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A B S T R A C T

Objectives: Using the new European Working Group on Sarcopenia in Older People (EWGSOP2) criteria, we
identified sarcopenic and dynapenic patients in a cohort of predialysis patients with chronic kidney disease
(CKD), and evaluated their clinical and laboratory characteristics.
Methods: The study population consisted of 85 (55 men) clinically stable predialysis CKD patients (92.9% in
stages 3�5), with a median age of 65.0 (52.5�72.0) y. We classified as sarcopenic the patients with handgrip
strength (HGS) and muscle mass both lower than the respective EWGSOP2 cutoff values and as dynapenic
those in whom only HGS was less than these reference values. HGS was measured with a hand dynamome-
ter, whereas muscle mass was measured by bioimpedance analysis. Renal function was evaluated as Modifi-
cation of Diet in Renal Disease estimated glomerular filtration rate.
Results: The prevalence of sarcopenia and dynapenia was, respectively, 7.1% and 17.6%. As reported in previ-
ous studies, serum albumin and hemoglobin were lower in sarcopenic patients than in patients with pre-
served muscle mass and strength. However, unlike in these studies, sarcopenia prevalence did not increase
with CKD stage, and estimated glomerular filtration rate was similar between groups. Moreover, no differ-
ence was identified in any of the aforementioned parameters between dynapenic patients and patients with
preserved muscle mass and strength.
Conclusions: The EWGSOP2 criteria identified sarcopenia in CKD with a prevalence similar to previous diag-
nostic criteria. In addition, they found that dynapenia was highly prevalent. Nevertheless, the EWGSOP2 cri-
teria could be better adapted to CKD patients to improve their ability to detect high-risk sarcopenic and
dynapenic patients.

© 2020 Elsevier Inc. All rights reserved.
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Introduction

Sarcopenia is a clinical condition in which mass, strength, and
function of skeletal muscles become slowly and progressively
lower than normal [1]. Alhough originally described in aging, sar-
copenia also occurs in serious systemic diseases such as metastatic
cancer, hepatic cirrhosis, heart failure, and chronic kidney disease
(CKD) [2�7]. In all these conditions the appearance of sarcopenia
predicts a bad prognosis and a higher mortality. For instance, Kim
et al. [8] found that sarcopenia is a major predictor of death and
cardiovascular events in hemodialysis patients, whereas Souza
et al. [9] reported that the prevalence of sarcopenia was higher in
predialysis CKD patients with worse renal function. Interestingly,
recent evidence suggests that the loss of muscle strength is the
main negative prognostic factor in CKD, in which it is associated
with higher mortality, shorter time to end-stage renal disease, and
lower plasma concentrations of serum albumin [10,11]. There is
therefore a great interest in correctly diagnosing sarcopenia and
dynapenia—that is, isolated reduction in muscle strength with no
change in muscle mass— to investigate causative factors linking
these conditions to disease progression and severity. However,
because of the lack of universally shared, harmonized criteria,
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different diagnostic approaches have been used in the past, making
the different studies performed so far hardly comparable. To
address this point, in 2010 the European Working Group on Sarco-
penia in Older People (EWGSOP) issued the first version of its “con-
sensus on definition and diagnosis,” which rapidly became the
reference standard for sarcopenia diagnosis [12]. In this document
it was clearly stated that the diagnosis of sarcopenia requires that
both a low muscle mass and a low muscle function (in terms of
strength or physical performance) are demonstrated by the com-
bined use of instrumental techniques such as dual-energy X-ray
absorptiometry, nuclear magnetic resonance spectroscopy, or bio-
electrical impedance analysis (BIA) for the former, and either
instrumental (handgrip measurement) or physical tests (gait speed
or Short Physical Performance Battery) for the latter [12]. The iso-
lated loss of muscle mass with preserved muscle strength was
defined as presarcopenia in this consensus and identified as an
early stage of sarcopenia [12].

An important limitation of the 2010 EWGSOP consensus was
that it “did not advise specific cut-off points” among the many that
had been proposed before its publication [12]. Recently a revised
version of the European Consensus on Definition and Diagnosis of
Sarcopenia (EWGSOP2) has been released in which clear-cut cut-
offs have been introduced for diagnosis. Another major change in
EWGSOP2 criteria is that they give a much higher relevance in sar-
copenia diagnosis to the loss of muscle strength than the 2010
EWGSOP criteria. More specifically, EWGSOP2 recommends that
patients suspected to be sarcopenic are first screened by assessing
muscle strength either measuring handgrip strength (HGS) or chair
stand and, if low values are found, that sarcopenia diagnosis is con-
firmed by measuring muscle mass. The consensus also states that
the sole demonstration of a subnormal muscle strength is enough
to start treatment. This leaves open the question on whether dyna-
penia should be considered a disease status. Indeed, neither 2010
EWGSOP nor EWGSOP2 did classify this condition as a separate
clinical entity, although experimental evidence indicates that mus-
cle function may be impaired with no apparent loss of mass in
aging and in systemic diseases possibly because of the dysfunction
of neuromuscular transmission [13,14].

The original 2010 EWGSOP criteria were developed for sarcopenia
of aging but have been widely used also for the diagnosis of sarcope-
nia of chronic diseases even though specific validation studies have
not been performed. Likewise, information about the applicability of
the EWGSOP2 diagnostic criteria in systemic diseases such as CKD is
still missing. In the present study we used the new EWGSOP2 criteria
to measure the prevalence of sarcopenia and dynapenia in CKD, and
we evaluated their clinical and laboratory characteristics.
Materials and methods

Study design and inclusion and exclusion criteria

The design of the present study was cross-sectional observational. Patients
with CKD and in regular nutritional follow-up at the Unit of Nutrition in CKD and
Transplantation, Department of Medicine of the Federico II University of Naples,
were proposed to take part to the study and enrolled after signing the informed
consent if they met the inclusion criteria detailed later. At the time of referral to
our unit all the patients were receiving standard of care pharmacologic and nutri-
tional treatment for CKD according to their residual kidney function. After enroll-
ment, patients underwent a complete diagnostic evaluation for sarcopenia
according to the EGOWSP2 guidelines through the assessment of muscle strength
by handgrip dynamometry and of muscle mass by BIA as detailed in the following
paragraphs. Based on the results obtained with these tests, patients were classified
in four subgroups: patients with normal muscle mass and strength, patients with
loss of muscle mass but not of muscle strength, dynapenic patients with isolated
muscle strength loss, and sarcopenic patients with loss of both muscle strength
and mass. The diagnostic evaluation also included a comprehensive nutritional
and functional assessment with biochemistry, anthropometry, and dietary recall.
Inclusion criteria were age older than 18 y and estimated glomerular filtration
rate (eGFR) between 6 and 90 mL/min (stage 1�5 CKD, according to the Kidney
Disease Outcomes Quality Initiative CKD classification). Patients with kidney trans-
plant or with severe infections, malignancy, or edema were excluded.

The primary endpoint of the study was to measure the prevalence of sarcope-
nia and dynapenia. Secondary endpoints were to establish whether there was any
difference in the values of eGFR, hemoglobin, or albumin concentration among
patients with normal muscles, low muscle mass, dynapenia, or sarcopenia.

The experimental protocol was approved by the Ethics Committee of the School
of Medicine of the Federico II University of Naples (protocol number 181/18); proce-
dures were performed according to theWorldMedical Association Helsinki Declara-
tion as revised in 1996.

Anthropometry and body composition analysis

Height and weight were determined with a calibrated stadiometer and scale.
Body mass index (BMI) was defined as the weight in kilograms divided by squared
height (in meters).

Body composition was assessed with BIA using a tetrapolar 50-kHz bioelectri-
cal impedance analyzer (BIA 101 RJL, Akern Bioresearch, Firenze, Italy) [15]. Total
body water, fat mass, and fat free mass were extrapolated from the values of reac-
tance and resistance obtained at BIA by using specific prediction equations.

Appendicular skeletal muscle mass (ASM) was extrapolated by BIA-measured
resistance and reactance using the Kyle prediction equation [16]:

�4:211þ 0:267 � height2�resistance
� �þ 0:095 �weightð Þ þ 1:909 � sexð Þ

þ �0:012 � ageð Þ þ 0:058 � reactanceð Þ

where sex = 1 in men and 0 in women. ASM was normalized to height and
expressed as appendicular muscle/height2 (ASM/h2) [17].

Hand grip strength

Hand grip strength (HGS) was measured on the dominant hand to the nearest
kilogram using a hand dynamometer (78010; Lafayette Instrument Company,
Lafayette, IN, USA). Measurement was performed while keeping the patient in an
upright position with the arms unsupported and parallel to the body. The average
of three consecutive measurements obtained at an interval of 30 s rest between
each measurement was used for the analysis.

Diagnosis of sarcopenia and dynapenia

Sarcopenia was defined as the simultaneous presence of low muscle strength
and low muscle mass, according to EWGSOP2 recommendations [18]. More specif-
ically, we classified as sarcopenic all patients showing both an HGS lower than
27 kg (men) or 16 kg (women) and ASM/h2 lower than 7.0 kg/m2 (men) or 6.0 kg/
m2 (women), whereas patients with only ASM/h2 less than the aforementioned
thresholds were classified as low muscle mass patients [18]. We also classified as
an additional category that we called dynapenia, which included the patients with
low HGS strength and normal ASM/h2.

Dietary nutrient intake

Dietary intake was assessed using 3-d food records [19]. All patients received
detailed instructions on how to fill their journals at home. After 7 d, study partici-
pants returned their food records that were checked for accuracy by a licensed
renal dietitian. Energy intake and macronutrient composition of the diet were ana-
lyzed using the food composition tables of the Italian National Institute of Nutri-
tion, the Souci’s Food Composition Tables, and the Nutrition Tables and the
European Institute of Oncology [20�22].

Blood chemistry tests

The following blood chemistries were determined by standard laboratory pro-
cedures: urea nitrogen, creatinine, albumin, hemoglobin, total cholesterol, triacyl-
glycerols, and glucose. In all patients, eGFR was calculated using the Modification
of Diet in Renal Disease formula [23].

Sample size determination and statistical analysis of the data

Sample size was calculated based on the primary endpoint—that is, the mea-
surement of sarcopenia prevalence in our population of predialysis CKD patients.
Specifically, assuming an expected prevalence of 5%, we estimated that at least 83
patients should have been evaluated to assess sarcopenia prevalence with a 5%
precision and no correction for small population size [24].

Statistical analysis was performed with Sigmaplot for Windows Version 11
(Systat Software, San Jose, CA, USA) and with IBM SPSS 20.0 for Windows (Armonk,
NY, USA), setting the threshold for significance at 0.05. Data were examined for
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normality using the Shapiro-Wilk test and reported as mean and standard devia-
tion of the mean or as median and interquartile range as appropriate. For normally
distributed data statistical comparisons among multiple groups were performed
with one-way analysis of variance and Bonferroni post hoc correction for multiple
comparisons. In the case of non�normally distributed data, we used the Kruskal-
Wallis nonparametric analysis of variance followed by Dunn test for multiple com-
parisons. Partial correlation analysis was used to evaluate the association between
muscle mass or strength and either eGFR, hemoglobin, or serum albumin concen-
tration while controlling for age or eGFR.
Results

Study population

The study population consisted of 85 (55 men) clinically stable
CKD patients (92.9% in stage 3�5) with a median age of 65.0
(52.5�72.0) y and a median BMI of 26.4 (23.3�30.8) kg/m2. The
main laboratory and body composition characteristics of the
patients are summarized in Table 1. A total of 19 patients (22.4% of
total population) were diabetic and under pharmacologic treat-
ment and 17 patients were treated with diuretics (all in stage 3�5,
22% of the stage 3�5 group). Energy and protein intakes were in
the range of the current recommendations for CKD patients on
conservative treatment [25].
Fig. 1. Handgrip (A) and ASM/h2 (B) in the four groups of patients identified with
the revised European Working Group on Sarcopenia in Older People criteria. *P <

0.05 and; yP< 0.001 versus normal; zP < 0.05 versus normal and dynapenia groups.
ASM, appendicular skeletal muscle mass.
Correlation between muscle mass or strength and eGFR, hemoglobin,
or serum albumin

To establish whether in our group of CKD patients the loss of
muscle mass or muscle strength was associated with a more severe
impairment in renal function, we performed a correlation analysis
between HGS or ASM/h2 and either eGFR, hemoglobin or serum
albumin. The results obtained indicated that HGS positively corre-
lated with eGFR (r = 0.25; P = 0.02 after adjustment for age), serum
albumin (r = 0.28; P = 0.01 after adjustment for age and eGFR), and
hemoglobin (r = 0.53; P = 0.00 after adjustment for age and eGFR),
whereas ASM/h2 only correlated with hemoglobin (r = 0.23;
P = 0.04 after adjustment for age and eGFR).
Table 1
Anthropometric characteristics, body composition and blood chemistries of the
whole study population

Sex (male; n, %) 55 (64.7%)
Age (y) 65.0 (52.5�72.0)
CKD vintage (mo) 60.0 (24.0�132.0)
BW (kg) 72.6 (63.8�85.0)
BMI (BW/m2) 26.4 (23.3�30.8)
eGFR (mL/min £ 1.73 m2) 31.0 (18.8�46.0)
CKD stage 1�2 (n, %) 6 (7.1)
CKD stage 3�5 (n, %) 79 (92.9)
Creatinine (mg/dL) 2.0 (1.5�3.0)
BUN (mg/dL) 63.0 (48.0�108.3)
Albumin (g/dL) 4.1 (3.9�4.4)
Hemoglobin (g/dL) 12.9 § 1.8
Cholesterol (mg/dL) 170.5 § 35.1
Triglycerides (mg/dL) 119.5 (92.0�169.0)
Glucose (mg/dL) 89.5 (81.5�109.5)
Diabetes (n, %) 19 (22.4)
FFM (% BW) 71.2 § 9.4
FM (% BW) 29.2 § 9.8
Phase angle (degrees) 5.5 (4.8�6.5)
ASM/h2 (kg/m2) 7.8 (7.0�8.7)
Hand grip (kg) 27.4 § 9.8

ASMI, ASM/h2; BMI, body mass index; BUN, blood urea nitrogen; BW, body weight;
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; FFM, fat
free mass; FM, fat mass
Prevalence of sarcopenia and dynapenia

According to the EWGSOP2 cutoff values, patients were stratified
in four groups: patients with normal muscle mass and strength
(who will be designed as normal in the rest of the text), patients
with low muscle mass, patients with dynapenia, and sarcopenic
patients. More specifically, 55 patients were normal (41 men, 64.7%
of the whole population), 9 had a low muscle mass (2 men, 10.6% of
the whole population), 15 were dynapenic (9 men, 17.6% of the
whole population), and only 6 patients were sarcopenic (3 men,
7.1% of the whole population). Importantly, there was no significant
difference in HGS between dynapenic and sarcopenic patients or in
ASM/h2 between patients with low muscle mass and sarcopenic
patients (Fig. 1). Conversely, ASM/h2 was significantly lower in
patients with low muscle mass than in normal and dynapenic
groups. HGS was significantly lower than in normal patients not
only in dynapenic and in sarcopenic but also in low muscle mass
patients, in whom, however, it remained greater than the cutoff
points for the diagnosis of dynapenia (Fig. 1). The prevalence of sar-
copenia and of dynapenia did not significantly increase with the
severity of CKD. Indeed, the number (and percentages) of sarcopenic
and dynapenic patients, respectively, were 4 out of 39 (10.25%) and
6 out of 39 (15.4%) stage 3; 1 out of 26 (3.84%) and 5 out of 26
(19.2%) stage 4; and 1 out of 14 (7.1%) and 3 out of 14 (15.4%) stage
5. The prevalence of diabetes was significantly higher in patients
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with sarcopenia than in patients with dynapenia, in those with low
muscle mass, and in those with normal muscle mass and strength
(66.7%, 33.3%, 11.1%, and 16.4%, respectively; P< 0.05).

Nutritional status and renal function in sarcopenic and dynapenic
patients

Patients of the four groups had a similar CKD duration, and
although the median age was higher in sarcopenic and dynapenic
groups than in the other two groups of patients, this difference did
not reach statistical significance. BMI was significantly higher in the
normal group compared with the low muscle mass and sarcopenic
groups. No difference was identified in fat mass percentage and in
fat free mass percentage. Remarkably, also the total body water/fat
free mass ratio was similar among the four groups, suggesting a sim-
ilar hydration status. Phase angle was significantly higher in the nor-
mal group compared with the other groups (Table 2).

There was no difference among groups in renal function as esti-
mated with eGFR and in energy and protein intake based on self-
reported energy and protein intakes. Conversely, hemoglobin and
serum albumin concentrations were significantly lower in sarco-
penic patients than in the other groups of patients (Table 2; Fig. 2).

Discussion

In the present study we used the new EWGSOP2 criteria [18] to
measure the prevalence of dynapenia, low muscle mass, and full-
blown sarcopenia in predialysis CKD patients. We also compared
Table 2
Anthropometric characteristics, body composition, and blood chemistries in the four grou
and strength

Normal Lowmusc

No. of patients (n, %) 55 (64.7) 9 (10.6)
Sex (male/female) 41/14 2/7
Age (y) 61.0 (50.0�68.8) 66.0 (48.3
CKD vintage (mo) 60.0 (24.0�132.0) 24.0 (15.0
BW (kg) 81.9 (71.7�94.2) 55.9 (48.5
BMI (kg/m2) 28.6 (25.9�33.1) 22.8 (21.6
eGFR (mL/min ¢ 1.73 m2) 33.0 (20.5�47.0) 19.0 (9.8�
CKD stage 1�2 (n, %) y 5 (83.3) —

CKD stage 3�5 (n,%)z 50 (63.2) 9 (11.3)
Creatinine (mg/dL) 1.9 (1.5�2.8) 2.1 (1.9�3
BUN (mg/dL) 65.0 (47.3�108.8) 50.0 (44.5
Albumin (g/dL) 4.2 (4.0�4.5) 4.1 (4.0�4
Hemoglobin (g/dL) 13.2 §1.8 12.6 § 1.4
Cholesterol (mg/dL) 172.1 § 38.5 175.5 § 2
Triglycerides (mg/dL) 121.0 (95.0�176.3) 100.0 (79
Glucose (mg/dL) 90.5 (84.0�109.0) 82.0 (65.5
Diabetes (%) 16.4 11.1
FFM (% BW) 70.1 § 9.1 73.3 § 10
FM (% BW) 29.8 § 9.2 32.9 § 11
TBW/FFM 0.7 § 0.1 0.877 § 0
Phase angle (degrees) 6.0 § 1.1 5.0 § 0.8x

ASM/h2 (kg/m2) 8.4 § 1.2 5.8 § 0.6*
Handgrip strength (kg) 32.1 § 8.0 21.7 § 5.9
Energy (kcal/kg per day)# 26.3 (23.2�30.6) 29.7 (28.5
Protein (g/kg per day)# 0.8 (0.6�1.0) 0.7 (0.6�0

ASM, appendicular skeletal muscle mass; BMI, body mass index; BUN, blood urea nitroge
tion rate; FFM, fat free mass; FM, fat mass; IBW, ideal body weight; TBW, total body wate
Data are reported as mean § SD or as median (interquartile ratio) as appropriate
*P < 0.001 versus normal.
yPercentages were calculated respect to the total of patients in CKD stage 1�2.
zPercentages were calculated respect to the total of patients in CKD stages 3�5.
xP< 0.05 versus normal.
kP < 0.05 versus low muscle mass.
{P< 0.05 versus dynapenia.
#Energy and protein intake were normalized on IBW (kg).
body composition, renal function, and nutritional status in these
groups of patients. The main finding of our study was that about
10% of the patients had a low muscle mass, 18% were dynapenic,
and 7% were sarcopenic; we also found that there was no differ-
ence in the CKD stage among the different groups of patients.

Only few studies reported the prevalence of sarcopenia in pre-
dialysis CKD patients so far, with variable results depending the
methods used to assess muscle mass and strength and the cutoff
points used for diagnosis. Specifically, Souza et al. [9], who used
dual-energy x-ray absorptiometry, found a sarcopenia prevalence
of 11.9% with the EWGSOP 2010 criteria and 28.7% with the criteria
of the Foundation for the National Institutes of Health Sarcopenia
Project [26], whereas Pereira et al. [27], reported a prevalence of
9.8%, 9.4%, and 5.9% depending on whether midarm muscle cir-
cumference, Subjective Global Assessment of Muscle Performance,
or Skeletal Muscle Mass Index estimated with BIA was used for
diagnosis. To our knowledge the present study is the first to use
the EWGSOP2 criteria to identify sarcopenia in predialysis CKD
patients. The first version of the EWGSOP criteria, which were
issued in 2010 and have been extensively used in the past also in
studies on sarcopenia in CKD, had the important limitation that it
used a New Mexico aged population as a reference standard [28]
and that it did not specify unequivocal cutoff values for diagnosis.
In the 2019 revised EWGSOP2 criteria that we used in the present
study, cutoff values specifically developed for the European popu-
lation were reported [18]. The prevalence of sarcopenia that we
found in our study population (about 7%) was close to the figures
of the aforementioned studies, suggesting that the use of the new
ps of patients identified on the basis of the EGWSOP2 cutoff values for muscle mass

le mass Dynapenia Sarcopenia

15 (17.6) 6 (7.1)
9/6 3/3

�71.5) 74.0 (62.0�79.0) 70.0 (68.0�75.0)
�129.0) 60.0 (18.0�138.0) 30.0 (24.0�36.0)
�57.6)* 66.7 (58.7�72.5)* 54.7 (45.0�62.4)*
�23.4)* 25.0 (23.4�28.5) 20.9 (18.9�21.8)*
30.8) 24.0 (16.0�42.3) 37 (29.0�46.0)

1 (16.6) —

14 (17.7) 6 (7.5)
.6) 2.3 (1.4�3.7) 1.6 (1.2�2.0)
�78.5) 62.0 (49.3�117.0) 73.0 (49.0�81.0)
.4) 4.1 (3.6�4.3) 3.8 (3.5�4.0)x

12.1 § 1.8 11.5 § 0.8x

6.6 159.7 § 28.6 175.8 § 31.0
.8�143.5) 120.0 (110.0�162.0) 106.5 (81.0�138.0)
�87.0) 84.0 (76.3�118.3) 109.5 (960�124.0)k

33.3 66.7*,k

.6 73.6 § 10.8 72.0 § 8.0

.8 26.4 § 10.8 24.6 § 5.9

.03 0.8 § 0.5 0.8 § 0.02
5.0 § 0.9x 4.0 § 0.5*

,{ 7.6 § 0.6 5.7 § 1.1*,{
x 18.1 § 5.9x 15.5 § 6.6x

�32.7) 27.5 (23.9�28.6) 31.3 (29.6�35.6)
.9) 0.7 (0.6�0.9) 0.8 (0.6�0.9)

n; BW, body weight; CKD, chronic kidney disease; eGFR, estimated glomerular filtra-
r



Fig. 2. (A) Hemoglobin, (B) serum albumin, and (C) estimated glomerular filtration rate (eGFR) in the four groups of patients identified with the revised European Working
Group on Sarcopenia in Older People criteria. *P < 0.05 versus normal. ASM, appendicular skeletal muscle mass.
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sarcopenia diagnostic criteria did not impose major changes on the
estimates of the occurrence of this condition in CKD. Moreover, as
already reported in previous investigations, our sarcopenic
patients had lower levels of serum albumin and hemoglobin, two
important markers of the nutritional status in CKD. An additional
similarity between our population of sarcopenic CKD patients and
those of previous investigations was the high prevalence of diabe-
tes, a clinical condition that can contribute to the development of
sarcopenia [29,30]. However, in contrast with studies performed
with previous diagnostic criteria such as those on the NHANES III
(Third National Health and Nutrition Examination Survey) [31] and
KNHANES (Korean National Health and Nutrition Examination Sur-
vey) IV�2, 3 and V�1, 2 cohorts [32,33], in our series of patients
we did not identify a higher prevalence of sarcopenia in the most
advanced stages of CKD. The latter result suggests that the EWG-
SOP2 criteria might be less effective in segregating high-risk sarco-
penic patients from the whole population of predialysis CKD
patients.

An important point of uncertainty in the field of sarcopenia
concerns the loss of muscle strength with preserved muscle mass,
which in the present paper we defined as dynapenia. The 2010 ver-
sion of the EWGSOP criteria did not consider the isolated loss of
muscle strength as a separate clinical entity or suggest a treatment
for it. A major change in the new EWGSOP2 criteria was not only
that the measurement of muscle strength became the primary step
in the algorithm for sarcopenia diagnosis but, in the presence of
muscle strength reduction, treatment for sarcopenia was recom-
mended regardless from whether a muscle mass reduction was
detected or not. This change could be of great relevance for CKD.
Indeed, data from long-term follow-up studies found that renal
outcome in CKD patients depends much more on the loss of muscle
strength than on the loss of muscle mass [10,11,34]. Nevertheless,
to the best of our knowledge the prevalence of dynapenia in CKD
patients has not been investigated so far. By using the EGWSOP2
criteria in our study we found that about 18% of predialysis
patients were dynapenic, a percentage higher than full-blown sar-
copenia or the isolated loss of muscle mass. It is also worth noting
that about 50% of the dynapenic patients were in CKD stage 2 or 3,
suggesting that dynapenia could occur early in the course of this
disease. Interestingly, previous studies found that muscle strength
declines much more rapidly than muscle mass, indicating that the
pathophysiological mechanism of dynapenia could be different
from that of sarcopenia. In agreement with the hypothesis of a
strong association between the loss of muscle strength and the
severity of CKD, in our series of patients HGS significantly corre-
lated with eGFR and with the concentration of hemoglobin and
serum albumin. Nevertheless, the group of patients that we classi-
fied as dynapenic on the basis of the EWGSOP2 criteria did not dif-
fer from those with normal muscle strength either in CKD stage or
in eGFR or in the concentrations of hemoglobin and serum albu-
min. These results suggest that also in dynapenia, as we discussed
earlier for sarcopenia, the EWGSOP2 cut off values could be not so
effective in segregating high risk patients from the rest of the CKD
population. The EWGSOP criteria were, however, developed for
the diagnosis of aging and not CKD-related sarcopenia, and these
two conditions could have substantially different pathophysiologi-
cal mechanisms. Therefore the results of our study add new argu-
ments to the idea that specific diagnostic criteria should be
developed for CKD to be used for prognostic purposes.

The present study has several limitations. First, the number of
patients enrolled was quite small and they came from a restricted
geographic area. Second, we did not perform a long-term follow-
up to assess the relationship between sarcopenia or dynapenia and
prognosis, but we used indirect biomarkers that also could have
been affected by other concomitant confounders such as the nutri-
tional status of the patients or the drug therapy they were taking.
Finally, our dynapenic and sarcopenic patients were older (though
not significantly) than those of the other two groups (i.e., the nor-
mal group with preserved muscle mass and strength and the group
of those with low muscle mass and preserved muscle strength).
Because aging is a causative factor of sarcopenia and dynapenia, it
may have partially contributed to the development of these condi-
tions in our patients independently from CKD.

Conclusions

By using the EGWSOP2 cutoff points in CKD we were success-
ful not only in identifying sarcopenia with a prevalence similar to
previous studies but also in detecting dynapenia, which was
highly prevalent, occurring in about 18% of the study population.
However, these criteria were not effective in segregating high-risk
sarcopenic and dynapenic patients. These results add new argu-
ments to the idea that CKD-specific criteria should be developed to
be used in clinical practice.
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	IntroductionSarcopenia is a clinical condition in which mass, strength, and function of skeletal muscles become slowly and progressively lower than normal [1]. Alhough originally described in aging, sarcopenia also occurs in serious systemic diseases such as metastatic cancer, hepatic cirrhosis, heart failure, and chronic kidney disease (CKD) [2-7]. In all these conditions the appearance of sarcopenia predicts a bad prognosis and a higher mortality. For instance, Kim et al. [8] found that sarcopenia is a major predictor of death and cardiovascular events in hemodialysis patients, whereas Souza et al. [9] reported that the prevalence of sarcopenia was higher in predialysis CKD patients with worse renal function. Interestingly, recent evidence suggests that the loss of muscle strength is the main negative prognostic factor in CKD, in which it is associated with higher mortality, shorter time to end-stage renal disease, and lower plasma concentrations of serum albumin [10,11]. There is therefore a great interest in correctly diagnosing sarcopenia and dynapenia-that is, isolated reduction in muscle strength with no change in muscle mass- to investigate causative factors linking these conditions to disease progression and severity. However, because of the lack of universally shared, harmonized criteria, different diagnostic approaches have been used in the past, making the different studies performed so far hardly comparable. To address this point, in 2010 the European Working Group on Sarcopenia in Older People (EWGSOP) issued the first version of its 
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