typical in patients with T2DM. In our study,
patients with T2DM had poor glycemic control (mean
HbAlc 8.56% + 1.98%) and a longer DM duration
(mean 12.84 + 7.83 years), with a prevalence of low
muscle mass of 35.8%.

Sugimoto et al. (2019) revealed a negative
association between low muscle mass and both
T2DM duration and high HbAlc levels [25]. The
incidence of low muscle mass in female patients
with T2DM who had an HbAlc level of >9.0% was
significantly higher (p = 0.035) than that in patients
with an HbAlc level <9.0%. A longitudinal cohort
study performed in Baltimore revealed that high
HbAlc levels may predict decreased muscle mass
and strength [26].

The main risk factors for a decrease in muscle mass
due to decompensation of carbohydrate metabolism
(high blood glucose or HbA 1¢) in patients with T2DM
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are insulin resistance and AGEs. Insulin resistance is
a key link in the pathogenesis of T2DM [1]. Various
inflammatory markers, including IL-6, tumor necrosis
factor alpha, and C-reactive protein, correlate with
insulin resistance. Muscle protein metabolism
includes its synthesis and breakdown. Muscle protein
breakdown is regulated by inflammatory signaling
through four major proteolytic pathways: the ATP-
dependent ubiquitin-proteasome pathway, calpains,
macrophage autophagy, and cell apoptosis [27]. AGEs,
which are formed by the nonenzymatic binding of
glucose, proteins, and lipids, cause oxidative stress
and chronic inflammation, leading to tissue damage.

Skin autofluorescence (AF) is a marker of AGE
accumulation in the skin. In a cross-sectional study,
Mori et al. (2019) showed that AF in patients with
T2DM negatively correlated with muscle mass and
strength [28]. In addition, diabetic microangiopathy,
peripheral neuropathy, and protein, testosterone, and
vitamin D deficiencies are involved in the reduction
of muscle mass in patients with T2DM [29].
Decompensation of carbohydrate metabolism (high
HbA 1c levels) contributes to the development of DM
complications. Therefore, patients with T2DM are at
increased risk of muscle loss.

The skeletal muscles and bones are anatomically
interdependent and interact mechanically and
physically [10, 11]. In addition, they can secrete
cytokines such as ILs, prostaglandin (PGE), OC,
osteoprotegerin, and NF-kB receptor activator.
PGE2 and OC secreted by bone cells can promote
the development of muscle mass; however, adult
skeletal muscles express myostatin, which has a
regulatory effect on bone density. Thus, in myostatin-
deficient mice, the cortical mineral density in the
distal femur increased. In addition, decreased muscle
mass increases insulin resistance and contributes to
T2DM development, thereby affecting bone mass and
structure [30].

Low muscle mass is a risk factor for osteoporosis.
In this study, the ASMI was significantly reduced
in patients with T2DM and osteopenia (p = 0.002)
and osteoporosis (p < 0.001) compared with patients
with T2DM and normal BMD. Logistic regression
analysis showed that the ASMI was a risk factor
for the development of osteopenia and osteoporosis
in both men (p = 0.007) and women (p = 0.019).
According to the 2009—2011 Korean National Health
and Nutrition Examination Survey, low muscle mass
in men and women is associated with osteoporosis,
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m CONCLUSION

1. The rates of low muscle mass, osteopenia, and
osteoporosis in older patients with T2DM are 35.8%,
38.5%, and 30.5%, respectively.

2. The prevalence of low muscle mass was
significantly higher in women with HbA1c of >9.0%
than in women with HbA1c <9.0% (35.0% vs. 16.9%,
p =0.035).
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(p=0.001) are significant risk factors for osteopenia/
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