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A B S T R A C T

Objective: Chronic kidney disease (CKD) is a condition with high cardiovascular mortality associated with
emerging risk factors, including sarcopenia. Several mechanisms can affect muscle mass, such as vitamin D
deficiency, low protein intake, physical inactivity, metabolic acidosis, and inflammation leading to a worsen-
ing of cardiovascular outcomes and cognitive function.
We aimed to evaluate the prevalence of sarcopenia in CKD patients on conservative and replacement therapy
and the associations between sarcopenia and markers of atherosclerosis, endothelial dysfunction, psycholog-
ical and cognitive function.
Methods:Weenrolled CKD patients (stage 3/5 KDIGO [Kidney Disease: Improving Global Outcomes]) and hemo-
dialysis, peritoneal dialysis, and post�kidney transplant patients. Clinical, laboratory and instrumental assess-
ments, including bioimpedance analysis, hand-grip strength, intima media thickness, flow-mediated dilation,
and epicardial adipose tissue, were performed in addition to analysis of psychological and cognitive status by
the Montreal Cognitive Assessment, Mini-Mental State Examination, and Geriatric Depression Scale.
Results: A total of 77 patients (43 male) with a mean age of 69.6 § 9.85 y were studied. According to validated
criteria (using bioimpedance analysis and hand-grip strength), the prevalence of sarcopenia was 49.4%. Sar-
copenic patients had higher values of intima media thickness (P = 0.032) and epicardial adipose tissue
(P = 0.012) and lower flow-mediated dilation (P = 0.002), total cholesterol (P = 0.005), and high-density lipo-
protein cholesterol (P = 0.008) with respect to non-sarcopenic patients. We found higher Geriatric Depression
Scale scores (P = 0.04) in sarcopenic patients, whereas we did not find differences between the two groups in
Mini-Mental State Examination and Montreal Cognitive Assessment score.
Conclusion: Sarcopenia is highly prevalent in CKD/end stage renal disease patients and is associatedwith changes
in early systemic indices of atherosclerosis and endothelial dysfunction, known as markers of worse prognosis.
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Introduction

Sarcopenia is defined by the European Working Group on Sar-
copenia in Older People as the presence of low muscle mass and
lowmuscle function (strength or performance) [1,2].
Several studies, including the National Health and Nutrition
Examination Survey III study, found a high prevalence of sarcope-
nia in patients with low estimated glomerular filtration rate
(eGFR), suggesting that muscle wasting progresses as kidney func-
tion declines [3�5].

The prevalence of sarcopenia or muscle wasting among patients
with end-stage renal disease (ESRD) is 20�44% and around 50% in
dialysis patients [4,5]. Aging is associated with sarcopenia and
chronic kidney disease (CKD), which accelerates the physiological
age-related muscle wasting, determining hormonal, myocellular,
and immunologic modifications through nutritional deficiency,
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metabolic acidosis, vitamin D deficiency, mineral bone disorders,
insulin resistance, proteinuria, and chronic inflammation [5].
Sarcopenia may lead to physical disability, low quality of life, and
psychological distress [6]. In particular, altered nutritional status in
CKD and dialysis patients is often associated with psychological
and cognitive impairment [7]. However, few data are available on
the potential associations between sarcopenia and psychological
and cognitive disorders [8,9]. Importantly, sarcopenia may increase
cardiovascular risk [6], and therefore the prevention and treatment
of muscle wasting in CKD patients appear as an important target
for nephrologists, geriatricians, and nutritionists.

Considering the reduced survival of CKD patients on dialysis, it
appears clinically relevant to stratify the morbidity and mortality
risk factors, with particular attention to cardiovascular risk [10].

The association between sarcopenia and cardiovascular risk has
not been completely clarified, and the assessment of sarcopenia in
this population may be useful to better stratify this risk in CKD.

In this study we aimed to evaluate the associations between sar-
copenia in CKD and ESRD patients and markers of atherosclerosis
and endothelial dysfunction, and secondarily, with psychological and
cognitive function, whichmay be affected during sarcopenia.
Materials and methods

Study design and participants

We conducted a prospective observational study on clinically stable CKD and
ESRD patients, enrolled from January 2015 to July 2016 at the Nephrology Unit of
University Hospital Policlinico Umberto I of Rome, Sapienza University of Rome,
Italy. This study was approved by the Local Clinical Research Ethics Committee with
protocol number 3767.15. The study conforms to the principles outlined in the Dec-
laration of Helsinki, and we obtained a written informed consent from each patient
before the enrollment. We used convenience sampling, including patients with CKD
on conservative therapy (eGFR � 60 mL/min, stage 3/5 KDIGO [Kidney Disease:
Improving Global Outcomes]), patients on hemodialysis (HD), peritoneal dialysis
(PD), and patients after kidney transplant (KT) (without acute renal failure, protein-
uria, or renal infections). Statins, antihypertensive, antiplatelet therapies, or thera-
pies with calcium, calcitriol, and phosphate binders were recorded (continued in all
patients included in the study) in addition to any cardiac event.

Exclusion criteria were heart failure, chronic liver disease, chronic obstructive
pulmonary disease, cerebrovascular disease, malignancy, degenerative neurologic
or psychiatric diseases, and acute coronary syndrome that occurred within 3
months before the enrollment in the study. Also, we did not enroll patients who
refused to give the consent and patients with missing data.

The eGFR was calculated with the abbreviated Modification of Diet in Renal
Disease formula, as defined by Levey et al. [11]. Clinical, laboratory, and instrumen-
tal tests in HD patients were performed during the middle of the week, whereas
PD patients were evaluated before the first replacement of the morning with an
empty peritoneum at routine visits [10]. The Mini-Mental State Examination
(MMSE), Geriatric Depression Scale (GDS), and Montreal Cognitive Assessment
(MoCA) test were also administered in all participants.
Anthropometric assessment

Body weight was determined to the nearest 0.1 kg using a calibrated digital scale.
Bodymass index was calculated by the following formula: (weight [kg] / height [m2]).
Bioelectrical impedance analysis

Bioimpedance analysis (BIA, Akern, Florence, Italy) was performed to assess
body composition using an impedance plethysmograph that emits an 800-mA,
50-kHz alternating current. Measurements were taken with participants in a supine
position for 5 min, according to the manufacturer’s guidelines. In HD patients, we
performed BIA analysis after 1 h from the end of the second HD session of the week,
and all the patients maintained the supine position for this entire period, as previ-
ously described [12,13]. In summary, the analysis of the entire body involved the
placement of two electrohydraulic injectors at the back of the hands and feet at
the distal ends of metacarpals and metatarsals, and two measuring electrodes were
placed on the dorsal surfaces of the wrists and ankles. We then proceeded recording
the impedance, resistance, reactance, and phase angles and the subsequent transfor-
mation into estimates of muscle mass, cell mass, and body water [14].
Skeletal muscle mass measurement by BIA
Skeletal muscle mass (SMM) was calculated using the BIA formula validated by

Janssen et al. [15,16]. Skeletal muscle index (SMI) was calculated by the following
equation: skeletal muscle mass / height2 [2].

Hand-grip strength

Hand-grip strength is the assessment of muscle mass function by means of the
hand dynamometry; it is based on the determination of the strength of the finger
flexor muscles performed with the use of a dynamometer. Hand-grip strength was
evaluated in the upright position, with the dominant arm held away from the
body, and at the request of the examiner, exerted the maximum force of contrac-
tion of the hand. The test was repeated three times, with a minimum interval of
5 min between each test and the mean of the measurements was used to deter-
mine muscle strength [12].

Definition of sarcopenia

According to the consensus of the European Working Group on Sarcopenia in
Older People [2], we defined sarcopenia by the presence of SMI �10.75 kg/m2 in
men and �6.75 kg/m2 in women and hand-grip strength <30 kg in men and
<20 kg in women [2].

Laboratory measurements

Blood samples were performed in the early morning after overnight fasting for
laboratory assessment. In all patients, serum metabolic, nutritional, and inflamma-
tory parameters were assessed using standard automated techniques. Parathyroid
hormone was measured using a two-site assay that measures “intact” hormone
(pg/mL), and 25-hydroxyvitamin D (25-OH vitamin D) (ng/mL) was measured by
radioimmunoassay. Insulin resistance was assessed using the homeostasis model
assessment (HOMA-IR) [17]. Arterial blood gas was performed using a blood gas
analyzer (Nova Phox Plus C).

Echocardiography and epicardial adipose tissue (EAT) assessment

M-mode 2-dimensional echocardiographic examinations by a single experi-
enced sonographer in the echocardiography laboratory, using a standard institu-
tional protocol, were completed. Commercially available instruments (Toshiba
Aplio xV, Toshiba American Medical Systems, Inc., Tustin, CA, USA) equipped with
2.25- to 7.5-MHz imaging transducers were used. The participants were in the left
decubitus position, and the sonographer was blinded to all clinical details of the
patients [10]. All echocardiographic data were recorded according to the guide-
lines of the American Society of Echocardiography [18]. Using a protocol by Kaplan
et al. [19], we performed the measurement of the EAT perpendicularly on the free
wall of the right ventricle at the end of the diastole in the parasternal long-axis
view in three cardiac cycles.

Common carotid intima media thickness assessment

Right and left carotid ultrasound examinations were blindly performed by an
experienced sonographer who was unaware of the characteristics of the patients.
Participants were studied with the high-resolution B-mode ultrasound machine
Toshiba Aplio xV equipped with a 5- to 12-MHz linear transducer with a 0.01-mm
resolution, following a standardized vascular protocol. Intima media thickness
(IMT) was measured at three points on the far walls of both left and right distal
common carotid arteries, carotid bulb, and proximal portion of the internal carotid
arteries [20]. The mean IMT was computed as the average IMT on both sides. The
normal IMT value was 0.55 to 0.9 mm [21].

Flow-mediated dilation brachial artery

According to the method described by Corretti et al. [22], the endothelium-
dependent vasodilation (flow-mediated dilation [FMD]) of the brachial artery was
assessed using a high-resolution B-mode ultrasound machine Toshiba Aplio xV
equipped with a 5- to 12 MHz linear transducer with a 0.01-mm resolution, by the
same blinded experienced ultrasonographer, following a standardized protocol
[21]. This measurement was not assessable in HD patients. FMD was expressed as
the change in poststimulus diameter as a percentage of the baseline diameter.
FMD: (diameter posthyperemia � basal diameter / basal diameter)£ 100. The val-
ues of FMD were considered normal if greater than 10%.

Psychological, compliance, and cognitive tests

All individuals completed standardized psychological and cognitive tests.



Table 1
Patient characteristics

Clinical parameters Patients n = 77

Age, y 69.6 § 9.85
Sex, M:F 43:34
BMI, weight (kg)/height2 (m) 26.34 § 5.18
Waist circumference, cm 93.38 § 12.73
Serum nitrogen, mg/dL 105.68 § 41.42
Creatinine, mg/dL 4.81 § 3.3
Serum uric acid, mg/dL 5.85 § 1.42
Potassium, mEq/L 4.97 § 0.79
Calcium, mg/dL 9.34 § 0.64
Phosphorus, mg/dL 4.15 § 0.99
Hb, g/dL 12.15 § 1.56
Iron, mg/dL 68.02 § 33.62
Transferrin, mg/dL 212.47 § 52.35
Lymphocytes, no. 1720.05 § 540.71
HOMA-IR 4.15 § 2.46
Total cholesterol, mg/dL 175.64 § 38.85
HDL cholesterol, mg/dL 50.99 § 14.26
Triacylglycerol, mg/dL 127.21 § 48.69
iPTH, pg/mL 179.61 § 155.98
25-OH vitamin D, ng/mL 19.25 § 13.83
Albumin, g/dL 3.79 § 0.41
CRP,* mg/dL 3000 (1800; 6000)
Hand-grip strength, kg 28.19 § 8.32
Cardiovascular risk indices
IMT, mm 1.20 § 0.20
FMD, % 9.7 § 4.13
EAT, mm 5.92 § 1.36

BMI, body mass index; CRP, C-reactive protein; EAT, epicardial adipose tissue; F,
female; Hb, hemoglobin; HDL, high-density lipoprotein; HOMA-IR, homeostasis
model assessment; IMT, intima media thickness; iPTH, intact parathyroid hormone;
FMD, flow-mediated dilation; M, male.
Data are show as mean § SD.
*Median (interquartile range).
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The Mini-Mental State Examination
The MMSE was used to evaluate the efficiency intellectual disorders and the

presence of cognitive impairment [23]. The test consists of 30 items, referring to 7
different cognitive areas: orientation in time, orientation in space, recording of
words, attention and calculation, commemoration, language, and constructional
praxis. The MMSE is often used as a screening tool in the investigation of patients
with dementia and neuropsychological syndromes of different natures. The total
score is between a minimum of 0 and a maximum of 30 points. A score �18 indi-
cates severe impairment of cognitive skills, a score between 18 and 24 indicates
moderate to mild impairment, 25 is considered borderline, and 26 to 30 is indica-
tive of cognitive normality.

The Montreal Cognitive Assessment
The MoCA was used for rapid screening of mild cognitive impairment taking

into account different cognitive domains: attention and concentration, executive
functions, memory, language, visuoconstructive skills, abstraction, calculation, and
orientation. The time of administration was approximately 10 min. The maximum
score possible was 30 points; a score �26 was considered normal [24].

Geriatric Depression Scale
The GDS is one of the most widespread scales for the evaluation of depressive

symptoms in older adults, but it can also be used in people with mild-moderate
dementia [25]. This instrument was composed of 30 items excluding the detection
of somatic and psychotic symptoms. The answers were reciprocating (yes/no) and
the score ranged from 0 (not depressed) to 30 (maximum severity of depression),
with a cutoff at 11, indicating clinically relevant depressive symptoms. The sever-
ity of depression was as follows: 0 to 10, absent; 11 to 16, mild to moderate
depression; >17, severe depression [25].

Statistical analyses

The normality of variables was tested by the Shapiro-Wilk normality test. All
continuous normally distributed variables were expressed as mean§ SD. Non-nor-
mally distributed variables were described using median, 25th, and 75th percen-
tiles. Student’s t test or-Mann-Whitney U test were performed to determine
differences between groups. A P value < 0.05 was considered statistically signifi-
cant. Data management and analysis were performed using R Version 3.5.0.

Results

Demographic characteristics of all the participants are shown in
Table 1. There were 80 eligible patients treated at our nephrology
unit; 3 patients were excluded because they declined to give
informed consent. Therefore a total of 77 CKD patients (43 male)
were enrolled (n = 26 on conservative therapy [stage 3/5 KDIGO],
n = 37 on HD or PD, n = 14 KT) with a mean age of 69.6 § 9.85 y.

In our entire cohort, according to the validated criteria [2], 38
patients were sarcopenic (49.4%; 32 male, 6 female), with a muscle
mass (kg) of 24.25 § 5.2 and an SMI (kg/m2) of 9.25 § 1.21.

Nutritional, metabolic, and inflammatory parameters

No differences were found between sarcopenic and non-sarco-
penic patients in creatinine, serum nitrogen, intact parathyroid
hormone, 25-OH vitamin D, C-reactive protein, and uric acid levels
(Table 2).

Moreover, we did not identify differences between the two
groups in serum transferrin, albumin, iron levels, triacylglycerol,
and lymphocytes (Table 2). On the contrary, as expected, body
mass index was different between the two groups (P = 0.030)
(Table 2).

Cardiovascular indices

In sarcopenic patients we documented significantly higher val-
ues of IMT (Fig. 1) and EAT (Fig. 2) (P = 0.032, P = 0.012, respec-
tively) and lower total cholesterol and high-density lipoprotein
cholesterol (P = 0.005, P = 0.008, respectively) compared with those
of non-sarcopenic patients (Table 2). In addition, FMD (%) (evalu-
ated in all the participants with the exception of HD patients) was
lower in sarcopenic with respect to non-sarcopenic patients (7.61
§ 2.74 vs 11.06 § 4.34, P = 0.002).
Cognitive and psychological tests

In the entire cohort we identified an MMSE score of 22.17 §
4.76. No significant differences were found between sarcopenic
and non-sarcopenic patients in MMSE (21.23 § 4.48 versus 23.02
§ 4.90; P = 0.12) and MoCA score (18.8 § 6.8 versus 21.81 § 6.88;
P = 0.076). A higher GDS score was documented in sarcopenic com-
pared with non-sarcopenic patients (7.45 § 4.75 versus 5.15 §
5.02; P = 0.04).
Discussion

Sarcopenia is the progressive, generalized loss of skeletal mus-
cle mass, often associated with reduced physical performance and
muscle strength, and determines functional impairment, cardio-
pulmonary failure, and physical disability. Although sarcopenia is
common as result of aging, it can also occur in younger adults
because of an underlying acute or chronic condition [1,2]. There-
fore, CKD can lead to progressive sarcopenia with a loss in kidney
function. Indeed, the loss of muscle mass may be even more severe
in younger patients with CKD, increasing morbidity and mortality
risk [3]. Factors associated with CKD include nutritional deficiency,
acidosis, mineral bone disorders, insulin resistance, proteinuria,
and chronic inflammation [5].

In particular, older adults may be sarcopenic as a result of age
and yet they may also have good nutritional status. Therefore, to
evaluate specifically the presence of sarcopenia appears clinically
important. In our clinical setting (patients with CKD on



Table 2
Characteristics of non-sarcopenic and sarcopenic patients

Non-sarcopenic patients
n = 39 (11 male)

Sarcopenic patients
n = 38 (32 male)

P

Clinical parameters
Age, y 68.64 § 10.06 70.53 § 9.8 0.408
BMI, weight (kg)/height2 (m) 27.60 § 6.42 25.05 § 3.08 0.030
Waist circumference, cm 95.1 § 14.40 91.61 § 10.66 0.230
Serum nitrogen, mg/dL 104.49 § 42.18 106.94 § 41.15 0.799
Creatinine, mg/dL 4.19 § 2.88 5.45 § 3.62 0.095
Serum uric acid, mg/dL 5.67 § 1.33 6.03 § 1.51 0.270
Potassium, mEq/L 4.76 § 0.6 5.18 § 0.91 0.018
Calcium, mg/dL 9.32 § 0.63 9.36 § 0.67 0.798
Phosphorus, mg/dL 4.19 § 0.93 4.11 § 1.06 0.733
Hb, g/dL 12.08 § 1.76 12.23 § 1.34 0.671
Iron,mg/dL 69.33 § 29.64 66.68 § 37.64 0.732
Transferrin, mg/dL 210.95 § 48.2 214.03 § 56.90 0.798
Lymphocytes, no. 1710.08 § 516.76 1730.03 § 570.44 0.874
Total cholesterol, mg/dL 187.92 § 42.11 163.37 § 31.26 0.005
HDL cholesterol, mg/dL 55.35 § 12.89 46.74 § 14.40 0.008
Triacylglycerol, mg/dL 125.33 § 43.69 129.20 § 54.02 0.732
iPTH, pg/mL 148.05 § 108.05 211.09 § 192.02 0.07
25-OH vitamin D, ng/mL 22.06 § 14.83 16.36 § 12.27 0.07
Albumin, g/dL 3.84 § 0.36 3.73 § 0.46 0.220
CRP, mg/dL 3000 (200; 70000) 3950 (1000; 22000) 0.193
Muscle mass, kg 25.6 § 4.66 24.25 § 5.2 0.23
Hand-grip strength, kg 31.00 § 9.70 25.05 § 4.93 0.002

BMI, body mass index; CRP, C-reactive protein;Hb, hemoglobin; HDL, high-density lipoprotein; iPTH, intact parathyroid hormone.
Data are show as mean § SD.
*Median (interquartile range).
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conservative and replacement therapy), we were expecting a high
prevalence and impact of sarcopenia because of the presence of the
underlying chronic disease.

In the present study we found significant higher values of
markers of atherosclerosis IMT, FMD, and EAT in patients with sar-
copenia, as previously described by others [26].

Kato et al. [27] found that decreased thigh muscle volume and
increased visceral adiposity were independently associated with
markers of atherosclerosis, whereas in our study the waist circum-
ference was not different between the two groups. Beijers et al.
[28] reported an association between changes in body composition
and endothelial dysfunction, and in another study, authors found
Fig. 1. Box plot of intima media thickness (IMT) in sarcopenic and non-sarcopenic patient
patients (1.25§ 0.23 vs 1.16§ 0.16) (p = 0.032). Lines represent the median, 25th, and 75th
mum andmaximum values.
an association between sarcopenia and endothelial dysfunction
with higher cardiovascular risk [29]. Cordeiro et al. [30] found that
EAT accumulation in patients with CKD increased the risk of car-
diovascular events, independent of general adiposity. This is con-
sistent with the local pathogenic effect of EAT on heart vessels.
Epicardial adipose tissue is a visceral deposit of adipose tissue
located between the myocardium and visceral pericardium, pre-
dominantly on the right ventricular free wall and at the left ven-
tricular apex, accounting for approximately 20% of the total heart
weight. It is a particularly active tissue and produces many of the
same proatherogenic and proinflammatory cytokines produced by
the visceral abdominal fat (tumor necrosis factor, monocyte
s. IMT (mm) values were higher in sarcopenic patients with respect to non-sarcopenic
percentiles, and the whiskers (error bars) below and above the box indicate the mini-



Fig. 2. Box plot of epicardial adipose tissue (EAT) in sarcopenic and non-sarcopenic patients. EAT (mm) values were higher in sarcopenic patients with respect to non-sarcopenic
patients (6.46§ 1.08 vs 5.38§ 1.48) (p = 0.012). Lines represent the median, 25th, and 75th percentiles, and the whiskers (error bars) below and above the box indicate the mini-
mum andmaximum values.
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chemotactic protein-1, interleukin-6, resistin, adipokines), which
act locally in a paracrine or vasocrine manner to promote coronary
disease [31]. Epicardial adipose tissue is an emerging novel risk fac-
tor for cardiovascular disease. Kerr et al. [31] described an associa-
tion among EAT and coronary calcification, insulin resistance,
inflammation, and fibroblast growth factor-23 in 93 CKD patients
on conservative therapy.

In our study we found low 25-OH vitamin D levels in the entire
cohort, which tended to be lower in sarcopenic patients than non-
sarcopenic patients, although at the limit of significance.

An inverse correlation between vitamin D levels and markers of
general and abdominal obesity has been noted previously; indeed,
experimental data indicated that vitamin D deficiency induces inflam-
matory cellular infiltration and increases proinflammatory adipokine
expression in EAT, supporting the concept that this may be an alterna-
tive pathway linking vitamin D deficiency and cardiovascular disease
in CKD patients [6]. In fact, the muscle is a target organ for vitamin D,
and when vitamin D binds to the vitamin D receptor in skeletal mus-
cle, muscular protein synthesis and calcium influx from cellular mem-
branes increase. A low vitamin D level is associated with atrophy,
particularly in type 2 muscle fibers, and sarcopenia [6]. Although vita-
min D supplementation improves muscular strength, reduces falls,
prevents fractures, and possibly affects muscle fibers composition and
morphology [32], there is a lack of consensus in the literature regard-
ing the possible benefit of vitamin D supplementation onmuscle mass
and strength.

As in individuals with normal renal function and vitamin D defi-
ciency, patients with CKD have prolongation of the relaxation
phases of muscle contraction, independent of serum calcium, para-
thyroid hormone, or serum phosphorus levels [32]. These observa-
tions suggest a possible role for vitamin D in the myopathy of CKD
[32]. In addition, muscle biopsies in adults with vitamin D defi-
ciency have shown type II fibers atrophy, enlarged interfibrillar
spaces, and infiltration of fat, fibrosis, and glycogen granules. These
morphologic features are not dissimilar from those found in
patients with CKD, with type II muscle fiber atrophy, lipofuscin,
and glycogen deposition [33].

Sarcopenia is also associated with higher risk of cognitive decline,
depressive symptoms, and worse prognosis [34]. Indeed, it was
recently documented that body composition modifications might
play a role in the development of depression and anxiety [35,36]. The
mechanisms underlying the association between depressive symp-
toms and sarcopenia remain largely unknown.

Ishii et al. [37] reported that leptin resistance might be impli-
cated as a mediating factor between sarcopenic obesity and
depression. Previous studies reported the association of depression
with low physical performance [36], assessed by gait speed or
hand-grip strength [37]. Pasco et al. [35] supported the hypothesis
that shared pathophysiological pathways for sarcopenia and the
commonmental disorders constitute links between skeletal muscle
and brain function. The contraction of skeletal muscle releases neu-
rotrophic factors that are known to play a role in mood changes
and anxiety and have the dual role of nourishing neuronal growth
and differentiation while protecting the size and number of motor
units in skeletal muscle [35]. Furthermore, skeletal muscle activity
has important immune and redox effects, affecting behavior and
reducing muscle catabolism [35,36].

In our cohort we found a higher level of depression in patients
with sarcopenia, with a significant difference in GDS results. Moreover,
MoCA scores tended to be lower in sarcopenic versus non-sarcopenic
patients, suggesting a possible cognitive decline, although we did not
find significant differences in MMSE results. These differences could
be explained by the different content of the two tests. In fact, MoCA is
a test that allows an early diagnosis of mild cognitive decline, whereas
MMSE identifies the presence of advanced cognitive impairment [38].
Moreover, depression is one of the reasons for reduced appetite and
hence for low energy/protein intake. Another important cause of mus-
cle wasting in patients with CKD is the permanent low-grade inflam-
mation that is common in CKD even in early stages, although in our
sample we did not find significant differences in C-reactive protein
levels between sarcopenic and non-sarcopenic patients.

In addition to the protein loss and reduction of muscle mass,
another negative phenomenon is the change of the quality of the
muscular compartment. In patients with CKD, some authors identi-
fied an accumulation of fat in the striated muscle cells and in the
form of intermuscular adipose tissue [39]. The current state of
knowledge indicates that kidney disease predisposes to the devel-
opment of sarcopenia [32], although other studies have found that
patients with CKD exhibit mitochondrial dysfunction within the
skeletal muscle compared with healthy individuals [40,41] and
that the reduction of mitochondria in skeletal muscle might pre-
cede the development of sarcopenia [42]. Mitochondrial
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dysfunction is associated with increased oxidative stress, inflam-
mation [43], and atherosclerosis [44], suggesting that impaired
mitochondrial function may also contribute to the pathogenesis of
cardiovascular diseases [40].

Limitations of the study

The limitations of our study are mainly represented by the rela-
tively small number of participants, in particular in the HD/PD and
KT groups, and the cross-sectional design of the study. Also, we
used convenience sampling, which may limit the interpretation of
our results. Therefore, additional prospective multicenter studies
are necessary to confirm associations between sarcopenia and car-
diovascular risk. We used BIA to estimate muscle mass also in CKD
patients, representing a limiting factor as a result of potential
excess in extracellular water in this clinical setting. Moreover, our
study is based on associations with surrogate end points, not clari-
fying a causal relationship.
Conclusions

In our study we found a high prevalence of sarcopenia in CKD/
ESRD patients. In patients with sarcopenia, we found changes in
early systemic markers of atherosclerosis and endothelial dysfunc-
tion (IMT, FMD, and EAT), in addition to a reduction in high-density
lipoprotein levels known as negative prognostic markers. More-
over, sarcopenic patients had altered cognitive function and mood.

Sarcopenia is a condition underestimated in CKD patients, and
therefore skeletal muscle involvement should be systematically
investigated by simple, inexpensive, and non-invasive methods,
such as BIA. The systematic assessment of the muscular component
may be useful to define the prognosis and the cardiovascular risk in
patients with CKD on conservative and replacement therapy.
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