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Abstract

Background: Diabetes is a growing public health problem with the
increasing obesity prevalence, and aging world population. Many comorbidities,
frailty, and deteriorations in both quality of life and the health status of these

patients are associated with a compound outcome of increased body mass index,
aging and sarcopenia. Sarcopenia has particular importance, since it is both a
cause and an outcome in these patients.

Aim: The aim of this study is to evaluate the sarcopenia frequency, and
to determine the independent predictors of sarcopenia in patients with type 2
diabetes.

Methods: Patients between 18 to 65 years of age that followed-up at the
Endocrinology Department of Istanbul Bakirkoy Dr. Sadi Konuk Education and
Research Hospital with a diagnosis of type 2 diabetes mellitus were evaluated
retrospectively.

Results: A total of 86 patients (F/M 60/26) with a mean age of 52.9+12.4
years were included. Fifty-four patients (62.8%) had sarcopenia (70% of females
and 46.2% of males; p=0.040), and albumin levels were significantly higher in
those patients (p=0.037). Multivariate analyses revealed that females (OR: 3.9;
p=0.020), and increased BMI (OR: 1.1 per unit increase; p=0.040), albumin (OR:
2.7 per unit increase; p=0.028) and LDL (OR: 1.02 per unit increase; p=0.016),
and decreased Tg (OR: 1.01 per unit decrease; p=0.004) levels were independent
determinants of sarcopenia.

Conclusion: Results of this current study confirmed the previous
knowledge on the subject, moreover contributes to the available evidence with
reporting the increased albumin as a novel risk factor for the sarcopenia.
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2 TUIII KAHT JMABETIMEH AYBIPATBIH ITAIIMEHTTEPAE CAPKOIIEHUS KE3AECI )KUILIITT )KOHE HANHIA BOJIY
KAYHIHIH TOYEJICI3 ®PAKTOPJIAPbBI

Bb. Oznemup’, I1. Kapakaiis?, b. flnpaxk’, X. Kokoray'
Tk metuumHa G6emimi, nopirep Caan Konyk areianarel blcramOyn bakeIpkéil FeUIbIME-3epTTey KIMHUKAck], blcrambyo, Typkus
2Jugokpunonorus 6emimi, nopirep Canu Konyk arsianarst bleramGyi Bakpipkéii FpuibiMu-3eprrey KinHukacsl, blcram6y, Typkust

T¥XbIPbIMOAMA

Kipicne: OQuabetr — Oyn anem xankblHbIH CEMipYi MEH KapTalobliH KEH TapaTbin Kene XaTblpFaH KoFamAablK AeHcaymnblK cakTayablH KyH CalbiH
KypAeneHin kene atkaH npobnemacs! 6onbin Tabbinagel. byn aypymeH aybipaTbiH NauMeHTTEPAIH KenTereH inecne aypynapbl, ancisairi eHe emip
canacbl MeH AeHcaynblK XarfavblHbiH Hallapnaybl af3a canmMarbiHbiH KebetiMeH, KapTaloMeH XoHe capkoneHusimeH 6annaHbicTbl. CapkoneHus
epekKLle MaHbI3Fa ne, BUTKEHI 0N OCbl NALMEHTTep aypyblHbIH cebebi e, HaTuXkeci Ae Gonbin Tabbinaabl.

Makcarbi: Ocbl 3epTTeyaiH MakcaTbl CapKONeHWsHbIH Ke3fecy Xuinirii 6aranay xeHe 2 TmnTi AnabetneH ayblpaTbiH NauVeHTTepAe Toyernci3
B6omkamMablk hakToprnapabl arkeiHaay 6onbin Tabbinaab.

Daictepi: Oopirep Cagn KoHyk aTbiHaarbl blctambyn BakbIpkén FbinbIMU-3epTTeY KIMHUKACbIHbIH QHOOKPUHOMNOrMsA 6eniMiHae 2 TUNTi KaHT
Avabeti AnarHosbiMeH emaenreH 18 xoHe 65 xac apanbifbiHAarbl NALMEHTTEP OCbl PETPOCNEKTUBTI 3epTTeyre eHrisingi.

Hatumxenepi: 3eptTeyre 6apnbirbl 86 nauneHT eHrisingi (a/e:60/26), opTtawa xacTtapbl 52.9+12.4 xac kypaasl. Eny tept naumeHTTe (62.8%)
capkonexus 6ongel (70% anenaep xaHe 46.2% epnep; p=0.040), coHpan-ak 6yn nauneHTTepae anbOyMuH AeHreni anTapnbiKTam xorapbl 6onabl
(p=0.037). Ken dpakTopnbl Tangay capKoneHWsiHbIH Toyenci3 KepceTkilwTepi MbiHanap 6onfaHbiH kepcetTi: aviengep (OR: 3.9; p=0.020), nere
canmarbiHbIH yriFanFad nHaekci (OR: 1.1 Gipnikke ynFato; p=0.040), anbbymuH geHrennepi (OR: 2.7 Gipnikke ynrato; p=0.028) xxone JNMHM (OR: 1.02
Gipnikke ynrato; p=0.016), xxeHe Tr TomenaereH aenrerii OR: 1.01 Gipnikke ynFato; p=0.004).

KopbiTbiHabl: Ocbl 3epTTey HaTUXenepi NoH 6owbiHWa BypbiH anFaH 6inimaepai TusHakTagbl, ogaH 6enek anbbyMUHHIH XXOFapblnaraH AeHrewi
CapKOMEeHUSHbIH kayin dakTopbl 60Mbin TabbinaTbiHbIHA AdMNen KeNTipy YLUiH yrec Kocaabl.

Herisri ce3pep: capkonenusi, kaHT avaberTi, keagecy xwiniri, kayin dakropnapbl
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YACTOTA BCTPEYHAEMOCTHU U HE3ABUCHUMBIE ®AKTOPBI PUCKA CAPKOIIEHUH Y HAIIMEHTOB C
CAXAPHBIM JUABETOM 2 TUITA
B. O3nemup’, I1. Kapaxkaiis?, b. SInpax’, X. Kokorty'

'Oraenenue BHyTpeHHEH MeuimHbl, CTaMOylibcKasi HayqHO-HCCIIeIoBaTelbekas KinHiKa bakbipkéit umenn nokropa Caau Konyk, Cram6yi, Typist
2Otaenenne dHAOKpUHOIOrHH, CTamMOybCcKas Hay4HO-UCCIIeJoBaTeNIbCKast KIMHNKA bakbipkéit umenn nokropa Caau Konyk, Cram0Oys, Typuus

PE3IOME

BBepeHue: [lnabetr — ato pactyLwias npobrnema obLLEeCTBEHHOrO 34PaBOOXPaHEHUS C YBENMYMBAIOLLENCS PacnpoCTPaHEHHOCTBIO OXMUPEHNS
1 cTapeHus HaceneHus myupa. MHorne conyTcTByoLmne 3aboneBaHns, ysa3BUMOCTb M YXYALIEHNS KaK B KAYECTBE XU3HW, Tak U COCTOSIHAM 300POBbS
3TUX NaLUMEHTOB CBSI3aHbl CO CMOXHbIM MCXOAO0M YBENMYEHHOro MHAEKCa Macchl Tena, ctapeHus 1 capkoneHnn. CapkoneHns nmeeT ocoboe 3Hade-
HVe, TaK KaK 3To SIBNSAETCHA 1 MPUYMHON U NCXoAoM 3aboneBaHus AaHHbIX MaLMeHTOoB.

Llenb: Llenbio gaHHOro nccnenoBaHns SIBMSETCS OLEeHKa 4acToTbl BCTPEYaeMOCTM CapKONeHnW, 1 onpeaeneHne He3aBUCMMbIX NMPOrHOCTUYe-
CKUX haKTOPOB CapKOMEHUN y NaLmneHToB ¢ AnabeTom 2 Tuna.

MeToabi: MauneHTbl B Bo3pacTe oT 18 go 65 nert, koTopble Habnoganucb B oTAeneHnn aHgokpuHonorum CtambynbCckon Hay4YHo-uccrneaoBa-
TenbCKOW KNuHWKK bakbipkén  umenn poktopa Cagm KoHyk ¢ AvarHo3om caxapHbiii anabert 2 tuna 6binm BKIYEHbI B JAHHOE PETPOCMNEKTUBHOE
nccnenoBaHuve.

Pesynbrathi: B nccnenosaHue 6bino BknoyeHo Bcero 86 nauneHToB (k/M: 60/26), cpeaHuii Bo3pacT KoTopbix cocTasun 52.9+12.4 ropa. Y ns-
TMaecATU-4eTbipex nauneHToB (62.8%) 6bina capkoneHus (70% xeHWwuH n 46.2% Myx4uH; p=0.040), a Takke y 3TUX NaLneHTOB YPOBeHb anbbymmnHa
ObIn 3HaunTenbHO Boiwe (p=0.037). MHOrohakTopHbI aHanM3 nokasars, YTo He3aBUCUMbIMU MOKa3aTeNnsiM1 CapKOMeHWn OKasanucb crneytoLme:
»eHwmHbl (OR: 3.9; p=0.020), yBennyeHHbIN nHaekc maccel Tena (OR: 1.1 yBenuyeHne Ha egununly; p=0.040), ypoBHu ansbymunHa (OR: 2.7 yBenu-
YeHue Ha eguHuuy; p=0.028) n JIMHM (OR: 1.02 yBenunyeHne Ha eguHuuy; p=0.016), n cHuxeHHbIn ypoBeHb Tr (OR: 1.01 cHuxeHWe Ha eguHuLy;

p=0.004).

3akntoueHume: PesynsTaThl HACTOALLETNO NCCNea0oBaHUS NOATBEPANIN paHee MosyYeHHble 3HaHWS Mo NpeaMeTy, bornee Toro OHV BHOCAT BKraz
B MMeLLMECs foKka3aTenbCcTBa, coobLas 0 TOM, YTO YBENMYEHHbIN YPOBEHb anbbyMyHa SBNAETCS HOBbIM (DakTOPOM prcKa CapKomNeHuu.
KniouyeBble crioBa: capkoneHus, caxapHbiil AMabeT, YacToTa BCTpeYaeMocTu, pakTopbl pucka

Introduction

Excessive muscle loss and associated functional
deteriorations are defined as sarcopenia [1]. Muscle loss is
related with many diseases, but it can occur naturally due to
aging, which is associated with deteriorated muscle functions.
Under physiologic conditions, approximately 1% of the total
muscle mass losses each year after 30 years-of-age [2]. With
recent modifications, sarcopenia definition now includes
decreased walking speed and grip strength along with the
decreased muscle mass [3-5].

Current literature suggests that diabetics have an increased
risk for development of sarcopenia [6]. Previous research on
this topic has provided evidence about the effects of diabetes
on muscle mass [7, 8]. Particularly for the patients with type
1 diabetes, insulin deprivation is the major stimulant for the
increased catabolism of skeletal muscles [9, 10]. Despite the fact
that the mechanism in type 2 diabetes is not so apparent like this,
previous cross-sectional studies found that older diabetic adults
have altered body composition and low skeletal muscle strength,
and lost their knee extensor strength more rapidly than their non-
diabetic counterparts [11]. Also, multivariate analyses assessing
the associations between diabetes and sarcopenia controlling
for the body-mass index (BMI) revealed that the difference
between diabetics and non-diabetics regarding muscle density
was significantly attenuated after adjustment for the BMI, which
suggests that the fat density in the muscle mass was an important
factor for the muscle dysfunctionality [12]. The aim of this study
was to evaluate the frequency of sarcopenia in diabetic patients
and evaluating the independent risk factors in sarcopenia.

Material and methods

This study was conducted at the Endocrinology Department
of Istanbul Bakirkoy Dr. Sadi Konuk Education and Research
Hospital. Patients with Type-2 diabetes between 18 to 65 years
of age were searched from the patient records retrospectively.
Demographic data including age and sex; anthropometric
evaluations including height, weight and body mass index
(BMI); and, laboratory analyses including routine biochemistry,
complete blood count, 25-OH-vitamin D levels, neutrophil/
lymphocyte and platelet/lymphocyte ratios, and hemoglobin

Alc levels were recorded from the patient files. Cases below 18
years of age and older than 65 years of age were not included in
the analyses.

Sarcopenia was diagnosed in patients according to the
definitions of The European Working Group on Sarcopenia in
Older People (EWGSOP).

Statistical Analysis

Descriptive data were presented as frequency and percent
for categorical variables, and mean and standard deviation for
numerical variables. Comparisons of data between patients with
and without sarcopenia were performed with Mann-Whitney
U test, and Chi-Square test for numerical and categorical
variables, respectively. Independent predictors of sarcopenia
were evaluated by a logistic regression model, and Omnibus test
and Hosmer-Lemeshow tests were used to evaluate the model
fit. A p value <0.05 was considered as statistically significant.
All analyses were performed with SPSS 21 (IBM Inc., Armonk,
NY, USA).

Results

A total of 86 patients (F/M 60/26) with a mean age of
52.9+12.4 years were evaluated retrospectively. The comparisons
of demographic, anthropometric, and laboratory analyses
between males and females revealed that ages of patients were
similar, but metabolic ages were significantly lower in males
(p=0.009). Males were taller (p<0.001), and had lower BMIs
than females (p=0.017). Laboratory analyses revealed that TSH
(p=0.004), fT4 (p=0.011), urea (p=0.003), uric acid (p=0.044),
and creatinine (p<0.001) levels were higher in males. All other
parameters were found to be similar between sexes (Tablel).

The measurements regarding muscle mass revealed that
54 patients (62.8%) had sarcopenia. For the sex distribution,
70% of females had sarcopenia, whereas this was 46.2%
for males, and the difference was statistically significant
(p=0.040). Comparisons of other demographic characteristics,
anthropometric measurements, and laboratory analyses between
patients with and without sarcopenia revealed that only albumin
levels were significantly higher in sarcopenia group (p=0.037)
(Table 2).
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Comparison of general characteristics General characteristics of patients with and
Table 1 of patients between sexes LD without sarcopenia

Male Female P Sarcopenia (-) Sarcopenia (+) P
n=26 n=60 n=32 n=54
Age 52415.9 53.3+10.7 1.000 Sex 0.040
Metabolic age 54.4£15.7 64.2£11.9 0.009 Male 14 (53.8) 12 (46.2)
Height 169.57.3 159.7+5.4 0.000 Female 18(30) 42(70)
Weisht ot1s27 0125167 0873 Age 52.8+13.7 52.9+11.7 0.792
°le o eER0 : Metabolic age 59.1x15.5 62.5+12.8 0.472
BMI 32.8+9.1 354266 0.017 Height 162.248.7 162.9:6.8 0.693
25-OH-VitD3 20.6+13.6 21.9:+16.8 1.000
Weight 87.9+17 94.5+21.7 0.344
TSH 5.12.7 3.3:2.3 0.004
T4 21507 L7505 0011 BMI 32.946.9 35.647.7 0.180
25-0H-VitD3 23.8£16 20.2415.7 0.255
WBC 9.1£4.1 8.7+2.2 0.862
TSH 3.9£2.6 3.8+2.5 0.879
Hgb 13415 13.5+1.4 0.573 T4 18405 18407 0.671
Htc 40.6+4.7 41.4+4.6 0.557 WBC 8.9+1.9 8.8+3.3 0.456
MPV 8+2 7.9+1.6 0.873 Hgb 13.541.5 13.5¢1.4 0.876
MCV 84.5+9.2 87+4.7 0.229 Htc 40.95.1 41.3+4.4 0.652
Plt 289.5+82.4 281.7+71 0.602 MPV 7.9+1.9 7.9¢1.6 0.251
Urea 40.8+18.8 30.6+11.5 0.003 Mcv 87+4.3 85.8+7.4 0.802
Uric acid c3s13 cci1o 00t Plt 292:89.3 279.364.1 0.549
+ +
read oE oE : Urea 34316 33.4+14.2 0.876
Creatinine 1.1+0.4 0.8+0.2 0.000 Uric acid 57416 58419 0.932
Albumin 3.4+0.6 3.4+0.6 0.589 Creatinine 0.9+0.5 0.8+0.2 0.655
CRP 3.415.2 1.8+1.4 0.789 Albumin 3.2£0.6 3.5£0.6 0.037
Cortisol 11.8+4.6 11.5¢5.7 0.299 CRP 2.342.8 2.3+3.4 0.491
LDL 145.1£29.2 135.8+38.9 0323 HgbAlc 8.4:1.6 7.9%1L5 0.086
DL 2054104 713 0765 LDL 134.3+37.3 141.2435.8 0.442
+ +
2R MR : HDL 37.4£9.6 43.2413.4 0.055
Tg 259.5£130.9 260.4£128.3 0.796 Tg 203.24146.1 240.54113.5 0.133
Homocysteine 39.6£29.2 51.2£36.9 0.165 Homocysteine 46.134.5 48.7+35.6 0.626
HOMA-IR 12,4485 11.848.3 0.689 HOMA-IR 12.549.3 11.7£7.7 0.979
FBG 165.8+88.3 151.3+78.5 0.478 FBG 171.8+93.7 146.1£72.4 0.221
PLR 22.2+45 22.1:3.8 0.847 PLR 21741 22.4+3.9 0.294
NLR 1.9+2.6 14223 0.789 NLR 1.9+2.8 14222 0.288
Fasting insulin 14.6+7.7 14.8+8.1 0.959 Fasting insulin 15.1+8.5 14.6£7.7 0.813

The independent determinants of sarcopenia were evaluated . .
. . . . . Table 3 Independent predictors for sarcopenia
by a stepwise logistic regression model, with the possible

prognostic factors from univariate analyses including sex, age, OR 95% CI p
BMI, albumin, LDL, HDL, TG, TSH, 25-OH-and VitD3. Final 7 i model
model revealed that females (OR: 3.9; p=0.020), and increased Sex (female vs, male) ~ 4.943 1407-17.366  0.013
BMI (OR: 1.1 per unit increase; p=0.040), albumin (OR: 2.7 per Age 0.994 0.951 - 1.04 0.807
unit increase; p=0.028) and LDL (OR: 1.02 per unit increase; BMI 1.089 0.996 - 1.19 0.061
p=0.016), and decreased Tg (OR: 1.01 per unit decrease; Albumin 2.224 0.874 - 5.662 0.094
p=0.004) levels were independent determinants of sarcopenia. HDL 1.029 0.977 - 1.083 0.283
The final model was found to be valid and fit (Omnibus test LDL 1.021 1.003 - 1.039 0.021
p<0.05; Hosmer-Lemeshow test p>0.05) (Table 3). Ty 0.991 0.986 - 0.997 0.004
DiSCUSSion TSH 1.179 0.918-1.514 0.197
In parallel to the increasing obesity prevalence and aging 25-0H-VitD3 1.005 0.972-1.039 0.772
of the world population, the prevalence of type 2 diabetes is Constant 0.008 i 0.015
also increasing progressively. The Turkish Statistical Institute ~ nalmodel
released the population statistics of 2016 recently, and reported Sex (female vs. male) — 3.903 1.244-12242 0020
that the proportion of population over 65 years is 8.3% in Turkey BMI 1.090 1.004-1.183 0.040
[13]. Another recent report by this institution was the recent Albumin 2.656 1112-6.342 0.028
health survey of Turkey in 2016, which revealed that the obesity LDL Lo21 1.004-1.039 0.016
prevalence is 19.6% over 15 years of age (23.9% for women, T (per unit decrease)  1.008 1.003- 1.013 0.004
Constant 0.001 - 0.005

and 15.2% for men) [14]. For the same time period, Ministry
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of Health reported that the prevalence of diabetes mellitus over
15 years of age was 9.1% (10.9% for females, and 7.1% for
males) [15]. As can be seen from these figures, obesity and type
2 diabetes possess a significant health burden in Turkey, as in the
rest of the World. The consequences of combination of aging,
obesity, and diabetes may be debilitating for the patients. Some
of these are deteriorated quality of life, decreased mobility, and
increased rates of comorbidities associated with these health
problems including sarcopenia. In this study, we have evaluated
the independent determinants of sarcopenia in patients with
diabetes, which is important for identification of preventive
measures, particularly prior to the onset of the disease.

With the recent modifications in the definition of the
sarcopenia, now it includes the decreased muscle mass, and the
decreased strength and functionality [16]. Historically, aging-
related functional deteriorations were thought to be associated
with significantly decreased muscle mass, but research on the
topic showed that functional decline is much more related
with loss in muscle strength than the muscle mass [17]. These
physiological changes may be monitored by routine evaluation
methods including clinical and biochemical assessments, and
may be accounted as independent determinants of sarcopenia.
Our analyses for evaluating this hypothesis revealed that
diabetic patients with sarcopenia were predominantly female,
and had elevated albumin levels in the univariate analyses.
Muscle loss with increasing age is more pronounced for males in
the literature. For the situations like aging and/or other diseases,
testosterone deficiency is more associated with a catabolic
response, which also plays a major role for sarcopenia [18]. On
the other hand, estrogen deficiency was found to be more related
with sarcopenia particularly in postmenopausal women [17]. In
our study, we have not evaluated if the women were pre- or post-
menopausal, but our analyses revealed the female predominance
in the sarcopenia group. This may also be associated with the
nutritional status, obesity or body fat composition, and mobility
and exercise status of the patients.

Secondly, we found that albumin levels were increased in
patients with sarcopenia. The albumin levels in elderly patients
are commonly measured for the assessment of nutritional status
or disease severity [19]. The current evidence suggests that
serum albumin levels may decrease in stress conditions, renal
diseases, liver diseases, inflammation and following surgical
interventions [20, 21]. Since it is biologically plausible for using
this biomarker for assessment of muscle mass, the literature data
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