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Abstract
Background  Estimation of muscle mass is a pivotal component in the diagnosis of protein-energy wasting and sarcopenia. 
While bioimpedance spectroscopy is a widely  accepted technique for the assessment of lean tissue related to the diagnosis 
of sarcopenia, to date skeletal muscle ultrasound (US) has not gained full acceptance for this purpose. The aim of this study 
was to assess the predictive value for mortality of the indexed thickness of the quadriceps vastus intermedius, as measured 
by US, compared to lean tissue index as estimated by bioimpedance spectroscopy, both combined with handgrip strength in 
a group of patients with end-stage kidney disease (ESKD) on maintenance hemodialysis (HD).
Methods  The cut-off values for low handgrip strength were < 27 kg for males and < 16 kg for females. The cut-off value for 
low lean tissue index was obtained from an age-matched healthy control group, with low lean tissue index being defined as 
values below the 10th percentile of the distribution of healthy subjects. The cut-off values for low quadriceps vastus inter-
medius thickness index were < 3.44 mm/m2 for males and < 3.52 mm/m2 for females.
Results  Ultrasound and bioimpedance spectroscopy were performed in 99 patients, and handgrip strength was assessed in 
64 patients, all on maintenance HD. After a median follow-up of 28 months (interquartile range 19–41 months) 38 patients 
died. Lean tissue index was not associated with mortality, while low quadriceps vastus intermedius thickness index and low 
handgrip strength were associated with an increased hazard of death. In the fully adjusted model, only the combination of low 
handgrip strength and low quadriceps vastus intermedius thickness index was significantly associated with higher mortality.
Conclusion  When combined with low handgrip strength, low quadriceps muscle US outperformed low lean tissue index as 
assessed by bioimpedance spectroscopy in predicting mortality in a cohort of patients on maintenance HD. Ultrasound may 
be a useful and convenient technique for the assessment of sarcopenia and protein-energy wasting in this patient population.
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Introduction

Protein-energy wasting is common in patients with end-stage 
kidney disease (ESKD) [1]. As to the diagnosis of protein-
energy wasting, one of the criteria is low muscle mass [2]. 
Moreover, to establish a diagnosis of sarcopenia, which 
represents a prevalent and relevant nutritional disorder in 
ESKD patients [3], both low muscle mass and low muscle 
strength must be present [4]. Both protein-energy wasting 
and sarcopenia are related to frailty, reduced health-related 
quality of life and an increased risk of death in patients with 
ESKD [3, 5–7].

Several methods are available for the estimation of mus-
cle status. Computed tomography and magnetic resonance 
imaging, which are considered “gold standard” methods 
for accurately assessing muscle mass, have several draw-
backs that limit their use to the research setting [8]. Sur-
rogate methods assessing lean body mass, such as dual 
energy X-ray absorptiometry and bioimpedance analysis 
are more readily available in clinical practice [8]. Because 
of their high portability and relatively low cost, bioimped-
ance analysis and bioimpedance spectroscopy, have been 
routinely used in clinical practice to evaluate lean body 
mass in patients with ESKD. While bioimpedance analy-
sis is based on a 2-compartment model that is theoretically 
able to discriminate between fat mass and free fat mass, 
it is in fact susceptible to inaccurate measurements in the 

presence of fluid overload [9]. On the other hand, bioim-
pedance spectroscopy is based on a 3-compartment model, 
and can thus theoretically discriminate fluid overload from 
lean body mass [10]. More recently, ultrasound (US) has 
been proposed as an alternative to computed tomography 
and magnetic resonance imaging to evaluate skeletal muscle 
mass. Advantages of US include its high portability, feasibil-
ity of measurements at bedside or in outpatients, relatively 
low cost, and no radiation exposure [8, 11]. While total body 
skeletal muscle cannot be derived by US, this technique can 
be used to perform a segmental assessment in different mus-
cle groups. Low muscle mass as assessed by US evaluation 
of the quadriceps muscles and other major muscle groups 
of the lower limbs has shown a strong association with the 
development of frailty and disability [12, 13]; indeed, these 
muscle groups seem to be primarily affected when physical 
activity levels are decreased [13]. Moreover, US evaluation 
of the quadriceps muscles is not affected by fluid overload 
[14], and measurements of muscle thickness by US showed a 
good correlation with the same measurements performed by 
computed tomography [15, 16]. Furthermore, as US allows 
direct measurement of muscle thickness, the use of predic-
tive equations is unnecessary.

On these grounds, the aim of the present study was 
threefold. Firstly, we compared quadriceps muscle thick-
ness as measured by US with lean tissue index as assessed 
by bioimpedance spectroscopy for the prediction of 
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mortality in ESKD patients on HD. Secondly, we evalu-
ated if and to what extent sarcopenia, as diagnosed by the 
combination of low muscle mass assessed by either US or 
bioimpedance spectroscopy and low hand-grip strength, 
is related to mortality. Lastly, we analyzed the correla-
tion between quadriceps muscle thickness as assessed by 
US and lean tissue index as evaluated by bioimpedance 
spectroscopy.

Patients and methods

Study design and patients

This is a secondary analysis involving 99 patients on main-
tenance HD from 3 dialysis centers in northern and central 
Italy (1 in Reggio Emilia and 2 in Livorno), out of a larger 
cohort of 181 HD patients from 6 Italian dialysis centers (3 
in Parma, 1 in Reggio Emilia and 2 in Livorno) who were 
enrolled in an observational, longitudinal and prospective 
study and who had undergone bioimpedance spectroscopy 
at the time of the US assessment [17, 18]. The study was 
approved by the local Institutional Review Board (AVEN, 
ref. n° 45,737, December 12th, 2015). The procedures 
were performed in agreement with the Declaration of Hel-
sinki, and written informed consent was obtained from all 
participants. Patients were evaluated between January 1st, 
2016 and March 31st, 2018, and followed for mortality 
until May 31st, 2020. The main objective of the general 
study project was to assess the correlation between muscle 
mass, as assessed by US, and other nutritional parameters 
[17]. Only adult patients (≥ 18 years of age) who had been 
on HD for at least 6 months were enrolled. Exclusion cri-
teria were the presence of malignancy or conditions with 
mandatory immobilization, including major amputation of 
the lower limbs. Due to the study protocol involving bio-
impedance spectroscopy evaluation, patients with amputa-
tion of one or both upper limbs were also excluded.

Data collection

Demographic, clinical, and anthropometric data (height, 
body weight, body mass index (BMI)) were collected at 
baseline from medical records. Demographic data included 
age, sex, and dialysis vintage. Clinical data included 
chronic comorbidities, age-corrected Charlson comorbid-
ity index, and dialysis modality. Blood samples were col-
lected pre-dialysis as per institutional routine, preferably 
on a mid-week dialysis day, for the measurement of serum 
creatinine, blood urea nitrogen, albumin, and C-reactive 
protein.

Ultrasound technique

Quadriceps vastus intermedius thickness was measured by 
three experienced assessors (1 for both centers of Parma and 
Reggio Emilia, 1 for each of the 2 centers of Livorno) using 
a B-mode ultrasonography, wall tracking ultrasound system 
(Philips hd7xe, Logiq and General Electric) and 7.5 MHz 
linear array transducers. The technique has been described 
in detail elsewhere [14, 17]. Briefly, measurements were per-
formed in both lower limbs during the HD session, with the 
patient lying in a supine position with both knees extended 
but relaxed and toes pointing upwards. Quadriceps vas-
tus intermedius thickness was measured at a point located 
between the lower third and upper two-thirds of a line join-
ing the anterior superior iliac spine with the upper pole of 
the patella [14, 19]. The transducer was placed perpendicu-
lar to the long axis of the thigh with a large amount of gel 
and without applying pressure to avoid compression of the 
muscle. The vertical diameter of the muscle was measured 
at the widest point, on the inner edge of the muscle fascia. 
Measurements were performed directly while obtaining the 
images using electronic calipers. The average of measure-
ments taken at both limbs was used for the analysis. For 
further analyses, measurements were normalized by height 
squared and expressed in mm/m2 (quadriceps vastus inter-
medius thickness index). Based on data obtained from 
analyses performed in the whole cohort of the 181 patients 
originally enrolled, low muscle mass by US was defined by 
quadriceps vastus intermedius thickness index < 3.52 mm/
m2 for females and < 3.44 mm/m2 for males, as these cut-
off values (which correspond to the 50th percentile of the 
group) were associated with the highest accuracy in predict-
ing mortality [18].

Bioimpedance spectroscopy

Body composition was assessed using the Body Composi-
tion Monitor (BCM, Fresenius Medical Care). Due to logis-
tical reasons, all patients were evaluated immediately before 
the mid-week dialysis session. The electrodes were placed 
on the hand of the arm without the arteriovenous fistula 
and on the ipsilateral foot, and whole body bioimpedance 
spectroscopy was performed across 50 different frequencies 
between 5 kHz and 1 MHz after the patient had rested in the 
supine position for at least 5 min. Using equations based on 
a three-compartment model, the body composition moni-
tor estimates the amount of excess fluid mass (overhydra-
tion, free fluid), normally hydrated adipose tissue mass, and 
normally hydrated lean tissue mass. Lean tissue index is 
defined as lean tissue mass normalized by height squared, 
and expressed as kg/m2. The lean tissue index was used as 
a proxy of total body muscle mass, and lean tissue index 
values were normalized by age and gender and expressed 
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in percentiles of normal values. Patients with lean tissue 
index lower than the 10th percentile of the values obtained in 
healthy subjects were considered to have low muscle mass, 
and patients with a lean tissue index equal to or greater than 
the 10th percentile of normal values were considered to have 
normal muscle mass [20–22].

Muscle strength

Muscle strength was assessed by handgrip strength with 
a portable digital dynamometer (KERN & SOHN GmbH, 
Ballingen, Germany). After a lag period to let participants 
accommodate the instrument comfortably in their hand, they 
were requested to squeeze the instrument handle with maxi-
mum strength and minimal wrist extension (30 degrees or 
less). Two measurements were performed on the contralat-
eral arm to the arteriovenous fistula before the HD session, 
with a resting period of 15 s between tests, and the highest 
value was recorded. The cut-off values used were 27 kg for 
men and 16 kg for women [4]. Handgrip strength measure-
ments were available for 64 patients.

Sarcopenia diagnosis

Patients were diagnosed with sarcopenia when both mus-
cle mass, as assessed by either quadriceps muscle thickness 
index or lean tissue index, and muscle strength, as assessed 
by handgrip strength were below the reference values [4].

Statistical analysis

Results were expressed as mean and standard deviation (SD) 
for continuous variables, or median and range for non-nor-
mally distributed data, and as frequencies for categorical var-
iables. Normality was assessed by the Kolmogorov–Smirnov 
test. The correlation between quadriceps vastus intermedius 
thickness and quadriceps vastus intermedius thickness index 
with other nutritional variables (namely, BMI, lean tissue 
index and handgrip strength) was investigated using Pearson 
or Spearman correlation coefficient depending on variable 
distributions. Correlation values between 0.1 and 0.3 were 
considered weak correlations, > 0.3–0.5 were regarded as 
moderate correlation and > 0.5 were considered strong cor-
relations according to Cohen [23]. The agreement between 
bioimpedance spectroscopy and US in the identification of 
low muscle mass was calculated by Kappa statistics. Differ-
ences in variables between surviving and deceased patients 
were analyzed using Student’s t test and the Mann–Whitney 
U test for normally distributed and non-normally distrib-
uted data, respectively. Kaplan–Meier survival curves were 
fitted to estimate the cumulative incidence of mortality in 
patients stratified by the presence of low handgrip strength, 
low quadriceps vastus intermedius thickness index, low lean 

tissue index, and sarcopenia diagnosed using either low lean 
tissue index or low quadriceps vastus intermedius thick-
ness index in combination with low handgrip strength. Cox 
proportional hazards regression analysis was performed to 
analyze the independent risk of death associated with low 
handgrip strength, low quadriceps vastus intermedius thick-
ness index, low lean tissue index, and sarcopenia diagnosed 
using either low lean tissue index or low quadriceps vastus 
intermedius thickness index in combination with low hand-
grip strength. We tested different multivariable Cox regres-
sion models by adjusting for potential confounders identi-
fied by univariate analysis (albuminemia and age-corrected 
Charlson comorbidity index). All analyses were performed 
using IBM Statistical Package for Social Sciences version 
27.0 (IBM SPSS Statistics Inc. Chicago IL. USA). Statisti-
cal significance was set at P < 0.05 for all tested parameters.

Results

Clinical, demographic and nutritional characteristics 
of enrolled patients

In this secondary analysis, we studied 99 patients that had 
undergone bioimpedance spectroscopy evaluation at the time 
of US, of whom 64 also had information available regarding 
handgrip strength (Table 1). Most patients were male, and 
the mean (SD) age was 66 (17) years. In general, patients 
were highly comorbid, with only 6 (6%) having no comor-
bidities and 19 (19%) patients having only one comorbid-
ity. Nutritional characteristics of the cohort, as a whole and 
partitioned by sex, are reported in Table 2. Thirteen patients 
were obese with BMI ≥ 30 kg/m2 and 2 patients were mal-
nourished with BMI < 18.5 kg/m2. Of note, the mean value 
of handgrip strength in male patients was below the sex-
specific cut-off value for the diagnosis of sarcopenia [4].

Correlation between quadriceps muscle thickness 
and nutritional variables

Table 3 reports the results of the correlation analysis between 
lean tissue index, quadriceps vastus intermedius thickness 
and quadriceps vastus intermedius thickness index, BMI, 
and handgrip strength. In particular, handgrip strength cor-
related strongly with quadriceps vastus intermedius thick-
ness, and less strongly with quadriceps vastus intermedius 
thickness index. Lean tissue index showed a moderate cor-
relation with handgrip strength and both quadriceps vastus 
intermedius thickness and quadriceps vastus intermedius 
thickness index. Body mass index was also correlated with 
both parameters of muscle mass. On the other hand, there 
was no agreement between lean tissue index and quadriceps 
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vastus intermedius thickness index in establishing low mus-
cle mass (Kappa 0.160 [standard error 0.096], P = 0.102).

Comparison between surviving and deceased 
patients

During follow-up (median 28 [IQR 19–36] months), the 
mortality rate was 38.4% (38/99). Eighty-four percent of 
the deceased patients were male. When compared to survi-
vors, deceased patients were significantly older, had lower 
handgrip strength and lower quadriceps vastus intermedius 
thickness index (Supplementary Table 1). Lean tissue index, 
which is a proxy of total body muscle mass, did not differ 
between groups. Among the deceased patients, the preva-
lence of sarcopenia based on low lean tissue index was lower 
than that based on low quadriceps vastus intermedius thick-
ness index, but this difference did not reach statistical sig-
nificance (30% vs. 52%, P = 0.09). In addition, when using 
muscle US to identify sarcopenic patients, the prevalence of 
sarcopenia among deceased patients was higher compared to 
that in survivors (52% vs. 18%, P = 0.002), while no differ-
ence was observed when using lean tissue index.

In order to assess survival in the presence of low mus-
cle mass and low muscle strength, we fitted Kaplan–Meier 
survival curves by analyzing the parameters of sarcopenia 
either individually (Fig. 1A–C) or combined (Fig. 2A, B). 
When these parameters were analyzed individually, only 
low quadriceps vastus intermedius thickness index and 
low handgrip strength were associated with lower survival 
(Fig. 1A–C). When combined parameters of sarcopenia were 
analyzed, only the combination of quadriceps vastus inter-
medius thickness index and handgrip strength was associ-
ated with lower survival (Fig. 2A, B). At Cox regression 
analysis (Table 4), when handgrip strength and parameters 
of muscle mass were evaluated individually at univariate 
analysis, only low quadriceps vastus intermedius thickness 
index and low handgrip strength were associated with an 
increased hazard of death. However, this association lost 
significance in the adjusted model. On the other hand, when 
the diagnosis of sarcopenia was based on the combination 
of low quadriceps vastus intermedius thickness index and 
low handgrip strength, a greater hazard of death remained 
significant also in the adjusted analysis.  

Discussion

The main result of this study is that the combination of low 
quadriceps vastus intermedius thickness index and low hand-
grip strength, but not the combination of low lean tissue 
index and handgrip strength, was associated with mortality 
after adjusting for relevant confounders. Importantly, nei-
ther a low quadriceps vastus intermedius thickness index as 
measured by US nor a low lean tissue index as measured by 
bioimpedance spectroscopy were independently associated 
with the risk of death when analyzed individually.

These findings are at variance with those of other investi-
gators, who found that a low lean tissue index was a predic-
tor of adverse outcomes [10, 24–26]. However, in another 
study, low lean tissue index was not significantly associated 
with mortality when analyzed as a single risk factor, but 
enhanced the risk of adverse outcomes in combination with 
other predictors such as inflammation or fluid overload [27].

Of note, there is a conceptual difference between US, 
which actually measures muscle size at a regional level, and 
bioimpedance spectroscopy, which estimates total body lean 
tissue index based on various theoretical assumptions and 
uses prediction equations not always validated in dialyzed 
patients. In fact, we found only a moderate, though signifi-
cant correlation between lean tissue index and quadriceps 
vastus intermedius thickness index.

The reasons why we failed to detect a significant inde-
pendent association between lean tissue index and mortality, 
in contrast to most, but not all [27], previous investigations 
are unclear. Because previous studies showed that low lean 

Table 1   Demographic and clinical characteristics of patients on 
hemodialysis enrolled in the study (n = 99)

Data expressed as mean (standard deviation), except when other-
wise specified. Data expressed as mean ± standard deviation; median 
(interquartile range); or frequencies
BUN Blood urea nitrogen; COPD, chronic obstructive pulmonary dis-
ease; CRP, C-reactive protein; HD hemodialysis; HDF hemodiafiltra-
tion; HFR hemofiltration; sCr serum creatinine

Variables Values

Age (years) 66 ± 17
Male sex (%) 69/99 (70)
Dialysis vintage (years) 4.8 (1.3–8.1)
Dialysis modality (%)
 HD 60/99 (61)
 HDF 34/99 (34)
 HFR 5/99 (5)

Biochemical values (pre-dialysis)
 BUN (mg/dL) 70 ± 20.7
 sCr (mg/dL) 9.2 ± 2.6
 Albumin (g/dL) 3.7 ± 0.4
 CRP (mg/dL) 0.6 (0.2–1.1)

Chronic comorbidities (%)
 Hypertension 71/99 (72)
 Dyslipidemia 60/99 (61)
 Diabetes mellitus 32/99 (32)
 Heart failure 14/99 (14)
 Cardiovascular diseases 46/99 (47)
 Charlson comorbidity index 5.9 ± 2.6
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tissue index was especially related to increased mortality in 
combination with other risk factors, such as inflammation, 
fluid overload, or a reduced fat mass [25, 27], the lack of 
significance of the association between the combination of 
low lean tissue index and handgrip strength with mortality 
in our cohort was unexpected. However, since bioimped-
ance spectroscopy measurements were performed before the 
dialysis session, we cannot exclude any influence that fluid 
overload might have had on lean tissue index measurements. 
We reasoned that the difference in the prevalence of low lean 
tissue index between males and females found in our study 
(Table 1) might also be due to the relatively small sample 
size. In fact, another paper with a relatively small sample 
size found an imbalance in the prevalence of low lean tis-
sue index between sexes [28]. Although our study cannot 
rule out a potential association of low lean tissue index with 
outcomes, especially with respect to the combination of low 

lean tissue index and low handgrip strength, the predictive 
value of the combination of low quadriceps vastus interme-
dius thickness index and low handgrip strength was instead 
robust. This suggests that combining US of the quadriceps 
muscle with the measurement of handgrip strength might 
be a powerful tool to predict outcomes in the dialysis 
population.

The US technique for muscle measurement has a rapid 
learning curve, is not time-consuming, and can also be 
applied at bedside or in outpatients with a portable device. 
In this regard, its intra-operator and inter-operator reli-
ability and its validity against computed tomography have 
been reported in critically ill patients with acute kidney 
injury [14, 15]. In addition, previous studies showed that, 
as opposed to bioimpedance analysis/bioimpedance spec-
troscopy models [29, 30], muscle US was not influenced by 
the hydration status when measurements were performed 

Table 2   Nutritional 
characteristics of patients on 
hemodialysis enrolled in the 
study

Data expressed as mean ± standard deviation
BMI Body mass index; LTI lean tissue index; QVIT quadriceps vastus intermedius thickness
*Available for 64 patients (17 females and 47 males)
**Available for 93 patients, patients with low LTI but no information for HGS were excluded (n = 7)
***Available for 78 patients, patients with low QVIT index but no information for HGS were excluded 
(n = 21)

Variables Total (n = 99) Male (n = 69) Female (n = 30) P

BMI (kg/m2) 24.8 ± 4.6 24.5 ± 4.2 25.4 ± 5.4 0.380
Hand-grip strength (kg)* 22.4 ± 8.6 24.7 ± 8.0 16 ± 7.1  < 0.001
Bioimpedance spectroscopy
 Body cell mass (Kg) 17.9 ± 6 18.4 ± 6.5 16.9 ± 4.4 0.179
 Lean tissue index (kg/m2) 12.5 ± 3.3 12.1 ± 3.3 13.2 ± 3.3 0.124
 Adipose tissue mass (Kg) 32.1 ± 14.4 33.5 ± 14.8 28.7 ± 13.2 0.960
 Adipose tissue index (kg/m2) 11.5 ± 5.2 11.6 ± 5.2 11.5 ± 5.4 0.138

Muscle ultrasound (average values between both legs) (mm)
 QVIT (mm) 10.0 ± 3.7 10.6 ± 4.0 8.6 ± 2.6 0.004
 QVIT index (mm/m2) 3.6 ± 1.3 3.7 ± 1.4 3.5 ± 1.0 0.391

Sarcopenia and sarcopenia parameters
 LTI < 10th 40/99 (40) 36/69 (52) 4/30 (13)  < 0.001
 Low QVIT index 52/99 (52) 36/69 (52) 16/30 (53) 0.545
 Low HGS* 39/64 (61) 31/47 (66) 8/17 (47) 0.141
 Sarcopenia by LTI and HGS** 34/93 (34) 31/64 (48) 3/29 (10) 0.105
 Sarcopenia by QVIT index and HGS*** 23/78 (30) 19/55 (34.5) 4/23 (17)  < 0.001

Table 3   Correlation coefficients 
between muscle ultrasound, 
lean tissue index and nutritional 
variables of patients on 
hemodialysis (n = 99)

BMI Body mass index; HGS hand-grip strength; LTI lean tissue index; QVIT quadriceps vastus intermedius 
thickness
*Available in 64 patients

QVIT P QVIT index P LTI P

HGS* 0.51  < 0.001 0.39 0.001 0.31 0.014
LTI 0.37  < 0.001 0.39  < 0.001 – –
BMI 0.24 0.019 0.32 0.001 0.07 0.516
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Fig. 1   A–C Kaplan–Meier 
survival curves of patients 
with end-stage kidney disease 
on hemodialysis stratified by 
individual sarcopenia param-
eters: muscle strength assessed 
by handgrip (A), muscle mass 
assessed by quadriceps vastus 
intermedius thickness index (B) 
and lean tissue index (C). A 
Handgrip strength was assessed 
in 64 patients; B quadriceps 
vastus intermedius thick-
ness index was assessed in 99 
patients; C lean tissue index 
was assessed in 99 patients
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Fig. 2   A, B Kaplan–Meier 
survival curves of patients 
with end-stage kidney disease 
on hemodialysis stratified by 
sarcopenic status using low 
quadriceps vastus interme-
dius thickness index (A) and 
low lean tissue index (B) to 
assess low muscle mass. For 
both A and B, sarcopenia was 
diagnosed when muscle mass 
and muscle strength were below 
reference values. Because 
handgrip strength was available 
for 64 patients, in the first figure 
A 78 patients were included, 
while 21 patients were excluded 
because they presented low 
muscle mass by US, but no 
information regarding muscle 
strength. In the second figure B, 
93 patients were included and 7 
patients were excluded because 
they presented low muscle mass 
by lean tissue index, but no 
information regarding muscle 
strength

Table 4   Cox  regression analysis for the association of all-cause 
mortality with muscle parameters evaluated individually (HGS, 
QVIT index and LTI) or combined (sarcopenia diagnosed by low 

LTI + HGS or low QVIT index + HGS) in patients on hemodialysis 
(n = 64 for HGS; n = 99 for QVIT index and LTI; n = 78 for sarcope-
nia by US and HGS; and n = 93 for sarcopenia by LTI and HGS)

HGS Hand-grip strength; HR hazard ratio; LTI lean tissue index; QVIT quadriceps vastus intermedius thickness; US ultrasound
Adjusted for serum albumin and age-corrected Charlson comorbidity index

All-cause mortality

HR (95% confidence interval, P)

Model Low LTI Low HGS Low QVIT index Sarcopenia by low QVIT 
Index and HGS

Sarcopenia by low LTI and 
HGS

Crude 1.16 (0.60–2.25, 0.651) 9.08 (2.12–38.8, 0.003) 2.18 (1.12–4.27, 0.023) 4.46 (2.08–9.56, < 0.001) 0.90 (0.43–1.90, 0.784)
Adjusted* 1.72 (0.85–3.50, 0.132) 3.55 (0.69–18.28, 0.130) 1.76 (0.86–3.58, 0.122) 3.21 (1.37–7.53, 0.007) 1.49 (0.65–3.41, 0.347)
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before and after the dialysis session [14, 17]. While a recent 
study showed that US of the quadriceps muscle had greater 
accuracy in predicting protein-energy wasting in patients 
on HD compared to bioimpedance spectroscopy [11], these 
two techniques have not been directly compared with respect 
to their predictive value towards mortality in this popula-
tion. Presently, an important drawback of the US muscle 
measurement is the absence of cut-off values. However, in a 
recent study, we used the median value of the distribution of 
quadriceps vastus intermedius thickness index stratified by 
sex to identify patients with low muscle mass [18]. In that 
study, distal quadriceps vastus intermedius thickness index 
below the 50th percentile was associated with the highest 
mortality risk in a fully adjusted model (HR 2.16, 1.27–3.69, 
P = 0.005) in comparison to anthropometry and other US 
parameters [18].

Evaluation of muscle strength is also crucial for the diag-
nosis of sarcopenia [4]. The screening of patients for low 
muscle strength has an important advantage in comparison 
to evaluating muscle mass, since it can be easily assessed 
in hospitals, outpatient settings, and community centers, by 
using a portable handheld dynamometer to measure grip 
strength. In addition, studies in elderly patients have shown 
that low muscle strength has a greater predictive perfor-
mance towards adverse outcomes compared with low muscle 
mass [31]. Moreover, the rate of decrease in muscle strength 
is faster than the rate of muscle loss, and both are independ-
ent of the loss or gain of body weight [32]. It has been sug-
gested that chronic kidney disease patients manifest a phe-
notype of accelerated aging [33], which could be magnified 
in patients with ESKD on HD. In the present study, handgrip 
strength had a positive correlation with quadriceps vastus 
intermedius thickness and lean tissue index, which is in 
agreement with earlier studies investigating the correlation 
between body composition and measures of physical func-
tion in HD patients [34, 35]. A positive correlation between 
muscle strength and muscle mass was expected because the 
former is partly dependent on lean tissue mass [29]. While 
we found that handgrip strength was a stronger predictor of 
mortality than muscle mass as assessed both by bioimped-
ance spectroscopy and US at univariate analysis, only the 
combination of handgrip strength with low muscle mass 
as assessed by US remained significantly associated with 
outcomes after adjusting for relevant confounders. These 
observations suggest that both assessments complement 
each other and are necessary for individualized nutritional 
and physical interventions.

Our study has limitations. Firstly, it is a secondary analy-
sis of a larger study, and the smaller sample size may have 
diminished the power to detect an independent association of 
either low lean tissue index by bioimpedance spectroscopy 
or low muscle mass by US with mortality when these param-
eters were analyzed individually. Moreover, due to logistical 

reasons, bioimpedance spectroscopy was performed before 
the HD session, which might have affected lean tissue index 
values related to overhydration. In addition, we found an 
independent association with mortality of the combination 
of low muscle mass as assessed by US, but not by bioimped-
ance spectroscopy, with low muscle strength. This suggests 
that, combined with the measurement of handgrip strength, 
US may be a more sensitive tool compared to bioimpedance 
spectroscopy in predicting outcomes in dialysis patients. 
Secondly, handgrip strength data were available for only two 
thirds of the patients. This forced us to remove the patients 
with reduced muscle mass but unavailable muscle strength 
data from the analyses, as we could not establish the pres-
ence or absence of sarcopenia in these patients. However, 
notwithstanding a decrease in power, the combination of 
low quadriceps vastus intermedius thickness index with low 
handgrip strength was independently and significantly asso-
ciated with adverse outcomes. Thirdly, we did not have data 
on subjective global assessment and malnutrition inflamma-
tion score for most patients. Pre-albumin values were also 
unavailable because prealbumin was not part of the routine 
laboratory panel of tests at the participating dialysis clinics. 
Thus, we could not adjust our analyses for indexes of mal-
nutrition. However, based on BMI, albumin and C-reactive 
protein values, the patients enrolled in this study appeared 
to be in good general conditions and nutritional status, 
which suggests that this was a relatively selected popula-
tion. Lastly, because our data were obtained in a specific 
group of patients with ESKD on HD, their generalization to 
other patient populations cannot be inferred, and a valida-
tion of the reference values applied for muscle US should be 
performed in patients with different diseases. Despite these 
limitations, to our knowledge this is the first study compar-
ing muscle US and bioimpedance spectroscopy, combined 
with handgrip strength assessment, with respect to their 
predictive performance towards mortality in patients with 
ESKD on HD. In addition, our study has important poten-
tial implications for the diagnosis of sarcopenia in clinical 
practice.

In conclusion, in the present study the combination of 
low quadriceps vastus intermedius thickness index and low 
handgrip strength was an independent predictor of mortality 
in dialysis patients. In combination with handgrip strength, 
quadriceps muscle US outperformed bioimpedance spec-
troscopy in predicting mortality in this cohort. Quadriceps 
muscle US may be a useful technique in the assessment of 
sarcopenia and protein-energy wasting in patients on HD.
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