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a b s t r a c t

Objectives: Patients with chronic kidney disease (CKD) are known to develop sarcopenia, an aging-
related disorder, with low muscle mass, strength and physical performance. Ultrasound-derived thigh
muscle and rectus femoris thickness (TMT and RFT) can be measured easily in clinical practice, but need
validation for use in predialysis CKD (stages III through V) for muscle mass estimation. The study aims to
compare ultrasound-derived TMT and RFT with bioelectrical impedance analysis (BIA)-derived muscle
mass estimation in the diagnosis of sarcopenia in predialysis CKD.
Methods: Patients with stable CKD stage III, IV, V and not yet on dialysis were recruited, and underwent
anthropometric assessment, BIA and ultrasound examination of midthigh region. Appendicular skeletal
muscle index (ASMI)/height2 derived from BIA was taken as a standard for the diagnosis of low muscle
mass. Gait speed and handgrip were also measured. The Asian Working Group criteria were applied.
Cutoff values for low muscle mass by TMT and RFT were obtained using receiver operator curve (ROC)
analysis.
Results: Of the total of 117 enrolled study participants, 52 (45%) had low muscle mass, 34 (29%) had
sarcopenia, of whom 79% were male, majority (38%) were CKD stage IV and had a mean age of 58 years.
Using ROC analysis, TMT cutoffs of 19 mm in males and 17 mm in females were computed. Comparison of
TMT cutoffs and ASMI/h2 showed good agreement between the 2 methods using Bland-Altman plots.
Conclusions: Ultrasound-derived TMT and RFT can be used for muscle mass estimation in the diagnosis of
sarcopenia.
© 2022 The Korean Society of Osteoporosis. Publishing services by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Sarcopenia has been recognized as a prevalent condition in
patients with chronic kidney disease (CKD), both prior to and after
renal replacement therapies [1]. Following the initial definitions
laid out a decade ago, many studies have focussed on the preva-
lence, determinants and outcomes of sarcopenia (as a concomitant
condition to protein-energy wasting and cachexia) [2e4]. Patients
with CKD have an accelerated loss of muscle mass, secondary to
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anorexia, inflammation, and increased protein catabolism, which
then lead to reductions in muscle strength and physical perfor-
mance, the other 2 essential prerequisites in the diagnosis of sar-
copenia [5].

CKD-associated sarcopenia is a secondary form of sarcopenia,
whose magnitude exceeds ageing-related loss of muscle mass, and
involves increasedmuscle protein degradation, and atrophy of both
type I and II fibres [6]. In the recent years, the focus of sarcopenia
diagnosis has shifted from pure loss of muscle mass, to initial
measurement of muscle strength and physical performance, prior
to estimation of muscle mass in the current diagnostic algorithms
by the leading societies, EuropeanWorking Group on Sarcopenia in
Older People (EGSWOP2) and the Asian Working Group for Sarco-
penia [7,8]. This is justified by the stronger effect of muscle strength
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rather than mass, on hard clinical outcomes, such as mortality and
hospitalization rates [9]. Hitherto, muscle mass estimation in the
diagnosis of sarcopenia, has been done using anthropometric,
bioelectrical impedance analysis (BIA) based, and imaging based
[primarily computed tomography (CT) and magnetic resonance
imaging (MRI)] methods [5]. The use of ultrasound (US) muscle
thickness and cross-sectional area in the estimation of muscle
mass, has recently been studied, though only sparse data exists for
its use in patients with CKD [10e12]. Compared to CT and MRI, US
has the advantages of lower cost and measurement time, as well as
no radiation exposure. The use of thigh muscle and rectus femoris
thickness over the cross-sectional area, and other muscle charac-
teristics, is not well-validated in CKD populations, but was evalu-
ated in the present study due to the ease of learning for nephrology
trainees.

The present study aims to compare ultrasound-derived thigh
and rectus muscle thickness and bioelectrical impedance-based
appendicular skeletal muscle mass estimation, in the diagnosis of
sarcopenia in patients with predialysis CKD (stages III through V),
and to derivemuscle thickness cutoffs for defining lowmusclemass
in a South Asian CKD population. CKD stages III through V were
chosen during the study design, as sarcopenia and its diagnosis in
patients with dialysis-requiring CKD is better studied than in pre-
dialysis stages, and is affected both by uremic milieu, and the
catabolic effects of the hemodialysis session itself [5]. Also, early
diagnosis of sarcopenia in a patient with predialysis CKD may
present lost opportunities for management of the condition,
especially so, in younger patients with CKD on protein-restricted
diets. Earlier stages of CKD (I and II) constitute only a minor pro-
portion of patients under nephrologists’ care, as the vast majority of
CKD are diagnosed or referred to a nephrologist at more advanced
stages. Based on a previous study done in an elderly non-CKDAsian
population which showed a 4 mm difference in mean thigh muscle
thickness between the sarcopenic and non-sarcopenic groups, an a
cut-off of 0.05, b of 0.2, power of 80%, 112 patients were required to
show differences in the means of sarcopenic versus non-sarcopenic
adults with CKD [13].

2. Methods

The study was conducted in the outpatient clinic at the
Department of Nephrology at a tertiary care teaching hospital in
northern India, between September 2020 and February 2022. The
studywas approved by the institutional ethical committee, andwas
registered (CTRI/2019/10/021731). Patients were included in the
study if they were diagnosed with chronic kidney disease stage III,
IV, V but not yet on renal replacement therapy (according to KDIGO
criteria for the diagnosis of CKD), had visited outpatient depart-
ment at least twice in the year prior to enrolment, had no episode of
acute kidney injury or intercurrent hospitalizations in the 6months
prior to enrolment, and were not on dialysis. The diagnosis of sar-
copenia was established based on the Asian Working Group for
Sarcopenia criteria. Low muscle strength was defined as a hand-
grip strength of < 26 kg in males and < 18 kg in females, and low
gait speed cut-off value was < 0.8 m/s. When a patient had low
muscle strength and/or low gait speed, muscle mass (ASMI/h2)
measured by BIA < 7.0 kg/m2 in males and < 5.7 kg/m2 in females,
was defined as sarcopenia [8]. The study was performed in accor-
dance with the guidelines laid out in the Declaration of Helsinki.

2.1. Clinical, anthropometric and laboratory assessments

Clinical details were collected using a questionnaire, and
anthropometric measurements (height, weight, mid-upper arm
circumference and skin fold thickness) were performed by a trained
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outpatient nurse. Biochemical parameters such as hemoglobin,
serum creatinine and albumin were noted using the hospital in-
formation system. Muscle strength was estimated using an average
of 3 measurements taken from a handheld digital handgrip dyna-
mometer. Gait speed was estimated by walking the patient in a flat
corridor.
2.2. Muscle mass estimation by bioelectrical impedance

The appendicular skeletal muscle mass was measured by posi-
tioning 6 electrodes using the InBody S310® (InBody, Seoul, Korea)
bioelectrical impedance analyser. This machine measures the body
composition according to the differences in conductivity of various
compartments. The voltage is read between receiving electrodes
and corresponds to the tissues’ opposition to the current flow. The
appendicular skeletal muscle index ASMI/h2 was calculated as:
ASMI ¼ arm and leg skeletal muscle mass (kg)/height2(m2).
2.3. Thigh muscle thickness and rectus femoris thickness by
ultrasound

The patient was seated on a chair in the ultrasound examination
room, with the hip and knee joints placed at 90�. Using a tape
measure, the midpoint of greater trochanter and patella were
determined. At this point, the curvilinear transducer of the Sono
Site M-TURBO ®ultrasound machine (Fujifilm Sonosite, Bothell,
WA, USA) was placed perpendicular to the anterior thigh such that
the distance from the femur is the shortest. Drawing an axial cross-
section, the thigh muscle thickness (TMT) was measured as the
distance between the anterior fascia of rectus femoris muscle and
the posterior fascia of the vastus intermedius muscle. Similarly,
rectus femoris thickness (RFT) was measured between the anterior
and posterior fasciae of rectus femoris muscle. A single investigator
(NR) performed ultrasound examination on all the study subjects.
2.4. Statistical analysis

Continuous variables were established as mean with standard
deviation, and if nonparametric (using Kolmogorov-Smirnov test),
then as medians with interquartile ranges. Categorical variables
were expressed as percentages. Correlations were carried out using
Pearson's correlation coefficient. Receiver-operator curve (ROC)
analysis was used to determine cutoffs for reduced muscle mass
when using ultrasound-derived TMT and RFT to diagnose sarco-
penia. The area under the curve (AUC) was used to calculate
sensitivity, specificity and the negative predictive value of the
selected cutoffs for TMT and RFT. Bland-Altman plot analysis and
Cohen's kappa were used to determine agreement between the 2
methods for defining low muscle mass.
3. Results

The study was conducted between January 2021 and February
2022 at a tertiary care teaching hospital in Northern India. A total of
117 patients with stable chronic kidney disease stages III to V (not
on dialysis), were enrolled in the study. Fifty-two patients (45%)
had low muscle mass and 34 (29%) were found to be sarcopenic
according to the Asian Working Group definition. Table 1 shows
that subjects with sarcopenia did not differ significantly from those
without sarcopenia, in terms of age, sex, CKD stage, comorbidities,
etc. Body weight and mid-upper arm circumference were expect-
edly lower in the group with sarcopenia.



Table 1
Baseline clinical, anthropometric and biochemical parameters in study subjects with and without sarcopenia.

Characteristics With sarcopenia (n ¼ 34), mean (SD) Without sarcopenia (n ¼ 83), mean (SD) P-value

Age, yr 55.7 (11.8) 49.9 (15.3) 0.096
Sex 27 males: 7 females 61 males: 22 females 0.184
Duration of CKD, months 18.8 (15.9) 24.0 (20.4) 0.101
Serum creatinine, mg/dL) 3.16 (1.42) 3.43 (1.44) 0.79
Estimated GFR, (mL/min/1.73m2) 26.56 (13.12) 24.13 (11.86) 0.322
CKD stage 3a 3 7 0.638
3b 10 14
4 13 45
5 8 16

Underlying diabetes, % 10 (29.4%) 29 (35.3%) 0.642
Hypertension, % 29 (85.2%) 68 (82.9%) 0.863
Weight, kg 55.1 (8.45) 65.1 (13.3) 0.017
Height, m 1.57 (0.08) 1.59 (0.08) 0.927
Body mass index, kg/m2 22.5 (3.8) 25.7 (5.19) 0.268
Mid upper arm circumference, cm 24.2 (2.6) 26.8 (4.3) 0.032
Skin fold thickness, mm 17.4 (6.2) 20.1 (9.2) 0.113
Hemoglobin, g/dl 10.5 (1.92) 10.7 (2.03) 0.746
Serum albumin, g/dl 3.89 (0.57) 3.96 (0.57) 0.525

CKD, chronic kidney disease; GFR, glomerular filtration rate.
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3.1. Muscle mass and strength parameters

Muscle mass measurements by bioimpedance and ultrasound
are presented in Table 2. Majority of skeletal muscle mass indices,
as well as ultrasound-derived thigh muscle thickness (TMT) and
rectus femoris thickness (RFT) were expectedly lower in the group
with sarcopenia. Fig. 1 and Fig. 2 show that ultrasound derived TMT
and RFT correlate with ASM/h2 (r ¼ 0.402, P < 0.001 for TMT,
r ¼ 0.438, P < 0.001 for RFT). Ultrasound-derived TMT and RFT
correlated with average handgrip strength, walking speed, mid-
upper arm circumference and serum albumin level.

3.2. Determination of ultrasound-derived TMT and RFT cutoffs

Table 3 shows the sensitivity, specificity and negative predictive
values for ultrasound-derived TMT and RFT cutoffs in the diagnosis
of sarcopenia. The area under the curve (AUC) in the receiver-
operator curve (ROC) analysis was 0.75 in males and 0.59 in fe-
males using TMT, and the AUC was 0.75 in males and 0.63 in fe-
males while using RFT, confirming moderate reliability. Fig. 1aec
and 2a-c show the ROC curves displaying the AUC for TMT and RFT
in males and females, respectively.
Table 2
Muscle mass, strength and gait in subjects with and without sarcopenia.

Characteristics Males (n ¼ 88)

With sarcopenia (n ¼ 27)
mean (SD)

Without sarcopenia (n ¼ 61)
mean (SD)

Total muscle mass, kg 20.01 (2.58) 24.42 (4.06)
SLM right upper limb,

kg
1.87 (0.35) 2.35 (0.59)

SLM left upper limb, kg 1.83 (0.32) 2.28 (0.50)
SLM trunk, kg 17.25 (2.17) 19.91 (3.71)
SLM right lower limb,

kg
6.00 (0.92) 7.54 (1.36)

SLM left lower limb, kg 5.99 (0.99) 7.43 (1.30)
Composite ASMI, kg 15.71 (2.45) 19.61 (3.44)
ASMI/height2, kg/m2 6.09 (0.63) 7.43 (0.15)
Thigh muscle thickness,

cm
1.73 (0.35) 2.14 (0.48)

Rectus femoris
thickness, cm

0.94 (0.26) 1.14 (0.27)

Handgrip strength, kg 22.0 (5.4) 28.6 (7.8)
Gait speed, m/s 0.76 (0.17) 0.85 (0.12)

SLM, skeletal lean mass; ASMI, appendicular skeletal muscle index.
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3.3. Comparison of bioimpedance-based and ultrasound-derived
measures in the diagnosis of sarcopenia

Cohen's kappa was run to determine the level of agreement
between BIA-based ASMI/h2 and ultrasound-derived TMTcutoffs in
the diagnosis of sarcopenia. There was moderate agreement be-
tween the 2 methods (k ¼ 0.59, 95% CI, 0.38-0.79, P ¼ 0.001). The
Bland-Altman plot analysis showed good agreement between the 2
methods while using TMTand RFTcutoffs derived in the study, as in
Fig. 3a and b.

4. Discussion

The present study supports the use of skeletal muscle ultra-
sound as a tool for musclemass assessment in patients with chronic
kidney disease, as both ultrasound derived-TMT and RFT were
found to be significantly correlated to the ASMI measured using
bioelectrical impedance method.

While early definitions of sarcopenia identified it as an aging
induced loss of muscle mass, with improved understanding over
the years, the current operational definitions of sarcopenia require
the presence of both low muscle mass as well as low strength. The
Females (n ¼ 29)

p-
value

With sarcopenia (n ¼ 7)
mean (SD)

Without sarcopenia (n ¼ 22)
mean (SD)

P-
value

0.132 14.79 (1.35) 18.01 (2.67) 0.20
0.000 1.35 (0.17) 1.61 (0.35) 0.04

0.083 1.27 (0.18) 1.65 (0.45) 0.25
0.063 13.74 (1.12) 15.63 (2.48) 0.15
0.04 4.35 (0.54) 5.39 (1.05) 0.10

0.07 4.27 (0.51) 5.29 (1.00) 0.14
0.000 11.25 (1.31) 13.96 (2.52) 0.05
0.000 5.14 (0.53) 6.19 (0.97) 0.048
0.000 1.75 (0.65) 2.01 (0.46) 0.05

0.000 0.94 (0.26) 1.14 (0.27) 0.047

0.018 14.5 (3.4) 19.7 (2.8) 0.07
0.000 0.75 (0.08) 0.79 (0.15) 0.16



Fig. 1. Receiver-operator curves for ultrasound-derived thigh muscle thickness (a) for the diagnosis of sarcopenia in male (b) and female (c).

Table 3
Sensitivity and specificity values for ultrasound-derived muscle thickness for diag-
nosis of sarcopenia.

Method Area under curve Cutoffs Sensitivity Specificity P-value

Thigh muscle thickness, cm
Males 0.748 1.9 70% 70% 0.000
Females 0.594 1.7 70% 55% 0.10
Rectus femoris thickness, cm
Males 0.749 1.1 76% 64% 0.000
Females 0.628 1.0 70% 55% 0.09
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Asian Working group diagnostic algorithm (which was utilized in
the present study) involves evaluation of physical performance and
muscle strength as a first step, and muscle mass estimation only
when there is evidence of low muscle strength and/or physical
performance, thus laying primary emphasis on functional distur-
bances, rather than anatomical ones. However, only few prior
studies evaluated both muscle mass, strength and physical perfor-
mance in stable CKD and reported much lower prevalence rates,
from 10% to 24%, similar to the present study, thus supporting the
hypothesis that not all muscle mass reduction equals sarcopenia, in
patients with CKD [14e16].

Muscle mass reduction has a variable prevalence, ranging from
Fig. 2. Receiver-operator curves for ultrasound-derived rectus femoris thi
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6% to 62% in patients with CKD, as evaluated by MUAC, CT, DXA or
BIA, including a recent Indian study which found an unusually high
prevalence of sarcopenia, up to 69% (using only muscle mass esti-
mation, and not muscle strength; mean age up to 50.9 years)
[14e18]. Up to 45% of the patients in the present study had low
muscle mass by the BIA derived-ASMI/h2 criteria. In another
multicenter study involving non-CKD subjects of various ethnic-
ities, Indian participants were found to have significantly lower
muscle mass than other ethnicities [19]. The role of ethnicity in
predisposition to sarcopenia is presently unclear, when combined
with the effects of metabolic acidosis, concomitant diabetes, hy-
pothyroidism, protein-restricted diet, and fall in eGFR, all of which
contribute to muscle wasting in CKD.

The majority of previous studies evaluating sarcopenia in pre-
dialysis CKD have focussed on elderly CKD patients [12e15]. The
mean age of enrolled participants in these studies, was consistently
> 60 years. To our knowledge, only 2 studies examined sarcopenia
in the setting of younger (< 60 years) predialysis CKD, a Brazilian
study which compared MUAC, BIA and DXA-based muscle mass
estimation with mortality (the mean age of participants in the
study was 59.5 years), and the Indian study mentioned above,
which had amean age of 50.9 years, and inwhich BIA-basedmuscle
wasting was seen in 69% of study subjects [14,18]. Our study pop-
ulation was also younger (mean age of 51.6 years), with 45% of the
ckness (a) for the diagnosis of sarcopenia in male (b) and female (c).



Fig. 3. Bland-Altman plot of differences between low extremity muscle mass estimation (a: thigh muscle thickness; b: rectus femoris thickness) derived by ultrasound and
bioelectrical impedance.
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study subjects having low muscle mass based on the ASMI/h2

criteria and 29% being diagnosed with sarcopenia.
Sarcopenia is increasingly being recognized as a contributor to

morbidity andmortality in patients with CKD, and on hemodialysis,
but it is important to note that the diagnostic criteria for sarcopenia
are not CKD-specific, and their performance in large CKD cohorts is
not yet well studied. Diagnosing sarcopenia in patients with CKD
can identify the subset of patients who can benefit the most from
dietary and physical exercise related interventions. Therefore, it is
important to reliably diagnose sarcopenia using commonly avail-
able equipment in nephrology practice. Ultrasound derived mea-
sures of muscle mass estimation have been hitherto used in a few
studies, and demonstrated good correlation between the ultra-
sound and the bioelectrical impedance-based measures [10e12].
However, muscle mass cutoffs by both methods differ by sex and
ethnicity, and may possibly be influenced by the underlying cause
of sarcopenia. For example, a study done in an ageing Asian pop-
ulationwith no comorbidities, highlighted TMTcutoffs of 36 mm in
males and 32 mm in females, corresponding to the BIA-derived
ASMI values of < 7.0 kg/m2 and < 5.7 kg/m2 in males and females
respectively [13]. These were much higher than the TMT and RFT
cutoffs derived in the present study done in prevalent patients with
CKD stages III to V. Whether these differences are secondary to CKD
per se, or South Asian ethnicity, or yet other factors, is unclear. With
increasing focus on point-of-care ultrasound (POCUS) examination
in nephrology, the use of easily reproducible measures of muscle
mass such as TMT and RFT can be incorporated into diagnostic al-
gorithms for sarcopenia in CKD clinics. Also, TMT and RFT are easier
to measure than cross-sectional area (CSA), especially so for clini-
cians using bedside ultrasound.

The strengths of the study are the use of a homogenous,
representative stable CKD study population, and diagnosing sar-
copenia based on standardized measures of muscle mass, strength
and physical performance, rather than relying only on muscle mass
estimation alone. Also, all the ultrasound examinations were per-
formed by a single operator, thus minimizing variability. To our
knowledge, this is the first study to examine the prevalence of
sarcopenia based on Asian Working Group criteria in a predialysis
Indian CKD population. The study is limited by the lack of a vali-
dation cohort to compare ultrasound and bioimpedance based
muscle mass estimation, using the cutoffs defined in this study.
Inclusion of a control group of similar age group but with normal
renal function, may have allowed for comparisons with the muscle
mass and strength measured in patients with CKD. The limited
number of patients per CKD stage does not allow for intra-stage
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comparisons. Further studies should look into dietary and exer-
cise interventions in the progression of sarcopenia among patients
with predialysis CKD.

5. Conclusions

The study found sarcopenia to be prevalent in up to 29% of
participants. Ultrasound-derived thigh muscle and rectus femoris
thickness correlated significantly with muscle mass estimation
using bioelectrical impedance, and therefore, can be utilized in the
diagnosis of sarcopenia in patients with predialysis CKD. The study
proposes thigh muscle thickness cutoffs of 19 mm and 17 mm, for
males and females respectively, for the diagnosis of low muscle
mass in this South Asian ethnic population with CKD.
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