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ARTICLE INFO ABSTRACT

Keywords: Objectives: To define whether circulating markers of oxidative stress correlate with sarcopenia in terms of
Oxidative stress glutathione balance and oxidative protein damage, and whether these biomarkers are associated with risk of
Sarcopenia cardiovascular disease (CVD).

Glutathione

Study design: Population-based cross-sectional study. 115 out of 347 elderly subjects were classified as non-
sarcopenic non-obese (NS-NO), sarcopenic non-obese (S-NO), non-sarcopenic obese (NS-O), and sarcopenic
obese (S-0).

Main outcome measurements: Sarcopenia was defined as a relative skeletal muscle mass index (RASM) < 7.25 kg/
m? for men or < 5.67 kg/m? for women, while obesity was diagnosed in those presenting with% fat > 27 for
men or > 38 for women. The CVD risk was estimated by the carotid intima-media thickness (IMT) and the
Framingham score. Blood reduced glutathione (GSH), oxidized glutathione (GSSG), plasma malondialdehyde-
(MDA) and 4-hydroxy-2,3-nonenal-(HNE) protein adducts were analyzed.

Results: Significantly greater blood GSSG/GSH ratio and plasma MDA/HNE protein adducts were observed in
sarcopenic than in non-sarcopenic patients. A logistic regression model showed a close relationship between
serum HNE and MDA adducts and sarcopenia (OR = 1.133, 95% CI 1.057-1.215, and OR = 1.592, 95% CI
1.015-1.991, respectively). Linear and logistic regression analysis evidenced strong associations between the
IMT or the Framingham CVD risk category and blood GSSG/GSH or serum HNE protein adducts in the S-O group.
Conclusion: Circulating markers of oxidative stress are increased in sarcopenia and related to CVD risk in sar-
copenic obesity, suggesting that redox balance analysis would be a useful part of a multidimensional evaluation
in aging. Further research is encouraged to support interventional strategies to correct redox imbalance, which
might contribute to the prevention or at least limitation of sarcopenia and its co-morbidities.

Cardiovascular risk

1. Introduction Sarcopenia and obesity share several pathophysiological mechanism
which may potentiate each other, synergistically increasing their effect
on metabolic disorders, cardiovascular disease and mortality [5]. Thus,

the early and correct identification of patients with sarcopenic obesity

Sarcopenia can be defined as an age-related loss of muscle mass and
function associated with poor quality of life and high mortality [1].

Sarcopenia is frequently combined with an increase in body fat, a
condition termed sarcopenic obesity [2]. There is no consensus defini-
tion of both sarcopenia and obesity in aged subjects; as a consequence,
prevalence of sarcopenia and sarcopenic obesity is significantly variable
[3]. The co-presence of both sarcopenia and obesity is predictive of
worse outcomes than either condition alone [4].

is extremely important in order to target preventive and therapeutic
strategies for those at greatest cardiovascular risk.

Clinical diagnosis of sarcopenia is performed by the assessment of
skeletal muscle mass using anthropometry, bioelectrical impedance
analysis (BIA) or dual energy X-ray absorptiometry (DEXA). While an-
thropometric measures and BIA have limited accuracy and validity,

Abbrevations: BIA, bioelectrical impedance analysis; DEXA, dual energy X-ray absorptiometry; BMI, Body Mass Index; HNE, 4-hydroxy-2-nonenal; MDA, malondialdehyde; CVD,
cardiovascular disease; LBM, lean body mass; ASM, appendicular skeletal muscle mass; RSMI, relative skeletal muscle mass index; EWGSOP, European Working Group on Sarcopenia in
Older People; GSH, oxidized glutathione; GSSG, reduced glutathione; TNF-a, tumor necrosis factor alpha; IMT, intima-media thickness; SDM, standard deviation of the mean; ANOVA,
analysis of variance; OR, odds ratio; CI, confidence interval; MNA, Mini Nutritional Assessment
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DEXA provides valid estimates of appendicular skeletal muscle mass,
and skeletal muscle measures with DEXA are associated with physical
disability [6]. Obesity is defined as Body Mass Index (BMI) =30 kg/mz,
and central obesity as a waist circumference > 102 cm in men and
88 cm in women, but these criteria are not appropriate in the elderly
[7]. Currently, little is known about biological markers of sarcopenia
and sarcopenic obesity.

The development of sarcopenic obesity might recognize an intricate
interplay of factors including insulin resistance, altered dietary energy,
and inflammation [8]. Recent studies suggest pathophysiological links
between sarcopenia, sarcopenic obesity and oxidative stress [9]. Oxi-
dative metabolism in skeletal muscle cells produces potentially toxic
free radicals which are neutralized by the intracellular antioxidant
system. Glutathione plays a central role in detoxification reactions and
in the regulation of cellular thiol-disulfide status [10]. One of the in-
dices of systemic oxidative stress is the depletion of circulating glu-
tathione as an index of decreased antioxidant systems in several tissues
[11]. A further consequence of oxidative stress is the peroxidation of
membrane lipids, a process that leads to alterations in the biological
properties of the membrane and to amplification of cellular damage.
Lipid peroxidation produces a variety of relatively stable decomposition
end products, mainly reactive aldehydes such as 4-hydroxy-2-nonenal
(HNE) and malondialdehyde (MDA), which in turn may produce alde-
hyde-protein adducts measurable in serum as indirect oxidative stress
markers [12]. Increasing evidence associates biomarkers of oxidative
stress to several human conditions such as obesity, inflammation, aging
and cardiovascular diseases [13]. Nevertheless, to date no studies have
reported variations of these markers in human sarcopenia as well as
sarcopenic obesity. Thus, the present study was designed in order to
define whether circulating oxidative stress correlates to sarcopenic
obesity in terms of glutathione balance and oxidative protein damage,
and whether these biomarkers are associated with cardiovascular dis-
ease (CVD) risk in this special sub-population.

2. Methods
2.1. Patients

115 out of 347 elderly outpatients attending the geriatric clinic of
the “Casa Sollievo della Sofferenza” hospital in San Giovanni Rotondo
(Foggia, Italy) were enrolled. Subjects < 65 years old or with previous
diagnosis of ischemic heart disease, stroke, liver cirrhosis, chronic
kidney disease, and active cancer were excluded. Further exclusion
criteria were chronic bedridden conditions, physical handicap, severe
neuro-muscular disease, use of drugs affecting body composition or
redox balance, and daily alcohol intake > 40 g. The study was per-
formed according to the Declaration of Helsinki. All patients gave
written informed consent.

2.2. Anthropometric and body composition measurements

Baseline evaluation included subjects’ demographics, co-morbidities
and socio-economic factors. Height, body weight, and waist cir-
cumference were measured according to standardized procedures. Body
mass index (BMI) was calculated as the ratio between weight in kilo-
grams and the square of height in meters. The whole-body dual-energy
X-ray absorptiometry (DEXA) scan Lunar iDXA™ (GE-Healthcare,
Wisconsin, USA) was used for the measurement of fat-free lean body
mass (LBM) and percentage of fat mass. Appendicular skeletal muscle
mass (ASM) was calculated as the sum of LBM from both arms and legs,
according to the method of Heymsfield et al. [14]. Relative skeletal
muscle mass index (RSMI) was defined as ASM divided by height (in
meter) squared.
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2.3. Diagnostic criteria for sarcopenia and obesity

According to the European Working Group on Sarcopenia in Older
People (EWGSOP) criteria, after the assessment of gait speed and grip
strength, each patient underwent a DEXA measurement and sarcopenia
was diagnosed in subjects presenting with a RSMI < 7.25 kg/m? (men)
or < 5.67 kg/m2 (women) [1]. Obesity was diagnosed in patients pre-
senting with% fat mass > 27 (men) or > 38 (women).

2.4. Laboratory measurements

Standard laboratory measurements included serum glucose, gly-
cated haemoglobin, insulin, total cholesterol, LDL- and HDL-choles-
terol, tryglycerides, creatinine, albumin, uric acid, vitamin D, and mi-
croalbuminuria.

A specific enzyme immunoassay kit (Cayman Chemical, Ann Arbor,
MI) was used to measure plasma tumor necrosis factor alpha (TNF-a),
as previously reported [15].

Oxidized (GSH) and reduced (GSSG) glutathione were determined
in whole blood as previously described [15].

Plasma fluorescent adducts formed between peroxidation-derived
aldehydes (HNE and MDA) and proteins were measured by spectro-
fluorimetry as previously reported [16].

2.5. Carotid ultrasonography

Bilateral carotid arteries in longitudinal projections were in-
vestigated by an experienced operator using an ultrasound instrument
(Philips Affiniti 70, Amsterdam, the Netherlands) equipped with a high-
resolution broadband width linear array transducer. The participants
were examined in the supine position. Each participant had intima-
media thickness (IMT) measured on the far wall of the common carotid
artery by longitudinal view [17].

2.6. Cardiovascular disease risk assessment

The CVD risk was estimated by the Framingham risk score, based on
the Framingham Heart Study (National Heart, Lung, and Blood Institute
in Bethesda, MD, USA). The risk score was calculated based on cate-
gorical values of age, sex, total and HDL cholesterol, systolic blood
pressure, smoking, and diabetes [18]. The participants were then stra-
tified into the following three groups: low risk, presenting with less
than 10% CVD risk at 10 years; intermediate-risk, presenting with
10-20% CVD risk at 10 years; high risk, presenting with more than 20%
CVD risk at 10 years.

2.7. Statistical analysis

Data were expressed as count and percentages for qualitative values,
and as mean = standard deviation of the mean (SDM) for quantitative
variables. Gaussian distribution of the samples was evaluated by
Kolgomorov-Smirnov test. The significance of differences between 2
groups (sarcopenic vs non-sarcopenic) was assessed by student’s t-test
(continuous variables) or in contingency tables by Pearson’s Chi-
squared test and Fisher’s exact test (categorical variables). The sig-
nificance of differences between more than 2 groups was assessed by
the one-way analysis of variance (ANOVA) after ascertaining normality
by the Kolgomorov-Smirnov test; the Tukey-Kramer was applied as post
hoc test. The odds ratio (OR) and the 95% confidence interval (CI) were
calculated. Here, ORs > 1 imply a higher chance for SVR relative to the
reference category. Linear regression models were used to analyse the
association between carotid IMT and GSSG/GSH ratio or serum HNE-
protein adducts. Logistic regression models were used to analyse the
association between redox measurements and sarcopenia or sarcopenic
obesity, as well as between the CVD risk categories according to the
Framingham risk score (along with each individual score component)



F. Bellanti et al.

Table 1

Baseline characteristics of the patients included in the study according to the presence or
the absence of sarcopenia. Statistical differences were assessed by student’s t-test or
Pearson’s Chi-squared test.

Non-sarcopenic Sarcopenic P
(N =67) (N = 48)
Age (years) 76.49 + 6.97 77.96 + 6.22 0.206
Gender (M/F) 33/44 28/20 0.336
BMI (kg/mz) 31.94 = 5.86 24.62 = 545 < 0.001
Waist circumference 118.1 + 19.90 102.1 + 18.60 0.001
(cm)
Tricipital fold (cm) 19.91 =+ 14.67 26.40 = 9.32 0.209
Carotid intima-media 0.92 * 0.10 1.01 = 0.13 < 0.001
(cm)
Diabetes mellitus (n, %) 33 (49%) 11 (23%) 0.003
Hypertension (n, %) 55 (82%) 31 (64%) 0.028
Smokers (n, %) 26 (39%) 23 (48%) 0.329
Glucose (mg/dL) 106.9 + 32.65 99.42 = 21.93 0.167
HbAlc (%) 6.74 + 1.88 5.86 = 0.86 0.003
Insulin (U/mL) 6.86 = 2.57 6.84 = 3.09 0.984
Total Cholesterol (mg/ 160.7 = 37.47 144.6 = 50.49 0.052
dL)
LDL-Cholesterol (mg/dL)  96.67 * 33.36 83.46 = 36.64 0.047
HDL-Cholesterol (mg/ 43.15 = 11.11 41.50 = 15.83 0.513
dL)
Tryglycerides (mg/dL) 120.7 + 51.14 105.3 * 52.69 0.119
Creatinine clearance 73.75 = 25.89 56.23 *+ 22.22 0.307
(ml/min)
Albumin (g/dL) 3.83 = 0.43 3.66 = 0.58 0.074
Microalbuminuria (mg/ 98.31 *= 23.26 60.39 *+ 90.58 0.545
24 h)
Uric Acid (mg/dL) 5.69 + 1.64 495 + 1.98 0.028
Vitamin D (ng/mL) 10.11 + 8.31 13.01 + 15.04 0.507

and blood GSH, GSSG, GSSG/GSH ratio, serum HNE- and MDA-protein
adducts. All tests were 2-sided, and P values < 0.05 were considered to
be statistically significant. Statistical analysis was performed with the
Statistical Package for Social Sciences version 23.0 (SPSS, Inc., Chicago,
IL) and the package Graph-Pad Prism 6.0 for Windows (GraphPad
Software, Inc., San Diego, CA).

3. Results

Baseline characteristics of the subjects grouped according to the
absence or presence of sarcopenia are reported in Table 1. The two
groups were comparable in terms of age and gender; nevertheless, the
sarcopenic group showed lower BMI and waist circumference, and a
reduced prevalence of diabetes mellitus and hypertension, as compared
to non-sarcopenic. Accordingly, the mean serum HbAlc value was
lower in sarcopenic rather than non-sarcopenic subjects, as well as LDL-
cholesterol and uric acid levels. The carotid IMT was higher in the
sarcopenic rather than the non-sarcopenic patients (Table 1).

The Supplementary Tables S1 and S2 report differences in measures
obtained by DEXA assessment and by the multidimensional evaluation
in the two groups, respectively. Of note, the Mini Nutritional
Assessment (MNA) score was lower in sarcopenic rather than non-sar-
copenic subjects. The Framingham CVD score was not significantly
different between the two groups (data not shown).

3.1. Sarcopenic patients show increased circulating oxidative stress

To assess the correlation between sarcopenia and oxidative stress,
we measured the redox balance in terms of circulating glutathione
balance and serum proteins oxidatively modified by lipoperoxidative
reactions. A significant decrease in the blood GSH levels was found in
patients with sarcopenia when compared to non-sarcopenic (Fig. 1A).
No difference was observed between the two groups with regard to
GSSG levels (Fig. 1B), nevertheless when the glutathione balance was
expressed in terms of GSSG/GSH, patients with sarcopenia exhibited an
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increase in the ratio as compared to non-sarcopenic subjects (Fig. 1C).

To explore the inflammatory pattern of sarcopenia, we measured
plasma TNF-a and reported significantly higher levels in sarcopenic
with respect to non-sarcopenic patients (Fig. 1D).

To verify whether the circulating glutathione imbalance was related
to oxidative stress in sarcopenia, the level of protein oxidation was
measured in terms of serum HNE- and MDA-protein adducts and the
results are reported in Fig. 1E, F. A marked increase of aldehyde-protein
adducts was evident in sarcopenic as compared to non-sarcopenic
group, significantly for HNE-protein adducts.

To evaluate whether the redox balance could contribute to explain
the presence of sarcopenia, we performed a binary logistic regression
model where sarcopenic/non-sarcopenic was the dependent variable,
and blood GSSG/GSH ratio, serum HNE- and MDA-protein adducts
were the independent variables. As shown in Table 2, the oxidative
stress variables were associated with the presence of sarcopenia: in
particular, the serum HNE- and MDA-protein adducts predicted the
presence of sarcopenia (OR = 1.133, 95% CI 1.057-1.215, and
OR = 1.592, 95% CI 1.015-1.991, respectively).

3.2. Circulating oxidative stress markers are associated with CVD risk in
sarcopenic obesity

51 subjects were found obese when the BMI was applied for the
diagnosis of obesity: of these, 42 were non-sarcopenic but 9 were in-
cluded in the sarcopenic group. Since the BMI could not be appropriate
to diagnose obesity in the elderly [7], we decided to identify the obese
subjects as presenting with% fat mass > 27 (men) or > 38 (women).
According to these criteria, the four following groups of patients were
defined: no sarcopenia-no obesity (NS-NO, n = 8, 7%), no sarcopenia-
obesity (NS-O, n = 59, 51%), sarcopenia-no obesity (S-NO, n = 23,
20%), and sarcopenia-obesity (S-O, n = 25, 22%).

Both BMI and waist circumference were higher in the obese as
compared with non-obese groups; nevertheless, while we did not report
any significant difference in the waist circumference between NS-O and
S-O, the BMI was higher in NS-O as compared to S-O (Supplementary
Fig. S1). Interestingly, blood GSSG/GSH ratio, plasma TNF-a and serum
HNE-/MDA-protein adducts were higher in the S-O group with respect
to the other three groups (Fig. 2A-F).

Notably, Pearson analysis showed that there was a strong correla-
tion between the carotid intima-media thickness and blood GSSG
(r = 0.763, p < 0.001), serum HNE-protein adducts (r = 0.756,
p < 0.001), serum MDA-protein adducts (r = 0.471, p < 0.001). A
logistic regression model correlating S-O with circulating oxidative
stress markers showed a close relationship between GSSG/GSH ratio
(OR =1.4, 95% CI =1.1-2.3) as well as serum HNE-adducts
(OR = 2.3, 95% CI = 1.3-2.7) to sarcopenic obesity. Finally, linear
regression analysis evidenced a strong association between the carotid
intima-media  thickness and blood GSSG/GSH (r? = 0.6294,
p < 0.0001) or serum HNE-protein adducts (r* = 0.625,p < 0.0001)
in the S-O group (Fig. 2G, H); similarly, a logistic regression analysis
associated the Framingham CVD risk category to both blood GSSG/GSH
(r* = 0.662, p < 0.001) and serum HNE-protein adducts (r*> = 0.606,
p < 0.001) in sarcopenic obese patients (Supplementary Fig. S2). To
gain insight into the individual components of the Framingham CVD
risk score, further regression analyses were performed in sarcopenic
patients, showing that GSSG/GSH associated with total cholesterol
(r* = 0.660, p < 0.0001), HDL-cholesterol (r* = 0.662, p = 0.003)
and hypertension (r*> = 0.549, p < 0.02), and HNE-protein adducts
associated with total cholesterol (r* = 0.408, p < 0.027) and HDL-
cholesterol (r? = 0.436, p = 0.018).

4. Discussion

To our knowledge, this is the first study demonstrating that circu-
lating markers of oxidative stress are increased in elderly subjects
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Fig. 1. Changes in oxidized (GSH, panel A), reduced
(GSSG, panel B) blood glutathione levels and GSSG/
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Table 2 increase in visceral fat mass, but no significant changes in total body

Binary logistic expression analysis testing the association between oxidative stress, ex-
pressed as blood GSSG/GSH ratio, serum HNE- and MDA-protein adducts, and sarcopenia.
Statistical differences were assessed by the Chi-square test.

Sarcopenic vs Non-sarcopenic

OR 95% CI p
Blood GSSG/GSH 0.964 0.906-1.025 0.242
Serum HNE-protein adducts 1.133 1.057-1.215 < 0.001
Serum MDA-protein adducts 1.592 1.015-1.991 < 0.001

OR, odds ratio; CI, confidence interval; GSSG, reduced glutathione; GSH, oxidized glu-
tathione; HNE, hydroxynonenal; MDA, malondialdehyde.

presenting with sarcopenia and associate with cardiovascular risk in
sarcopenic obesity.

Ageing is associated with important modifications in body compo-
sition, characterized by a substantial reduction in muscle mass and an

weight [2]. The loss in lean mass decreases energy expenditure leading
to increased obesity risk, and the gain in fat mass induces inflammation
contributing to the development of sarcopenia [19]. The identification
of obesity in sarcopenic subjects is a major concern, since BMI and waist
circumference could not estimate the muscle mass loss in elderly po-
pulation. Indeed, cardiovascular mortality is increased in aged subjects
presenting with a normal as compared to high BMI, a phenomenon
defined as “obesity paradox” [20]. In the current investigation, both
BMI and waist circumference were significantly reduced in the sarco-
penic group; thus, we decided to use the% fat mass obtained by DEXA
measurement to identify elderly subjects with obesity. Even though
computerized tomography and magnetic resonance represent the gold
standard to estimate visceral fat, recent studies indicate that DEXA
represents a valuable alternative quantification method [21].

Both sarcopenia and obesity are associated with metabolic altera-
tions leading to increased disability, morbidity and mortality [22]. It
has previously been suggested that sarcopenia is associated with risk
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Fig. 2. Changes in oxidized (GSH, panel A), reduced
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factors for CVD and may itself be an individual risk factor for CVD [23].
We did not observe any significant changes in the parameters used to
calculate the Framingham CVD risk score between non-sarcopenic and
sarcopenic patients. Of note, the prevalence of diabetes and hyperten-
sion, as well as LDL-cholesterol and glycated haemoglobin, were lower
in sarcopenic rather than non-sarcopenic group. Nevertheless, we de-
scribed a higher carotid IMT in sarcopenic with respect to non-sarco-
penic subjects. Several studies have shown an association between
carotid IMT and future CVD events [24]. Recent observations associate
sarcopenic obesity to cardiovascular disease, however the lack of a
unified definition for sarcopenic obesity contributes to inconsistent
findings about this association [5]. A British Regional Health Study
reported a greater cardiovascular mortality in older men presenting
with sarcopenia and central adiposity [25]. Our data show that

10

sarcopenic patients with increased fat mass present with a higher CVD
risk compared to non-sarcopenic and to sarcopenic non-obese subjects,
suggesting a possible synergic interaction between these two condi-
tions.

Free radicals are produced in both inactive and contracting skeletal
muscles, and when their production exceeds the antioxidant capacity,
oxidative stress occurs [23]. A cross-sectional study reported that oxi-
dative stress is associated with a decline in muscle strength during
aging, suggesting that oxidative damage may contribute to sarcopenia
in elderly subjects [26]. Oxidative stress leads to the formation of
molecules that can be used as markers of injury, such as 4-hydroxy-2-
nonenal (HNE) and malondialdehyde (MDA), which are lipid perox-
idation products able to generate adducts with cellular and circulating
proteins [16]. On the other side, reduced glutathione (GSH) is
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considered to be one of the most important endogenous antioxidant
compounds, since this molecule acts as a free radical scavenger [10].
Altered levels of GSH and GSSG are associated to compromised mus-
cular function in several cellular and animal models of aging [11].
Moreover, we have previously described increased circulating GSSG/
GSH, and serum HNE- and MDA-protein adducts to human frailty [15].
The present investigation reports increased circulating GSSG/GSH le-
vels as well as HNE- and MDA-protein adducts in sarcopenic with re-
spect to non-sarcopenic patients. The higher GSSG/GSH is dependent
on a reduced GSH rather than increased GSSG, suggesting an anti-
oxidant depletion by free radicals excess that is not counterbalanced by
an adequate GSH synthesis, which favours the progression of oxidative
damage. The impact exerted by oxidative stress in sarcopenia devel-
opment was also investigated using a logistic regression model where
redox balance was used as independent variable. A condition of high
oxidative stress increases the risk of suffering from sarcopenia.

Circulating levels of oxidative stress markers are particularly in-
creased in patients presenting with sarcopenic obesity as compared to
the other groups. Oxidative stress plays a determinant role in the pa-
thogenesis of atherosclerosis and consequently of major cardiovascular
diseases, since endothelial dysfunction is characterized by free radicals
overproduction and reduced NO availability [27]. Obesity is also as-
sociated to increased free radicals damage, since oxidative stress mar-
kers are increased and directly related to BMI and fat mass, while there
is an inverse relationship between central adiposity and antioxidant
capacity [28,29]. The present results support the hypothesis that cir-
culating oxidative stress markers are linked to increased CVD risk in
elderly subjects affected by sarcopenic obesity. We could argue that the
simultaneous presence of sarcopenia and obesity, which is associated to
both oxidative stress and a pro-inflammatory state (as indicated by
higher levels of circulating TNF-a), is determinant in the raise of CVD
risk.

This investigation presents several limitations. First, it is possible
that sample size was not enough for drawing solid conclusions.
Moreover, the fact that this study was performed in a single centre may
have presented some bias. Nevertheless, although further multicentre
studies will be required to verify our findings, this study represents an
important step in understanding the association between oxidative
stress and sarcopenia. Even though we could not address the role of
oxidative stress as precipitant or progressive factor in sarcopenia,
speculations can be proposed. An impairment of redox capacity was
described as a component of multisystem efficiency reduction which
occurs in aging [30]. In addition, several chronic diseases may reduce
antioxidant defences. Since co-morbidity is often described in the el-
derly, the redox balance is frequently moved toward the oxidative state
and additional factors such as obesity may increase the susceptibility of
sarcopenic patients to oxidative injury and cardiovascular disease.

5. Conclusions

The present study reported that circulating oxidative stress markers
are increased in sarcopenia and related to cardiovascular disease risk in
sarcopenic obesity. These observations suggest that redox balance
analysis may be considered as part of multidimensional evaluation in
aging, since it is a fast and relatively low-cost method. Upcoming in-
vestigations should be designed to evaluate clinical markers of oxida-
tive stress in biological fluids for the early diagnosis and follow-up of
age-related conditions. Furthermore, it is conceivable that future in-
terventional strategies aiming at the correction of redox imbalance
might contribute to prevent or limit sarcopenia and its co-morbidities.
Future studies are required to define redox-dependent molecular me-
chanisms underlying sarcopenia and sarcopenic obesity, in order to
identify specific markers able to predict sarcopenia development in
elderly subjects.
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