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 Background: Sarcopenia is a common complication in maintenance hemodialysis (MHD) and can increase patient hospital-
ization and mortality. No simple and reliable tools to identify sarcopenia exist. We aimed to develop a screen-
ing tool to predict MHD patients at high risk for sarcopenia.

 Material/Methods: This cross-sectional study included 589 and 216 MHD patients for training and validation sets, respectively. 
We used diagnostic criteria developed by the Asian Working Group on Sarcopenia to screen for sarcopenia. 
The risk prediction model was established by univariate and multivariate logistic regression analyses. We used 
the area under the receiver operating characteristic curve (AUROC), calibration curve, Hosmer-Lemeshow test, 
and decision curve analysis (DCA) to evaluate the model’s discrimination ability, calibration ability, and clinical 
utility.

 Results: The incidence of sarcopenia was 17.1% in the training set and 18.1% in the validation set. We constructed pre-
diction models applying age, body mass index, calf circumference, and serum creatinine and plotted a nomo-
gram. The training set model had an AUROC of 0.922, sensitivity of 85.1%, specificity of 85.9%, and chi-square 
value (Hosmer-Lemeshow test) of 5.603 (P>0.05); the DCA diagram showed that when the threshold probabil-
ity was 0 to 0.95, the model predicted a net benefit for sarcopenia in MHD patients. The validation set mod-
el had an AUROC of 0.913, sensitivity of 94.3%, specificity of 82.9%, and chi-square value (Hosmer-Lemeshow 
test) of 9.822 (P>0.05).

 Conclusions: The screening tool has good discrimination ability, calibration ability, and clinical utility. It could help to identi-
fy MHD patients at a high risk for sarcopenia.
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Background

Sarcopenia is a degenerative syndrome characterized by de-
creased skeletal muscle mass and either low muscle strength 
or function and is now officially recognized as a muscle dis-
ease (diagnosis code, ICD-10-MC) [1]. Maintenance hemodial-
ysis (MHD) is one of the main renal replacement therapies for 
patients with end-stage renal disease. The loss of amino ac-
ids during dialysis, the increase of inflammatory factors, met-
abolic acidosis, mitochondrial dysfunction, and the reduction 
of protein intake increase the risk of sarcopenia in patients un-
dergoing MHD [2-4]. Some studies have shown that the prev-
alence of sarcopenia in MHD patients is 3.9% to 63.3% [5-7]. 
Sarcopenia increases the risk of frailty, falls, fractures, cardio-
vascular complications, and death in patients on MHD, thus 
changing their lifestyle and reducing their quality of life [7,8]. 
Patients actively seeking effective interventions, such as exer-
cise training and nutritional support, as well as their combina-
tion, seems promising [9,10]. In 2018, the European Working 
Group on Sarcopenia in Older People (EWGSOP) emphasized 
that early screening of patients at a high risk for sarcopenia 
and providing early interventions have important clinical signif-
icance [1]. Therefore, intervention in the early stages of sarco-
penia may be a valuable opportunity to delay its progression.

The diagnosis of sarcopenia requires not only a decrease in 
muscle mass but also a decrease in muscle strength and/or 
physical performance [11]. Muscle strength is commonly as-
sessed by hand grip strength (HGS), whereas physical perfor-
mance is assessed by usual gait speed [1,11]. The measurement 
of muscle mass is the first and necessary step for diagnosing 
sarcopenia, and sarcopenia in patients on MHD is also main-
ly determined by muscle mass [12]. Muscle quantity or mass 
is generally diagnosed using techniques such as dual-energy 
X-ray absorptiometry, bioelectrical impedance analysis, mag-
netic resonance imaging, and computed tomography [1,11]. 
Unfortunately, the recommended diagnostic procedure for sar-
copenia is complex and requires special equipment. Recently, 
researchers have developed simple sarcopenia screening tools 
in the general population based on general demographic data 
and anthropometric indicators [13].

Currently, there are no studies on screening tools for sarcope-
nia in patients on MHD. Therefore, we designed and conduct-
ed an analysis using easily obtained parameters to develop 
a practical screening tool for sarcopenia in patients on MHD. 
The model we constructed can be used clinically, and the sar-
copenia status of patients on MHD can be preliminarily judged 
through routine examination indicators, demographic data, or 
some simple questionnaires.

Material and Methods

Study Population

This study was conducted in the blood purification centers of 
2 tertiary hospitals, and 589 patients on MHD who underwent 
hemodialysis between May and September 2020 were selected 
as the training set. The inclusion criteria were age ³18 years, 
meeting the diagnostic criteria for chronic kidney disease stage 
5 (eGFR <15 mL/min), steady dialysis time ³3 months, hemo-
dialysis 3 times a week, clear awareness and no communica-
tion barriers, and voluntary participation in this study. The ex-
clusion criteria were pregnancy, record of 1 month of bleeding 
or infection, critical illnesses (such as severe cardiopulmonary 
disease or advanced cancer), inability to undergo a bioelectri-
cal impedance analysis test owing to pacemaker installation, 
cardiovascular stent implantation, artificial joint replacement, 
or amputation surgery, and patients with incomplete clinical 
data. This study was approved by the ethics committee of our 
institution, and all patients provided informed consent and 
voluntarily participated in this study. Data collection was per-
formed on patients’ second and third weekly dialysis sessions.

Diagnosis of Sarcopenia

Similar to a previous study on sarcopenia in patients on 
MHD [14], we used the diagnostic criteria recommended by the 
Asian Sarcopenia Working Group (AWGS) [11]. The diagnosis 
of sarcopenia requires not only a decrease in muscle mass but 
also a decrease in muscle strength and/or physical performance.

The skeletal muscle index was measured by a multi-frequency 
bioelectrical impedance analysis device (InBody S10; InBody, 
Seoul, Korea) and was measured 30 min after a hemodialysis 
session [15]. All the patients were in a lying position, their arms 
were not in contact with the torso, and their feet were not in 
contact with each other. They were silent during the measure-
ment and did not move their bodies. Decreased skeletal mus-
cle mass was diagnosed when the skeletal muscle index was 
<7.0 kg/m2 in men and 5.7 kg/m2 in women [11].

The HGS was used to indicate muscle strength. On the day of 
dialysis, HGS was measured using an electronic dynamome-
ter (EH101; Xiangshan, Guangdong, China) before the initia-
tion of dialysis. Before the measurement, the patients were 
familiarized with the use of the dynamometer. The distance 
between the grips of the dynamometer was adjusted accord-
ing to the size of the patients’ hands. With their bodies up-
right and their arms drooping naturally, the patients used the 
dominant hand to grasp the dynamometer as hard as possi-
ble, without bending their arms or waist (patients with an ar-
teriovenous fistula used their hand without the fistula). The 
measurements were repeated thrice, and the maximum HGS 
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value was recorded. Male and female patients with HGS <28 
and <18 kg, respectively, were diagnosed as having decreased 
muscle strength [15]. Before the initiation of dialysis, the pa-
tients’ physical performance was assessed with the 6-m walk 
test, which involved walking a distance of 6 m at a normal 
speed from the beginning of the movement, without deceler-
ation; the average speed of 2 trials was recorded. Low physical 
performance was defined as a 6-m walk speed <1.0 m/s [11]. 
HGS and walk speed were measured separately by 2 study 
members. Measurements were taken while the patients were 
waiting in the dialysis treatment waiting room for the start of 
dialysis, approximately 30 min before the start of dialysis treat-
ment. After a 5-min rest period at the end of the grip strength 
measurement, the stride speed was measured.

Demographic, Comorbidities, and Biochemical 
Measurements

Demographic and clinical data (age, sex, marital status, edu-
cation level, monthly income, duration of dialysis, and prima-
ry renal disease) were collected. The Charlson comorbidity in-
dex (CCI) was used to score the patients’ comorbidities. The 
CCI includes 19 comorbidities, which are weighted according 
to the severity of the corresponding chronic disease [16]. Lin 
et al [17] found that the CCI is a strong predictor of outcomes 
in patients on MHD and correlates with hospitalization. Fasting 
blood samples before dialysis and biochemistry data (albumin 
[Alb], hemoglobin, blood urea nitrogen, serum creatinine [Scr], 
calcium, phosphorus, intact parathyroid hormone, total cho-
lesterol, and triglycerides) were analyzed using an automatic 
chemistry analyzer (Beckman Coulter, Brea, CA, USA).

Anthropometric Measurements

After dialysis, anthropometric measurements were performed 
by the same trained observers. All patients used a fixed-height 
meter and electronic weight scale to measure their height and 
weight. The formula weight (kg)/height2 (m2) was used to cal-
culate the patients’ body mass index (BMI). With the patients 
standing, a flexible, non-stretchable measuring tape was used 
to measure the mid-arm circumference (MAC) and calf circum-
ference (CC) to the nearest 0.1 cm. The MAC measurement was 
performed on the arm without an arteriovenous fistula. The CC 
was measured at the largest circumference of the calf with-
out edema. We determined whether there was edema in the 
patient’s calf by observing and pressing the local skin of the 
calf. If there was no edema in both lower limbs, the CC of both 
lower limbs was measured and the average value was taken.

Physical Activity Level

We used the International Physical Activity Questionnaire-Short 
Form to assess the physical activity (PA) level of patients. The 

patients were asked to report the frequency and cumulative 
daily duration of walking, moderate PA, and high-intensity PA 
for at least 10 min at a time during the past week. The met-
abolic equivalent values for walking, moderate PA, and high-
intensity PA were 3.3, 4.0, and 8.0, respectively. According to 
the scoring protocol, the patients’ total PA energy was calcu-
lated. The patients’ PA levels were categorized into low, mod-
erate, and high according to the questionnaire’s manual [18].

Modified Quantitative Subjective Global Assessment

The Modified Quantitative Subjective Global Assessment 
(MQSGA) evaluated the patients’ nutritional status based on 
7 items: weight change, diet intake change, gastrointestinal 
symptoms, physiological function status, dialysis complications, 
decreased subcutaneous fat, and muscle loss. Each part was 
scored from 1 (normal) to 5 (severe), with a total score of 7 
(normal) to 35 (severe malnutrition). The higher the score, the 
more severe the patients’ malnutrition and inflammation [19].

Hospital Anxiety and Depression Scale

We used the Hospital Anxiety and Depression Scale (HADS) to 
assess the psychological status of patients on MHD. The HADS is 
mainly applied to the screening of anxiety and depression among 
patients in general hospitals and consists of 14 items, of which 7 
items assess depression and 7 items assess anxiety. The scores 
of the 2 subscales range from 0 to 21 points, and a score ³8 in-
dicates the presence of anxiety or depression symptoms. The 
scores indicate the severity of the patient’s anxiety or depres-
sion state. The HADS has good reliability, and the Cronbach’s a 
coefficients of the overall scale, anxiety subscale, and depres-
sion subscale were 0.879, 0.806, and 0.806, respectively [20].

Statistical Analysis

Continuous variables conforming to a normal distribution are 
presented as mean±standard deviation. Non-normally distrib-
uted continuous variables are presented as median and inter-
quartile ranges. Categorical variables are presented as numbers 
and percentages. Differences between groups were compared 
using the chi-square test, Mann-Whitney U test, or t test. We 
developed a predictive risk model using binary logistic regres-
sion (with forward stepwise regression). The area under the 
receiver operating characteristic curve (AUROC), sensitivity, 
specificity, and Youden index were used to evaluate the dis-
crimination of the model. The calibration curve and Hosmer-
Lemeshow test were used to evaluate the calibration of the 
model. The DCA curve was used to evaluate the clinical utility 
of the model. SPPS version 25.0 (IBM Corp., Armonk, NY, USA) 
and R version 4.2.0 (The R Foundation, Vienna, Austria) were 
used for the statistical analysis. A P value <0.05 was consid-
ered statistically significant.
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Establishment Predictive Model

The variables that were statistically significant in the univari-
ate analysis were included in the multivariate logistic regres-
sion analysis. The independent variables finally screened out 
through multi-factor logistic regression analysis establishment 
the predictive model, that is, a mathematical expression con-
structed from the independent variables in the regression model 
and their corresponding regression coefficients: RA=b1X1+b2X2+ 
… +bmXm, b1, b2, …, bm are regression coefficients, X1, X2, …, Xm 
are independent variables.

Results

Characteristics of the MHD Patients

Of the 589 patients on MHD (male, 385, 65.4%; female, 204, 
34.6%) in the training set, 101 (17.1%) received a diagno-
sis of sarcopenia. The mean patient age was 53.8±13.7 years 
(range, 22-88 years). A total of 331 (56.2%) patients had a 
dialysis duration ³36 months; 148 (25.1%) patients had hy-
pertension as the primary disease, 160 (27.2%) patients had 
diabetes, 144 (24.4%) patients had chronic glomerulonephri-
tis, 30 (5.1%) patients had polycystic kidney disease, and 107 
(18.2%) patients had other diseases. Other patient character-
istics are presented in Table 1.

Screening of Predictive Model Variables

The results of the univariate analysis (Table 1) showed that 
age, CCI score, MQSGA score, and depression score of patients 
with sarcopenia were higher than those of patients without 
sarcopenia, and the Alb, Scr, BMI, MAC, CC, and PA levels of 
patients with sarcopenia were lower than those of patients 
without sarcopenia, and the differences were statistically sig-
nificant (P<0.05). The variables that were statistically signif-
icant in the univariate analysis (P<0.05; Table 1) were in-
cluded in the multivariate logistic regression analysis, which 
revealed that age (odds ratio [OR], 1.085; P<0.001), BMI (OR, 
0.841; P=0.010), CC (OR, 0.658; P<0.001), and SCr (OR, 0.998; 
P=0.029) were independent predictors of sarcopenia (Table 2).

Construction of the Predictive Model

Based on the results of logistic regression analysis, the 4 vari-
ables obtained were included in the equation, and the formu-
la of the obtained prediction model was:
Logit(P)=0.082×age-0.173×BMI-0.419×CC-0.002×Scr.
The optimal cut-off value of the equation obtained from the 
receiver operating characteristic curve was -13.455 points, 
with a score £-13.455 indicating a low-risk population and a 
score >-13.455 indicating a high-risk population. In addition, 

we plotted a predictive nomogram for the risk of the develop-
ment of sarcopenia in patients on MHD (Figure 1).

Effect Analysis of Prediction Model

The AUROC of the model was 0.922 (95% confidence interval, 
0.899-0.946) (Figure 2A), with a sensitivity of 85.1%, specific-
ity of 85.9%, and Youden index of 0.710, indicating that the 
prediction model had good discrimination; the chi-square val-
ue of the Hosmer-Lemeshow test was 5.325 (P=0.722); in ad-
dition, the calibration curve (Figure 3A) showed that the mod-
el had good calibration.

Clinical Application of Predictive Models

The DCA diagram of the prediction model (Figure 4) shows 
that when the threshold probability of a patient was 0 to 0.95, 
the model predicted a net benefit for sarcopenia in MHD pa-
tients. In addition, we selected 216 patients who underwent 
MHD treatment in a tertiary hospital from May to July 2021 
for the external validation set of the model. According to the 
model established in this study, 66 cases of sarcopenia were 
predicted to occur, of which 35 cases actually occurred; mean-
while, 150 patients were predicted not to develop sarcope-
nia, and, of these, 146 cases did not occur, with an accuracy 
of (35+146)/216=83.8%. The AUROC of the external validation 
of this risk prediction model was 0.913 (95% CI, 0.870-0.956) 
(Figure 2B), with a sensitivity of 94.3%, specificity of 82.9%, 
Youden index of 0.772, chi-square value (Hosmer-Lemeshow 
test) of 9.822 (P=0.278), and a calibration curve near the ideal 
curve (Figure 3B). These results suggest that predictive mod-
els have high potential for clinical application and can predict 
sarcopenia in patients on MHD.

Discussion

Sarcopenia seriously affects the clinical outcome of patients 
undergoing MHD [5,7,8,21]. Early identification and effec-
tive intervention measures have important clinical signifi-
cance [1,10,11]. The diagnostic procedures for sarcopenia are 
complex and require expensive equipment. Previous studies 
have mostly focused on the risk factors of sarcopenia; how-
ever, there are many risk factors, and some controversies re-
main [5,21,22]. This prevents medical staff from quickly and 
accurately identifying high-risk patients, which limits preven-
tion and treatment efforts.

To estimate the risk of sarcopenia in patients on MHD, we 
screened easily accessible clinical risk factors based on previ-
ous studies in the literature and removed confounders by mul-
tivariate analysis. We obtained a simple formula, measured its 
cutoff value, and constructed a visual nomogram for clinical 
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Variable
MHD 

(N=589)
Without sarcopenia 

(n=488)
With sarcopenia 

(n=101)
P

Age (years)  54 (44, 64)a  66 (61, 73)a  52 (42, 59)a <0.001*

Sex 0.356**

 Male  385 (65.4)b  323 (66.2)b  62 (61.4)b

 Female  204 (34.6)b  165 (33.8)b  39 (38.6)b

Marital status 0.772**

 Married  479 (81.3)b  398 (81.6)b  81 (80.2)b

 Unmarried  51 (8.7)b  43 (8.8)b  8 (7.9)b

 Divorced or other  59 (10.0)b  47 (9.6)b  12 (11.9)b

Education level (years) 0.065*

 £6  281 (33.0)b  93 (42.7)b  72 (59.0)b

 6-9  335 (39.3)b  82 (37.6)b  37 (30.3)b

 ³9  236 (27.7)b  43 (19.7)b  13 (10.7)b

Monthly income (yuan) 0.351**

 £3000  553 (64.9)b  137 (62.8)b  82 (67.2)b

 >3000  299  (35.1)b  81 (37.2)b  40 (32.8)b

Primary renal disease 0.374**

 Hypertensive  193 (22.7)b  51 (23.4)b  23 (18.9)b

 Diabetes  259 (30.4)b  79 (36.2)b  56 (45.9)b

 Glomerulonephritis  210 (24.6)b  24 (11.0)b  12 (9.8)b

 Polycystic kidney

 Others  190 (22.3)b  64 (29.4)b  31 (25.4)b

Duration of dialysis (moths) 0.878**

 <36  375 (44.0)b  93 (42.7)b  51 (41.8)b

 ³36  477 (56.0)b  125 (57.3)b  71 (58.2)b

CCI score  3 (0, 5)a  3 (2, 5)a  4 (3, 5)a <0.001*

Alb (g/L)  39.90 (36.9, 42.90)a  40.10 (37.40, 43.20)a  38.00 (34.70, 42.00)a <0.001*

Hb (g/L)  99.09±19.22c  99.25±18.77c  98.29±21.38c 0.674#

BUN (mmol/L)  26.17±7.78c  26.43±7.58c  24.88±8.61c 0.067#

SCr (umol/L)  896.78±261.53c  936.62±252.13c  704.30±217.76c <0.001#

Ca (mmol/L)  2.13 (1.99, 2.28)a  2.13 (1.99, 2.29)a  2.12 (1.99, 2.25)a 0.156*

P (mmol/L)  1.96±10.59c  1.98±0.59c  1.89±0.62c 0.157#

iPTH (pg/mL)  321.50 (175.20, 539.40)a  320.87 (177.40, 547.50)a  322.20 (160.70, 502.30)a 0.615*

TC (mmol/L)  3.70 (3.19, 4.35)a  3.70 (3.18, 4.32)a  3.71 (3.24, 4.63)a 0.445*

TG (mmol/L)  1.26 (0.88, 1.80)a  1.27 (0.88, 1.85)a  1.23 (0.84, 1.56)a 0.150*

Table 1. Univariate analysis of associated factors with sarcopenia in patients on maintenance dialysis (MHD).
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Table 1 continued. Univariate analysis of associated factors with sarcopenia in patients on maintenance dialysis (MHD).

Variable
MHD 

(N=589)
Without sarcopenia 

(n=488)
With sarcopenia 

(n=101)
P

BMI (kg/m2)  22.7 (20.4, 25.1)a  23.4 (20.9, 25.7)a  20.4 (18.6, 22.5)a <0.001*

MAC (cm)  28.0 (25.5, 30.5)a  29.0 (26.0, 31.0)a  26.0 (24.0, 27.5)a <0.001*

CC (cm)  33.2 (30.7, 35.2)a  33.7 (31.5, 35.7)a  29.5 (27.7, 30.7)a <0.001*

PA level <0.001*

 Low  315 (53.5)b  241 (49.4)b  74 (73.3)b

 Moderate  258 (43.8)b  232 (47.5)b  26 (25.7)b

 High  16 (2.7)b  15 (3.1)b  1 (1.0)b

MQSGA Score  10 (10, 13)a  10 (10, 13)a  13 (10, 15)a <0.001*

HADS Score

 Anxiety  2 (1, 5)a  2 (1, 5)a  3 (1, 5)a 0.334*

 Depression  6 (2, 9)a  5 (2, 9)a  7 (4, 11)a 0.001*

a Median (inter-quartile range); b n (%); c mean±standard deviation; * Mann-Whitney U test; ** Chi-squared test; # t test. 
Alb – albumin; BMI – body mass index; Ca – calcium; BUN – blood urea nitrogen; CC – calf circumference; CCI – Charlson comorbidity 
index; HADS – Hospital Anxiety and Depression Scale; Hb – hemoglobin; iPTH – intact parathyroid hormone; MAC – middle-arm 
circumference; MQSGA – modified quantitative subjective global assessment; P – phosphorus; PA – physical activity; SCr – serum 
creatinine; TC – total cholesterol; TG – triglycerides.

Variable Regression coefficient OR 95% CI p

Age (years) 0.082 1.085 1.057-1.114 <0.001

BMI (kg/m2) -0.173 0.841 0.737-0.959 0.010

CC (cm) -0.419 0.658 0.570-0.760 <0.001

Scr (umol/L) -0.002 0.998 0.997-1.000 0.029

Table 2. Multivariate analysis of associated factors with sarcopenia in patients on maintenance hemodialysis (n=589).

BMI – body mass index; CC – calf circumference; CI – confidence interval; OR – odds ratio; Scr – serum creatinine.
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Age

BMI

CC

Scr
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Figure 1.  Predictive nomogram for the risk of sarcopenia in patients on maintenance dialysis (MHD). Each risk factor can obtain the 
corresponding score by referring to the score scale of the first row. The score of all existing risk factors is summed to obtain 
the total score. The total score is used to obtain the corresponding probability of sarcopenia in MHD patients.
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application. To the best of our knowledge, no prior study, except 
for a study in older adults [13], has used regression methods to 
predict the risk for sarcopenia in patients on MHD. The 4 predic-
tors in the model of this study were not opportunity-based, and 
they were strongly associated with sarcopenia in MHD patients.

Our study found that advanced age was a risk factor for sar-
copenia in patients undergoing MHD (P<0.001), which was 
consistent with the findings of Yang et al [23]. Sarcopenia is 
defined as age-related sarcopenia, with normal adults losing 
1% to 2% of their muscle mass per year from the age of 30 
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Figure 2.  (A) Receiver operating characteristic (ROC) curve for the prediction of the risk of sarcopenia in patients on maintenance 
dialysis (MHD) in the training set. (B) ROC curve for the prediction of the risk of sarcopenia in MHD patients in the validation 
set.

1.0

0.8

0.6

0.4

0.2

0.0

0.0 0.2 0.4
Predicted probability

B=1000 repetitions, boot Mean absolute error=0.014 n=589

Apparent
Bias-correctd
Ideal

0.6 0.8 1.0

Ob
se

rv
ed

 pr
ob

ab
ilit

y

1.0

0.8

0.6

0.4

0.2

0.0

0.0 0.2 0.4
Predicted probability

B=1000 repetitions, boot Mean absolute error=0.014 n=216

Apparent
Bias-correctd
Ideal

0.6 0.8 1.0

Ob
se

rv
ed

 pr
ob

ab
ilit

y

A B

Figure 3.  (A) Calibration curve for risk of sarcopenia in patients on maintenance dialysis (MHD) in the training set. The X-axis 
represents the predicted probability, and the Y-axis represents the actual probability. The degree of fit of the curve and 
diagonal reflects the calibration of the model. (B) Calibration curve for risk of sarcopenia in MHD patients in the validation 
set. The X-axis represents the predicted probability, and the Y-axis represents the actual probability. The degree of fit of the 
curve and diagonal reflects the calibration of the model.
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years and up to 30% at the age of 80 years [24]. With increas-
ing age, the decomposition and synthesis of muscle proteins 
in patients gradually become imbalanced, muscle fibers are 
transformed from type II to type I, and the quality of skele-
tal muscle is significantly reduced. In addition, mitochondrial 
dysfunction, motor neuron degeneration, and abnormal hor-
mone metabolism caused by aging will damage muscle func-
tion, which leads to sarcopenia [25].

Our findings showed that a low BMI was strongly associat-
ed with sarcopenia in patients on MHD (P=0.010), consis-
tent with the findings of Macedo et al [26]. A low BMI often 
indicates the presence of malnutrition, inadequate energy 
and protein intake in malnourished patients, gastrointestinal 
dysfunction, poor digestion and absorption, decreased plas-
ma amino acid concentration, and decreased muscle protein 
synthesis rate, which, in turn, lead to impaired skeletal mus-
cle quality, strength, and function [27]. In addition, malnutri-
tion is associated with the phenotype of sarcopenia, and the 
Global Initiative for Leadership in Malnutrition proposes that 
low skeletal muscle mass is also part of the diagnosis of mal-
nutrition [28].

Our results showed that a larger CC was a protective factor in 
MHD patients with sarcopenia (P<0.001), which is compatible 

with the findings of Bataille et al [12]. Compared with other 
parts of the body, the CC is less affected by local fat accumu-
lation, which is highly correlated with skeletal muscle mass, 
and the influence of patient age and obesity, which is a sen-
sitive indicator for predicting sarcopenia [29]. Both EWGSOP 
and AWGS recommend the use of CC to screen patients at high 
risk for sarcopenia [1,11]. The CC measurement is simple and 
easy to perform, but its accuracy is easily affected. Medical 
personnel need professional training to improve the accuracy 
of measurement results.

Our results also showed that a high level of Scr was a protec-
tive factor for sarcopenia in patients on MHD (P=0.029), con-
sistent with the findings of Lin et al [30]. Mae et al [31] found 
that the Scr production rate can predict the occurrence of sar-
copenia in MHD patients. Scr is a product of skeletal muscle 
metabolism in the human body, which is mainly excreted by 
glomerular filtration. In MHD patients without residual renal 
function, Scr is not only a marker of renal failure, but also a 
surrogate marker of muscle mass and lean body mass [32]. 
Patients on MHD need to reexamine the Scr level every 1 to 
3 months to monitor the changes in the condition. The med-
ical staff can collect various factors of this prediction model 
for sarcopenia assessment while reexamining the Scr of pa-
tients, without the need to increase the additional econom-
ic burden of patients.

The training set model had an AUROC of 0.922, sensitivity of 
85.1%, specificity of 85.9%, and chi-square value (Hosmer-
Lemeshow test) of 5.603 (P=0.692). The DCA curve showed 
that when the threshold probability of the patient was 0 
to 0.95, the model predicted a net benefit for sarcopenia in 
MHD patients, with an accuracy of model prediction of 83.8%. 
Meanwhile, the validation set model had an AUROC of 0.913, 
sensitivity of 94.3%, specificity of 82.9%, and chi-square val-
ue (Hosmer-Lemeshow test) of 9.822 (P=0.278). These results 
showed that the prediction model constructed from age, BMI, 
CC, and Scr has good discrimination and calibration and also 
has some scientificity and practicability. This model can help 
healthcare providers make decisions related to the assessment 
and management of sarcopenia in MHD patients by provid-
ing personalized, highly accurate risk estimates. Clinical med-
ical staff can use these indicators, which are easy to obtain in 
clinical practice, for evaluation and subsequently implement 
preventive and therapeutic measures as early as possible and 
change passive treatment into active prevention in order to 
reduce the occurrence of sarcopenia, improve the quality of 
life, and improve the prognosis of patients.

This study had some limitations. We developed and validat-
ed the prediction model in only 2 blood purification centers, 
and the sample size was small. Therefore, the findings can-
not be generalized for all patients undergoing MHD. Moreover, 
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Figure 4.  The decision curve analysis (DCA) curve of prediction 
model for predicting the risk of sarcopenia in patients 
on maintenance hemodialysis (MHD). The X-axis 
represents the threshold probability, and the Y-axis 
represents the net benefit rate. Horizontal lines 
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because acute comorbidities could quickly influence body flu-
id status and body composition [33], only clinically stable pa-
tients were included in the study. Our prediction models also 
cannot be applied to any patient who meets the exclusion cri-
teria of this study. We still need to verify the model in a larg-
er MHD population from multiple sources. In clinical work, the 
medical staff can use this prediction model and nomogram to 
regularly evaluate MHD patients, and when the model score is 
>-13.455 or the probability of nomogram is high, it indicates 
that the patient is very likely to have sarcopenia and suggests 
that they do further diagnostic tests. Appendicular skeletal 
muscle mass can be assessed by dual-energy X-ray absorpti-
ometry, computed tomography, magnetic resonance imaging, 
and bioelectrical impedance analysis. Muscle strength can be 
assessed by measuring HGS and the chair-stand test. Physical 
performance can be assessed by methods including the Short 
Physical Performance Battery, 6-m walk test, stair-climb power 
test, timed-up-and-go test, and 5-time chair stand test [1,11]. 
At present, the main intervention measures for sarcopenia in 
MHD patients are exercise intervention, nutrition intervention, 
and drug intervention [34,35]. Exercise intervention includes 
exercise during non-dialysis period and exercise during dial-
ysis. The main forms of intervention include aerobic exercise, 
resistance exercise, and aerobic combined with resistance ex-
ercise. Resistance exercise can better prevent and treat sarco-
penia and is currently the most important intervention mea-
sure [36]. Martin-Alemañy et al found that the effect of exercise 

combined with nutritional intervention was best [9]. In clinical 
practice, the medical staff should strengthen the attention to 
high-risk patients and patients close to high-risk, do a good 
job in health education for patients, develop a safe exercise 
prescription for them, actively supplement nutrition, and per-
form drug intervention when necessary.

Conclusions

The prediction model consisting of age, BMI, CC, and Scr is 
a simple, accurate, and reliable screening tool for predicting 
sarcopenia. Clinicians can use this prediction model to identi-
fy the risk of sarcopenia in patients on MHD earlier and more 
accurately. Healthcare providers can then offer early preven-
tive intervention and thus improve clinical outcomes for pa-
tients on MHD.
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