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Abstract: Objectives: Oxidative stress may play a role in the pathogenesis of both sarcopenia and diabetes.
Although the risk of sarcopenia is increased in people with type 2 diabetes, the relationship between sarcopenia
oxidative stress and antioxidant status among the older diabetes population is not well studied. The aim of this
present study was to evaluate the relationship between oxidative stress and antioxidant status and sarcopenia
in elderly diabetic patients. Design: This was a cross-sectional designed study with a control group. A total of
60 type 2 diabetic elderly patients were enrolled in the study (30 sarcopenic and 30 controls). Measurements:
Comprehensive geriatric assessments and anthropometric measurements were performed. Sarcopenia was
diagnosed according to the European Working Group on Sarcopenia in Older People. Skeletal muscle mass was
measured using bioelectrical impedance analysis. A handheld dynamometer was used for skeletal muscle strength
measurements. Gait speed was measured using a 4 meter walking test. Plasma malondialdehyde (MDA),
glutathione peroxidase (GSH-Px) and erythrocyte MDA, GSH-Px, superoxide dismutase (SOD), catalase and
xanthine oxidase (XO) measurements were performed. Results: While plasma XO was significantly higher in
sarcopenic individuals (0.406(0.225-0.775)) compared to controls (0.312(0.112-0.712)) (p=0.006), plasma GSH-
Px was significantly lower in sarcopenic individuals (0.154(0.101-0.274)) compared to controls (0.204(0.12-
0312)) (p=0.003). Plasma XO (OR: 2.69 (CI 95% 0.13-52.76, p=0.041) and BMI (OR: 0.6 (CI 95% 0.41-0.89,
p=0.009) were independently associated with sarcopenia of diabetes in multivariate analysis. Conclusions: Only
plasma XO was found to be independently associated with sarcopenia. XO can be important in the pathogenesis
of sarcopenia in diabetes. Oxidative stress and antioxidant status might be associated with sarcopenia in diabetic
older individuals but this association seems to be mediated by other factors. Further studies are needed on this

subject.
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Introduction

Sarcopenia is a syndrome characterized by generalized and
progressive loss of muscle mass and loss of strength, which
can lead to physical disability, poor quality of life and poor
outcomes (1). There are different definitions of sarcopenia.
According to the European Working Group on Sarcopenia in
Older People (EWGSOP), the consensus criteria of low muscle
mass with low muscle strength and/or function are needed to
define sarcopenia (1). The prevalence of sarcopenia varies
between different studies according to the sarcopenia definition
that is used. According to the definition of the European
Working Group on Sarcopenia in Older People (EWGSOP),
the prevalence of sarcopenia in elderly people living at home
is 1-29% (30% in women), 14-33% for those living in nursing
homes (68% in males) and 10% for elderly patients in the
hospital (2). Many different and complex factors play a role
in the etiology of sarcopenia. Among the pathophysiological
causes of sarcopenia are: increase in apoptotic activity of
myofibrils, increase in proinflammatory cytokines, decrease
in anabolic hormones, increased oxidative stress, changes

in mitochondrial function and a reduction in the number of
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a-motor neurons (3).

Oxidative stress is a condition that occurs when the balance
between reactive oxygen radicals that are formed as a result of
normal metabolism in healthy individuals and the antioxidant
system, which is a defense mechanism of the body, is in favor
of radicals. Oxidative stress is an important mechanism that
plays a role in cell senescence, and thus cellular destruction,
cell damage and cell death in pathophysiological events such as
atherosclerosis, diabetes, cancer, chronic inflammatory disease
and central nervous system disorders (4). Oxidative stress plays
an important role in the pathogenesis of sarcopenia as well.
Oxidative stress may interfere with the balance between protein
synthesis and breakdown, cause mitochondrial dysfunction and
induce apoptosis in skeletal muscle tissue (5).

Type 2 Diabetes mellitus (DM), which is a common chronic
disease among older people, is associated with oxidative
stress (6). Diabetic individuals lost muscle strength more
rapidly compared to non-diabetic individuals in The Health,
Aging, and Body Composition Study (7). Sarcopenia is more
prevalent among individuals with type 2 DM, and type 2 DM is
associated with increased risk of sarcopenia (8). Although risk

of sarcopenia in type 2 DM individuals is high, the mechanism
Published online November 20, 2018, http://dx.doi.org/10.1007/s12603-018-1137-y
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in this process is not clear. In addition, factors associated with
sarcopenia among older people with type 2 DM are not well
studied. In this study, we aimed to evaluate oxidative stress and
antioxidant parameters in elderly patients with type 2 DM and
sarcopenia, and the contribution of these factors to sarcopenia
in diabetic individuals.

Methods

Study design and population

This was a cross-sectional case-control study. Individuals
who were admitted to the outpatient clinic of the Geriatric
Medicine Department of Ankara University School of Medicine
were consecutively evaluated for participation in the study.
Inclusion criteria were being = 65 years old, diagnosed with
type 2 DM and having a body mass index (BMI) <30 kg/
m2 in order to prevent recruiting sarcopenic obese subjects.
Exclusion criteria were having acute disease, advanced organ
failure, active malignancy, cachexia, amputated extremities,
extreme pretibial edema, pacemakers, being immobile or bed
bound or using antioxidant drugs. All procedures followed
were in accordance with the ethical standards of the responsible
committee on human experimentation (institutional and
national) and with the Helsinki Declaration of 1975, as revised
in 2008. All patients gave written informed consent. This study
was approved by the ethical committee of Ankara University
School of Medicine. A total of 60 individuals with type 2 DM
(30 type 2 DM with sarcopenia and age/sex matched type 2 DM
without sarcopenia) were enrolled in the study.

Comprehensive geriatric assessment

Demographic data, co-morbidities, duration of diabetes,
medications and fall history within the last 1 year were
recorded. Participants with an education <5 years were
categorized as uneducated, the rest were categorized as
educated. The Katz index was used to evaluate activities of
daily living (ADL). The Lawton instrumental activities of
daily living (IADL) was used to assess IADL. Mini Mental
State Examination (MMSE) test was used to evaluate cognitive
functions. Nutritional status was assessed using the mini
nutritional assessment short form (MNA-SF). The MNA-SF
is made up of six questions extracted from the full MNA
questionnaire. Psychological status of the patients was assessed
with the Geriatric Depression Scale Short Form (GDS-SF).

Anthropometric measurements

Height, body weight, BMI, waist circumference and hip
circumference of all patients were measured. Height was
measured with a height gauge. Body weight was measured with
the subjects wearing light clothing using a digital weighing
machine. BMI was calculated as weight (kilograms) / height
squared (kg/m2). Waist circumference was measured by
determining the midpoint between the lower rib and the iliac
bone. Hip circumference was measured by determining the

widest point on the side of the hip.

Assessment of sarcopenia

Sarcopenia was assessed according to the EWGSOP criteria.
Slow gait speed or weak handgrip strength are indications to
test for low skeletal muscle mass (1). Four meter gait speed
(GS) was measured. Participants walked at their usual speed.
A four meter course was clearly marked on the floor. Walking
time was measured using a digital stopwatch. The participants
were positioned behind the starting line. Measuring time was
started at the first movement of the foot and ended when a foot
completely crossed the finish line. < 0.8 m/s was accepted as
decreased GS (1). Hand grip strength (HGS) was measured
with a handheld digital dynamometer (TKK 5101 Grip-D;
Takei, Tokyo, Japan). Two measurements were taken from the
dominant hand and the highest value was recorded for each
patient. Low hand grip strength was defined as < 30 kg for men
and < 20 kg for women. Skeletal muscle mass was assessed by
bioelectrical impedance analyses (BIA). BIA was performed
using the Quadscan 4000 (Bodystat, PO box 50, Douglas, Isle
of Man, IM99 IDQ, British Isles) body composition analyzer.
The equation that was defined in the study of Jannsen et al. was
used to calculate muscle mass (9);

Skeletal muscle mass (kg)= [height’(cm) / BIA resistance (X
0.401] + [gender X 0.825] + [age(years) X —0.071] + 5.102 (for
gender, female = 0, male = 1)

Resistance value at 50 kHz was used. After calculating
skeletal muscle mass, the absolute skeletal muscle mass was
obtained from the following formula:

Absolute muscle mass =
skeletal muscle mass (kg) / height* (m?)

Values less than 8.87 kg/m? indicated low skeletal mass for
men and values less than 6.42 kg/m? indicated low skeletal
mass for women (1).

Laboratory analysis

Fasting blood glucose (FBG), creatinine, uric acid,
glycolated hemoglobin (HbAlc), vitamin D, lipid profile,
erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP) levels and hemoglobin levels were evaluated by routine
laboratory methods. Glomerular filtration rate (GFR) was
calculated according to the MDRD (modified dietary renal
disease).

Evaluation of oxidative stress and antioxidant status

Malondialdehyde (MDA) level and Xanthine oxidase
(XO) enzyme activity were indicators of oxidant
parameters. Superoxide dismutase (SOD), glutathione
peroxidase (GSH-Px) and catalase enzyme activities were
indicators of antioxidant parameters. MDA and GSH-Px
were measured in both plasma and erythrocytes. SOD and
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catalase were measured in erythrocytes. XO was measured
only in plasma. For these measurements, blood samples were
taken into different whole blood tubes and stored frozen at
-80 ° C after separating the plasma and erythrocytes, in the
Ankara University Medical Faculty Medical Biochemistry
Department Research Laboratory. On the day of examination,
erythrocytes in stored samples were hemolyzed and oxidant and
antioxidant parameters were studied in the obtained erythrocyte
hemolysates and plasma. The MDA level measurement was
performed by a method based on the spectrophotometric
measurement of the absorbance at 532 nm of the pink complex
formed by MDA and thiobarbituric acid (10).

A method based on the reduction of nitroblue tetrazolium
(NBT) compound in the reaction medium was used in the
measurement of SOD enzyme activity when the superoxide
radical formed by the base xanthine-xanthine oxidase
system could not be removed by the SOD enzyme (11). The
spectrophotometric method used to measure GSH-Px enzyme
activity is based on the fact that GSH and hydrogen peroxide
(H202) catalyze the conversion of NADPH to GSH-Px in
water and GSSG (oxidized glutathione) depending on the
amount of GSSG formed (12). Catalase activity was studied
using a method based on the spectrophotometric monitoring
of the decrease in the absorbance value of H202 at 240 nm
in the catalase catalyzed reaction (13). The method based on
the spectrophotometric measurement of the formation of uric
acid of xanthine at 293 nm in the measurement of XO enzyme
activity was used (14).

Statistical analysis

Statistical analysis was performed using SPSS program
(Statistical Package for Social Sciences) for Windows 22.0
(SPSS Inc, Chicago, IL). Descriptive statistics are presented
as mean + standard deviation, median (minimum-maximum),
frequency distribution and percentage. Pearson Chi-square
test and Fisher’s exact test were used to evaluate categorical
variables. The distribution of the variables was examined using
visual (histogram and probability plots) and analytical methods
(Shapiro-Wilk Test). Student’s T-test was used to assess
variables with normal distribution between two independent
groups. Mann-Whitney U test was used to assess variables
without normal distribution between two independent groups.
Logistic regression analysis was used in order to evaluate the
relationship between sarcopenia, oxidant status and antioxidant
status. The relationships between sarcopenia, antioxidant
parameters and oxidant parameters were investigated
separately. Four models were used. In model 1, age, gender and
BMI were adjusted. Diabetes duration, HbAlc and vitamin D
levels were adjusted in model 2. Co-morbidities (osteoporosis,
dementia, cardiovascular diseases and depression) were
adjusted in model 3. Finally, geriatric assessment (ADL, TADL,
cognitive function, mood status and nutrition) were adjusted.
If all oxidant and antioxidant parameters lost statistical
significance before model 4, logistic regression analysis

was stopped. Hosmer-Lemeshow test was used for model
adaptation. Odds ratio (OR) and confidence interval (CI) 95%
are given. Statistical significance level was accepted as p <0.05.

Results

A total of 60 patients were studied. The mean age of the
patients was 78.33 + 5.99. 63.3% of participants were female
and 36.7% of participants were male. Demographic and clinical
data of sarcopenia and control groups are presented in table 1.

Table 1
Demographic and clinical data of sarcopenia and control
groups
Demographic and Clinical Sarcopenia Control p
Variables (n=30) (n=30)
Age (year) X £S 79.60+5.95 77.07+5.85 0.102
Sex (%)
Female 19 (63.3%) 19 (63.3%) 1.000
Male 11 (36.7%) 11 (36.7%)
Level of Education (%)
Uneducated 12 (40%) 13 (43.3%) 0.793
Educated 18 (60%) 17 (56.7%)
Presence of Comorbidities (%) 28 (93.3%) 28 (93.3%) 1.000
Comorbidities (%)
Hypertension 22 (73.3%) 24 (80%) 0.542
CVS® Disease 17 (56.7%) 8(26.7%) 0018
Hyperlipidemia 13 (43.3%) 9 (30%) 0.284
Osteoporosis 12 (40%) 9 (30%) 0417
Depression 4 (13.3%) 3 (10%) 1.000
Dementia 10 (33.3%) 1 (3.3%) 0.003
DM" Duration (year) median 10 (2-35) 11 (2-45) 0.789
(min-max)
Number of drugs used median 6.5 (1-13) 4.5 2-11) 0.028
(min-max)
Number of patients with falls 12 (40%) 10 (33.3%) 0.592
(within last 1 year) (%)
Katz ADL¢ median (min-max) 4 (0-9) 6 (0-6) 0.002
Lawton TADL! median (min- 5(0-17) 14 (0-17) 0.001
max)
MMSE® median (min-max) 18,5 (0-30) 27 (14-30) <0.001
MNA-SF' median (min-max) 12 (8-14) 13 (10-14) 0.085
GDS¢ median (min-max) 4.5 (0-14) 4 (0-25) 0.435

a. Cardiovascular system; b. Diabetes mellitus; c. Activities of daily living; d.
Instrumental activities of daily living; e. Mini mental state examination; f. Mini
nutritional assessment short form; g. Geriatric depression scale.

There was a statistically significant difference between
sarcopenia and control groups in terms of the presence of
dementia and cardiovascular disease and the number of
medications used. The percentage of patients with dementia and
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cardiovascular disease in the sarcopenia group was significantly
higher than the control group. In addition, the number of
drugs used by individuals in the sarcopenia group was
significantly higher than the control group (Table 1). Patients
in the sarcopenia and control groups also showed statistically
significant differences in terms of ADL scores of Katz, Lawton
TADL and MMSE. The ADL scores of Katz, Lawton IADL and
MMSE in the sarcopenia group were significantly lower than
the control group (Table 1).

Anthropometric data and components of sarcopenia in the
sarcopenia and control groups are shown in table 2.

Table 2
Anthropometric data and components of sarcopenia in the
sarcopenia and control groups

Variables Sarcopenia (n=30) Control (n=30) p
BMlIa (kg/m?) 24.43+3.36 27.01+2.56 0.001
Waist circumference (cm) 90.93+9.30 97.00+9.14 0.013
Hip circumference (cm) 98.33+8,74 102.50+8.17 0.061
Absolute skeletal muscle 7.09+1.11 9.01+1.52 <0.001
mass (kg/m?)

Hang grip strength (kg) 16.11+7.24 19.28+6.13 0.073
Gait speed (m/s) 0.43+0.20 0.63+0.10 <0.001

a. Body mass index

Participants with sarcopenia had significantly lower BMI
values compared to controls. Waist circumference was also
significantly lower in participants with sarcopenia compared
to controls. ASM and GS were significantly lower in the
sarcopenia group compared to the control group. However,
there was no difference for HGS between sarcopenia and
control groups (table 2).

Laboratory data, oxidative stress parameters and antioxidant
status of sarcopenic participants and control subjects are
presented in table 3.

There was a significant difference between sarcopenia and
control groups for CRP. There was a statistically significant
difference between plasma GSH-Px and plasma XO values in
sarcopenia and control groups. Plasma GSH-Px values were
significantly lower in the sarcopenia group compared to the
control group, whereas plasma XO values were significantly
higher in the sarcopenia group compared to the control group.
The other laboratory values of participants in the sarcopenia and
control groups were similar (table 3).

The independent effect of predicting the possible causal
factors from previous comparative analyses was evaluated by
multivariable logistic regression analysis and the results are
presented in tables 4 and 5. Sarcopenia status was included as
the dependent variable. The relationship between sarcopenia
and oxidant status was evaluated by logistic regression analysis
in table 4. According to the analysis, it was found that only
plasma XO (OR: 2.69 (CI 95% 0.13-52.76, p=0.041) and BMI

(OR: 0.6 (CI 95% 0.41-0.89, p=0.009) were independent factors
related with sarcopenia at the end of model 4. The relationship
between sarcopenia and antioxidant status was evaluated by
logistic regression analysis in table 5. None of the parameters
of antioxidant parameters were found to be significantly related
with sarcopenia in model 1. No adjustments were made further.

Table 3
Laboratory data, oxidative stress parameters and antioxidant
status of sarcopenic participants and control subjects

Variable Sarcopenia (n=30) Controls (n=30) p
Hemoglobin (g/dL) 12.52+1.63 12.76x+1.18 0.522
FBG* (mg/dL) 120 (75-384) 124 (84-339) 0.807
GFR® median (min-max) 70.0 (21.8-123.0) 79.0 (34.9-141.5) 0.119
Uric Acid (mg/dl) 5.99+1.82 5.66+1.82 0476
Total Cholesterol, (mg/dL) 178 (112-291) 177 (110-253) 0.605
HDL* (mg/dL) 44 (25-88) 18.5 (24-76) 0.261
LDL? (mg/dL) 99.5 (63-198) 106.5 (46-160) 0451
Triglyceride (mg/dL) 147 (57-345) 113 (52-291) 0.723
HbAlce (%) 6.8 (54-14.9) 6.7 (5.3-12.7) 0.706
25-OH Vitamin D (ng/ml) 16.6 (5.5-76.0) 15.3 (3.4-67.0) 0918
CRP! (mg/dl) 4.7(0.1-29.5) 22(0.1-184) 0.021
Plasma MDAg 9.52 (0.56-29.68) 9.96 (1.21-30.81) 0.515
Plasma GSH-Pxh 0.154 (0.101-0.274) 0.204 (0.120-0.312)  0.003
Erythrocyte Catalase 44139.6+£9576.3 48812.2+10021.7 0.07
Erythrocyte GSH-Px 12.67+2.03 13.48+1.48 0.083
Plasma XO' 0.406 (0.225-0.775) 0.312(0.112-0.712)  0.006
Erythrocyte MDA 906.10+330.58 950.60+293.06 0.583
Erythrocyte SOD! 256.78+120.70 287.07+124.92 0.343

a. Fasting blood glucose; b. Glomerular filtration rate; c. High density lipoprotein; d.
Low density lipoprotein; e. Hemoglobin Alc; f. C reactive protein; g. Malondialdehyde;
h. Glutathione peroxidase; i. Xanthine oxidase; j. Superoxide dismutase

Table 4
Multivariate logistic regression analysis for the relation
between sarcopenia and oxidant parameters

MODEL 1
Variables OR* %95 CI° p
Erythrocytes MDAc 1 0.99-1.2 0.89
Plasma MDA 0.96 0.9-1.04 0.38
Plasma XOd 5.54 0.33-101.1 0.017
Age 1.03 0.92-1.15 0.54
Gender
Female Reference 042
Male 0.58 0.15-2.17
BMlIe 0.72 0.56-0.92 0.009
MODEL 2
Variables OR %95 C1 P
Erythrocytes MDA 1 0.99-1.2 0.62
Plasma MDA 097 0.9-1.04 043
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Plasma XO 295 0.59-146.1 0012
Age 1.11 0.96-1.28 0.15
Gender

Female Reference 0.29

Male 0.46 0.11-1.93
BMI 0.68 0.52-0.89 0.006
Diabetes duration 0.94 0.87-1.02 0.17
HbAI® 1.09 0.77-1.55 0.61
Vitamin D levels 1.03 0.99-1.08 0.1
MODEL 3
Variables OR %95 CI p
Erythrocytes MDA 1.01 0.99-1.2 0.542
Plasma MDA 0.94 0.85-1.06 0.15
Plasma XO 4.78 0.23-99.16 0.029
Age 1.14 0.97-1.33 0.1
Gender

Female Reference 0.16

Male 0.27 0.046-1.65
BMI 0.63 0.45-0.88 0.007
Diabetes duration 0.95 0.88-1.04 0.34
HbAI® 1.05 0.68-1.68 0.82
Vitamin D levels 1.05 0.98-1.13 0,11
Dementia 17.39 0.96-314.1 0.053
Depression 8.85 0.53-1454 0.12
Osteoporosis 0.26 0.017-4.19 0.34
CVDf 1.64 0.26-10.03 0.59
MODEL 4
Variables OR %95 CI p
Erythrocytes MDA 1 0.99-1.19 0.91
Plasma MDA 0.93 0.84-1.07 0.15
Plasma XO 2.69 0.13-52.76 0.041
Age 1.02 0.82-1.25 0.8
Gender

Female Reference 049

Male 048 0.06-3.75
BMI 0.6 0.41-0.89 0.009
Diabetes duration 0.98 0.89-1.07 0.71
HbA1© 1.04 0.64-1.65 0.85
Vitamin D levels 1.04 0.97-1.12 023
Dementia 8.88 0.26-302 022
Depression 19.69 0.8-484.6 0.068
Osteoporosis 0.55 0.01-17.33 0.73
CVD 1.66 0.14-19.03 0.68
ADLe 125 0.57-2.75 0.57
IADL" 0.97 0.75-1.25 0.85
MMSE! 0.84 0.68-1.08 0.84
GDS! 0.79 0.74-1.24 0.79
MNA-SF* 13 0.6-2.88 049

a. Odds ratio, b. Confidence interval, c. Malodialdehyde, d. Xanthine oxidase, e. Body
mass index, f. Cardiovascular disease, g. Activities of daily of living, h. Instrumental
activities of daily living, i. Mini mental state examination, j. Geriatric depression scale,
k. Mini nutritional assessment short form

Table 5
Multivariate logistic regression analysis for the relation
between sarcopenia and antioxidant parameters

MODEL 1
Variables OR* %95 CI° p
Erythrocyte GSH-PXc 09 0.6-1.35 0.63
Plasma GSH-PX 0.8 0.24-2.73 0.069
Erythrocytes SODd 1.01 0.99-1.08 0.79
Erythrocytes catalase 1 0.78-2.81 0.69
Age 1.02 091-1.14 0.69
Gender
Female Reference 0.61
Male 0.71 0.194-2.63
BMI® 0.74 0.58-0.94 0.015

a. Odds ratio; b. Confidence interval; c. Glutathione peroxidase; d. Superoxide
dismutase; e. Body mass index

Discussion

In the current study, we examined oxidative stress (MDA
level and XO enzyme activity) and anti-oxidant status
(SOD, GSH-Px and catalase enzyme activities) in diabetic
patients with and without sarcopenia. There was a statistically
significant difference in plasma GSH-Px and plasma XO values
between diabetic patients with and without sarcopenia. Plasma
XO was significantly higher in diabetic participants with
sarcopenia compared to controls. GSH-Px levels were found
to be lower in diabetic sarcopenic subjects. In the literature,
both animal and human studies have conflicting results. In the
literature, there is evidence that XO enzyme activity increases
in aging skeletal muscle. In a study by Ryan et al., XO activity
in the gastrocnemius muscle was 65% higher in older rats
compared to young rats (15). In addition, inhibition of XO
activity reduces oxidative stress and improves skeletal muscle
function in aged mice (16). XO inhibition by Allopurinol
prevents skeletal muscle atrophy in vitro and improves skeletal
muscle strength in individuals with chronic obstructive lung
disease (17, 18). Ji et al. showed that GSH-Px activity in older
rats increased 2-fold in muscle cytosol and 47% in muscle
mitochondria (19). Kumaran et al found that GSH-Px activity
in the skeleton in elderly rats was significantly lower than in
young rats (20). There was no change in skeletal muscle GSH-
Px activity with aging among human subjects in the study of
Pansarasa et al. (21).

Although there are no studies specifically evaluating
oxidative stress in type 2 DM older patients with sarcopenia,
our results and results from the studies above suggest that
oxidative stress might play a role in sarcopenia in type 2 DM
older patients. Possible pathologic mechanisms of oxidative
stress leading to sarcopenia are shifting protein balance
negatively, impairing the function of neuromuscular junctions
and excitation-contraction coupling and cross-bridge cycling
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within the myofibrillar apparatus (22). The other pathological
factors especially associated with sarcopenia in diabetics
are decreased protein synthesis due to insulin resistance,
intramyocellular, intermuscular, intramuscular fat deposition,
neuropathy associated with diabetes and poor muscle perfusion
(23). Although poor glycemic control was also suggested as a
causative factor for sarcopenia among type 2 diabetic patients
(24), this did not affect our study since there was no difference
in HbAlc and FBG levels between study groups in our study.

Among oxidant and antioxidant parameters, only
plasma XO was found to be independently associated with
sarcopenia in multivariate regression analysis (tables 4 and
5). The other factor associated with sarcopenia in diabetic
patients in multivariate regression analysis was low BMI.
Xanthine oxidase can induce free radical generation in skeletal
muscle, and inhibition of xanthine oxidase inhibitor may have
a role in the treatment of sarcopenia. The xanthine oxidase
inhibitor allopurinol was found to prevent this type of damage
in several studies (25). In a rat model of cancer cachexia,
another xanthine oxidase inhibitor, febuxostat, decreased
the loss of lean mass, of which skeletal muscle mass is a
component (26). In addition, xanthine oxidase inhibition
reduces hyperglycemia induced oxidative stress in skeletal
muscle of diabetic mice (27). Xanthine oxidase enzyme seems
to be important in the pathogenesis of sarcopenia, especially
in diabetic patients, and xanthine oxidase inhibition could be
a potential therapeutic approach for sarcopenia of diabetic
individuals. Lack of a significant relationship between oxidative
stress and antioxidant parameters with sarcopenia other than
plasma XO in multivariate regression analysis may be due to
the low number of subjects in our study. Secondly, low BMI is
strongly associated with sarcopenia. That is why BMI may have
attenuated the effect of oxidative stress on sarcopenia in our
study. Low BMI and malnutrition are significant risk factors for
sarcopenia (28).

There are several limitations to this study. One of the
limitations is the small sample of our study. In addition, the
design of our study was cross-sectional with case-control
groups. For this reason, the causal relationship between oxidant
and antioxidant systems and sarcopenia cannot be determined.
Finally, BIA was used for muscle mass assessment. Although
CT or DEXA are the gold standard assessment tools for muscle
mass evaluation, BIA is easier to implement in clinical practice,
is inexpensive and is without ionizing radiation (29).

The strength of the study is that there is no other study
evaluating oxidant-antioxidant parameters in peripheral
blood specimens, specifically in type 2 DM individuals
with sarcopenia. Another strength of this study is the use of
EGWSOP criteria to define sarcopenia, which is a consensus
definition and includes both qualitative and quantitative features
of skeletal muscle.

In conclusion, oxidative stress and imbalance between
oxidative and antioxidant systems may be an important factor
in both type 2 diabetes and sarcopenia. However, larger studies

are needed to evaluate this relationship. In addition, prospective
studies are needed to evaluate the role of antioxidant therapy for
type 2 diabetics with sarcopenia.
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