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Background: Malnutrition, dynapenia, and sarcopenia are prevalent conditions
among patients with maintenance hemodialysis (MHD). They are related to
numerous adverse health outcomes. The aim of this study was to compare the
effect of three nutritional screening tools on predicting the risk of dynapenia
and sarcopenia in patients with MHD.

Methods: From July 2020 to April 2021, a total of 849 patients with MHD
were enrolled at seven different healthcare facilities in Shanghai, China in
this multi-center cross-sectional study. Geriatric nutritional risk index (GNRI),
malnutrition inflammation score (MIS), and creatinine (Cr) index were used for
nutritional assessment. The cutoff values of muscle mass and strength to define
dynapenia, pre-sarcopenia, and sarcopenia were based on the consensus by
the Asia Working Group of Sarcopenia in 2019.

Results: Among 849, almost 60% were malnourished with the majority
suffering from dynapenia (27.7%), followed by sarcopenia (22.7%), and
pre-sarcopenia (6.2%).The area under the receiver—operating characteristic
curve for GNRI was 0.722 [95% confidence interval (Cl) = 0.684-0.760] and
0.723 (95% Cl = 0.663-0.783) in predicting sarcopenia and pre-sarcopenia.
The GNRI [odds ratio (OR) =6.28, 95% Cl: 4.05-9.73], MIS (OR =1.91, 95%
Cl: 1.31-2.78), and the Cr index (OR =2.73, 95% Cl. 1.71-4.34) were all
significantly associated with the risk of sarcopenia. More importantly, the
sarcopenia predictability of the GNRI appears greater than the MIS and Cr
index, while MIS was similar to the Cr index. Similarly, the superiority of
GNRI prediction was also found in pre-sarcopenia, but not in dynapenia.
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All the three nutritional screening tools were significantly

associated with an increased risk of sarcopenia. The sarcopenia predictability
of the GNRI was greater than the MIS and Cr index.

dynapenia, geriatric nutritional risk index, hemodialysis, nutritional screening tool,
pre-sarcopenia, sarcopenia

Introduction

Sarcopenia is a clinical condition characterized by an aged-
related decrease in skeletal muscle mass and low muscle strength
and/or physical performance (1). Muscle mass and muscle
strength have been discussed together since 2010 when the
European Working Group on Sarcopenia in Older People
(EWGSOP) defined pre-sarcopenia and sarcopenia (2). Evidence
is accumulating that both low muscle quantity and quality
might relate to adverse clinical outcomes, including increased
hospitalization, poorer quality of life, and increased mortality
in patients with maintenance hemodialysis (MHD) (3-5).
Interestingly, however, several recent studies suggest that the loss
of muscle strength without low muscle mass as dynapenia, is an
important risk for mortality in patients with MHD (6). Hence,
there is a great interest in correctly differentiating the loss of
muscle mass from strength. In fact, this deviation between the
association of muscle mass with muscle strength and clinical
adverse outcomes is a matter of interest and debate in the
international scientific community (7, 8).

The patients with MHD are related to a range of causes
of muscle mass and function, such as decreased physical
activity and nutrition intake, hormone dysfunction, and chronic
inflammation (9). Among these, malnutrition is a significant
risk factor for the development of sarcopenia (10). A wide
variety of nutritional screening markers and tools are available
to assess the nutritional status of patients with MHD (11),
such as body mass index (BMI), serum creatinine (Cr), and
serum albumin. These markers are insufficient when used
alone, so many clinicians usually use them in combination in
clinical practice. The malnutrition-inflammation score (MIS)
(12) is a valid diagnostic tool for evaluating nutritional status
in patients with MHD. However, the MIS is time-consuming
and cumbersome, because it requires a subjective evaluation.
Indeed, several simple and completely objective nutritional
screening tools can also be used to evaluate the nutritional risk
of patients with MHD. The Cr index and geriatric nutritional
risk index (GNRI) are recommended as the simple risk indexes
for nutritional status assessment among patients with MHD
(13). These two markers are objective and do not need special
skills or experience but instead can easily calculated from the
results of routine blood tests obtained at the bedside. Previous
reports have reported the association between the nutritional
marks and sarcopenia among the hospitalized older adults
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(14) and kidney transplant recipients (15). The conclusions are
inconsistent as different nutritional indicators were used. To
date, there are no research on the association between dynapenia
and nutritional status in the dialysis population, so further study
is needed.

In addition, few studies have compared the usefulness
and predictive ability of these three nutritional indexes (MIS,
GNRI and Cr index) regarding dynapenia, pre-sarcopenia
and sarcopenia in this population. It is clinically important
to directly compare these three indexes in the hemodialysis
population comprising a relatively large number of patients with
MHD. Thus, the aim of this study was to evaluate the ability of
the three nutritional screening tools (MIS, GNRI, and Cr index)
to identify dynapenia, pre-sarcopenia, and sarcopenia in patients
with MHD.

Methods
Subjects

A multi-center cross-sectional study was conducted in
Shanghai between July 2020 and April 202land included
seven hemodialysis centers. The inclusion were (1) age >
18 years, (2) receiving maintenance hemodialysis for at least
3 months, (3) able to provide informed consent, while the
exclusion criteria included (1) missing data on diagnostic criteria
for sarcopenia, (2) did not complete date on the nutrition
assessments, (3) clinical instability (presented with an infection,
pulmonary edema, amputated limb, or malignancy), and (4)
unable to communicate with the researchers or refusal to
participate in this study. We excluded patients who: (1) refused
11); (2)
unable to complete the handgrip strength test because of hand
disability (n = 2); (3) unable to walk due to disability or
complete wheelchair dependence and unable to perform gait

to undergo body composition examinations (n =

speed tests (n = 6); and 4) absence of results of relevant
nutritional blood tests (n = 12). The remaining 849 patients
were included in the final analytic sample (Figure 1). The
Ethics Committee of Shanghai University of Medicine and
Health Sciences approved this study (number 2019-A4-2621-
19-201001-03-12010419771113601X), and all of the patients
provided written informed consent to take part in this study.
These methods were implemented in accordance with the
principles of the Declaration of Helsinki.
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Inclusion criteria

1) age > 18years;

2) receiving maintenance hemodialysis for at least
3months;

3) able to provide informed consent.

Maintenance hemodialysis patients from eight
hemodialysis centers in Shanghai during 2020-2021
(N=880)

Excluded (N=49)

1) refused to undergo body composition
examinations (n = 11);

2) unable to complete the handgrip strength

Patients in statistical analysis
(N=849)

FIGURE 1
Flow chart of the study.

"| test because of hand disability (n = 2);

3) unable to walk due to disability or complete
wheelchair dependence and unable to perform
gait speed tests (n = 6);

4) absence of results of relevant nutritional
blood tests (n=12).

Covariates

All the patients were invited to a face-to-face interview
to answer a standardized questionnaire. Covariates included
socio-demographic characteristics and chronic disease status.
Demographic characteristics comprised of age, sex, post-dialysis
weight, dialysis vintage, and education level. The International
Physical Activity Questionnaire (IPAQ) (16) was used to
evaluate the physical activity. Comorbidity was assessed using
the Charlson Comorbidity Index (CCI), which accounted for
multiple comorbidity by creating a summation score based on
19 comorbidity conditions (17). Moreover, all the blood samples
were taken prior to dialysis. The dialysis quality was assessed by
fractional clearance index for urea (Kt/V), which was monitored
in every dialysis treatment using the OCM ~ (On-line Clearance
Monitor; Fresenius Medical Care, Bad Homburg, Germany).

Definition of dynapenia, pre-sarcopenia,
and sarcopenia

A direct segmental multi-frequency bioelectrical impedance
analysis (BIA; InBody S10; Biospace, Seoul, Korea) was used to
measure muscle mass (18). Low muscle mass was defined as
skeletal muscle index (SMI) lower than 7.0 and 5.7 kg/ m? in man
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and women, respectively. The dynamometer (GRIP-D; Takei
Ltd, Niigata, Japan) on the non-fistula hand before a dialysis
session to evaluate the muscle strength.

For patients with an indwelling dialysis catheter, we used the
dominant hand to test muscle strength. Low muscle strength
was defined as handgrip strength < 28 or < 18 kg in males and
females. Usual gait speed was measured to assess poor-physical
performance, which was less than 1.0 m/s in both males and
females. All the patients were measured for these tests using the
same measurement by a physical therapist at each facility on
dialysis day before dialysis treatment.

Dynapenia was defined as patients with decreased muscle
strength and normal muscle mass (8). A low SMI with normal
handgrip strength and normal gait speed were to defined pre-
sarcopenia (2). Sarcopenia was diagnosed based on 2019 new
version of the Asian Working Group for Sarcopenia (AWGS)
criteria. These criteria included both low muscle mass and low
muscle strength and/or poor-physical performance (1).

Assessment of nutritional status

Malnutrition—inflammation score
The (MIS) is a
comprehensive scoring system that is associated with expected

Malnutrition-Inflammation  Score
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hospitalization rates, mortality rates, and nutritional measures
of patients with MHD (12). The 10 items about the patient’s
with MHD nutritional and functional state were included in
the MIS. Each component of the MIS has four severity levels,
ranging from 0 (normal) to 3 (severely abnormal). The total
score ranges from 0 to 30. The higher score suggests a more
severe degree of malnutrition status.

Geriatric nutritional risk index

In the several previous studies, Geriatric Nutritional Risk
Index (GNRI) has been shown to be an important predictor
of morbidity and mortality and associated with a variety of
nutrition-related markers (19, 20). The GNRI was calculated
using the following equation (21):

GNRI = [14.89xalbumin(g/dl)]
+[41.7x (bodyweight/idealbody weight)]

Ideal body weight was defined as having a body mass index
(BMI) value of 22 kg/ m?2.

Creatinine index
Creatinine (Cr) index was calculated based on known sex
differences as follows (13, 22):

Crindex for men = 16.21 + 1.12 — 0.06 x [age (year)]
—0.08 x(single pool Kt/V) + 0.009

X [serum creatinine (umol/L)],

Crindex for women = 16.21 — 0.06 x [age (year)]
—0.08 x(single pool Kt/V) + 0.009

X [serum creatinine (umol/L)].

Statistics

Independent ¢-test (numeric variables) or by chi-square
test (categorical variables) were used to compared patients
with and without sarcopenia. Numeric variables with a normal
distribution are expressed as the mean + SD, while with a
non-normal distribution are expressed as the median, with the
25-75% interquartile ranges given in parentheses. Categorical
variables used an absolute number and proportions. The
receiver operating characteristic curve (ROC) was a graph
of sensitivity plotted against (1-specificity) overall possible
diagnostic cut points. The cutoff points of dynapenia, pre-
sarcopenia and sarcopenia were determined by the maximal
Youden’s index, which was calculated as (sensitivity + specificity
—1) and the greatest combination of sensitivity and specificity.
Logistic regression analyses were used to assess the relationships
between three nutritional screening tools (MIS, GNRI, and Cr
index) and dynapenia, pre-sarcopenia, or sarcopenia. Adjusted
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model included age, sex, Kt/V, IPAQ, CCI, Cr, PTH, and
phosphorus. We further used Harrell’s C-statistics to confirm
which nutritional markers were best for identifying dynapenia,
pre-sarcopenia, and sarcopenia. P < 0.05 was considered
statistically significant. IBM SPSS Statistics v26.0 (SPSS Inc.,
Chicago, IL, United States) was used to perform all the
statistical analyses.

Results

Characteristics of the patients for
sarcopenia

Among 849 participants (520 men, 329 women; mean age
61.4 £12.6 years), and there were 235 (27.7%) patients with
dynapenia, followed by 193 (22.7%) patients with sarcopenia,
and 53 (6.2%) with pre-sarcopenia, respectively. Table 1 shows
the socioeconomic and health-related characteristics of patients
with MHD stratified by sarcopenic status. Age, post-dialysis
weight, BMI, Kt/v, handgrip strength, SMI, gait speed, IPAQ,
nutritional factors (MIS, GNRI, and Cr index), CCI, and
laboratory parameters (albumin, Cr, PTH, and phosphorus)
significantly differed between groups (P < 0.05, Table 1).

Evaluations of three nutritional screening
tools on ROC curve

The ROC curves were created to quantify sensitivity,
specificity, areas under the ROC curves (AUC), and optimal
cutoff points of three nutritional screening tools. Table 2
shows that the AUC of GNRI toward sarcopenia and pre-
sarcopenia were lager than Cr index and MIS. The AUC of MIS,
GNRI and Cr index toward sarcopenia were 0.640, 0.722, and
0.700, respectively (Figure 2), while pre-sarcopenia was 0.517,
0.723, and 0.558, respectively. Meanwhile, the cutoff points
of GNRI toward pre-sarcopenia and sarcopenia were 103 and
102.4, respectively.

Relationships of the three nutritional
screening tools and dynapenia,
pre-sarcopenia, and sarcopenia

The relationships between the three nutritional screening
tools and dynapenia, pre-sarcopenia, and sarcopenia are shown
in Table 3. After adjustment for age, sex, Kt/V, IPAQ, CCI, Cr,
PTH, and phosphorus, a significantly higher risk of sarcopenia
was found in patients in poor-nutrition categories identified by
GNRI [odds ratio (OR) = 6.28, 95%CI: 4.05, 9.73) than Cr index
(OR = 2.73, 95%CI: 1.71, 4.34) and MIS (OR = 1.91, 95%CI:
1.31,2.78). The OR for pre-sarcopenia was higher in Cr index in
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TABLE 1 Baseline characteristics of study participants according to
the presence of sarcopenia.

Characteristics Non-sarcopenia Sarcopenia

(n = 656) (n=193) P-value
Age (y) 59.4+123 683+ 11.3 <0.001
Male (%) 404(61.6) 116(60.1) 0.710
Post-dialysis weight (kg) 652+ 12.0 535479 <0.001
BMI (kg/m?) 240+3.8 21.1+£29 <0.001
Vintage (months) 46.2(22.8,91.4) 48.2(30.1,105.3) 0.062
Kt/v 1.33 £0.33 1.49 £ 0.30 <0.001
Handgrip strength 26.6 8.7 18.8 6.2 <0.001
SMI (kg/m?) 73+ 1.1 58408 <0.001
Gait speed (m/s) 1.04 £0.28 0.78 £0.31 <0.001
IPAQ (Met-min/wk) 1,508(693.3492) 783(0,2079) 0.001
Nutritional factors
GNRI 104.0 9.8 97.8+72 <0.001
MIS 394238 54433 <0.001
Cr index 224430 204 +25 <0.001
Number of medications (n) 44+24 45+25 0.709
CCI 3.8+ 1.6 42+18 0.001
Laboratory parameters
Hemoglobin (g/dL) 110.9 £ 15.7 111.3 £ 16.3 0.720
Albumin (g/L) 39.8£35 388134 0.001
Cr (umol/L) 1013.5 £ 276.6 864.1 £223.5 <0.001
PTH (pg/dL) 3752 £ 332.7 303.4.3 £ 288.0 0.007
Calcium (mg/dL) 227 £0.25 225+0.27 0.180
Phosphorus (mg/dL) 1.99 £+ 0.63 1.84 £ 0.65 0.004

BMI, body mass index; Kt/V, fractional clearance index for urea; ESRD, end stage
renal disease; SMI, skeletal muscle index; GNRI, geriatric nutritional risk index; MIS,
malnutrition inflammation score; Cr, creatinine; IPAQ, international physical activity
questionnaire; Met-min/wk, metabolic equivalent task minutes per week; CCI, Charlson
comorbidity index; PTH, parathyroid hormone.

pre-sarcopenia (OR = 5.49, 95% CI: 1.88, 16.02) than GNRI (OR
= 5.29, 95% CI: 2.69, 10.39). However, the OR for dynapenia
was slightly higher in MIS (OR = 2.12, 95% CI: 1.42, 3.17) than
GNRI (OR =1.71,95% CI: 1.02, 2.86), and Cr index (OR = 1.73,
95% CI: 1.09, 2.73).

Discrimination tests

Harrell’s C statistic were used to evaluate the discrimination
of each nutritional screening tool. The Harrell’s C statistics of
the GNRI and Cr index were significantly higher than the MIS
(GNRI vs. MIS: P = 0.001; GNRI vs. Cr index: P = 0.001), and
there was no significant difference between the MIS and the Cr
index in the values of the Harrell’s C statistic for sarcopenia (P =
0.436, Table 4). Pre-sarcopenia also showed the similar results;
however, there were no significant difference among the three
nutritional screening tools in the values of the Harrell’s C statistic
for dynapenia (Table 4).
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TABLE 2 Receiver operating characteristic curve for the nutritional
factors to estimate the probability of dynapenia, pre-sarcopenia, and
sarcopenia.

Variables Bootstrap ROC curve
AUC (95%CI) P- Cutoff Sensitivity Specificity

value (%) (%)

Dynapenia

MIS 0.582(0.535,0.628) <0.001 55 33.6 82.6

GNRI 0.471(0.425,0.517)  0.208 94.4 14.9 90.2

Cr index 0.606(0.562,0.651) <0.001  22.5 67.2 50.8

Pre-sarcopenia

MIS 0.517(0.443,0.592) 0.674 3.5 56.6 52.9

GNRI 0.723(0.663,0.783) <0.001 102.4 774 63.2

Cr index 0.558(0.490,0.626) 0.161 24.1 92.5 28.4

Sarcopenia

MIS 0.640(0.596,0.684) <0.001 4.5 54.4 66.2

GNRI 0.722(0.684,0.760) <0.001 103.0 79.3 56.6

Cr index 0.700(0.660,0.740) <0.001  21.1 67.4 66.5

ROC, receiver operating characteristic curve; AUC, area under the curve; CI, confidence
interval; GNRI, geriatric nutritional risk index; MIS, malnutrition inflammation score;
Cr, creatinine.

100 —

80 -

20 =
— GNRI
---- MIS
- o Crindex
o4 . 1 L [ DA |
0 20 40 60 80 100
100-Specificity
FIGURE 2

Receiver operating characteristic (ROC) curve for geriatric
nutritional risk index (GNRI), malnutrition inflammation score
(MIS), and Creatinine (Cr) index according to sarcopenia.

Discussion

Our study suggested that each of the three nutritional
screening tools was significantly associated with an increased
risk of dynapenia, pre-sarcopenia, and sarcopenia in Chinese
patients with MHD. Moreover, the sarcopenia predictability of
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TABLE 3 Multivariable logistic regression analysis evaluating
nutritional factors associated with dynapenia, pre-sarcopenia, and
sarcopenia.

Variables OR (95%CI)

Crude P Adjusted model P
Dynapenia
MIS 2.41(1.67,3.47) <0.001 2.12(1.42,3.17) <0.001
GNRI 1.53(0.96,2.46) 0.075 1.71(1.02,2.86) 0.040
Cr index 2.06(1.48,2.85) <0.001 1.73(1.09,2.73) 0.019
Pre-sarcopenia
MIS 1.47 (0.83,2.58) 0.186 1.57(0.87,2.83) 0.132
GNRI 5.82(3.00,11.31)  <0.001 5.29(2.69,10.39) <0.001
Cr index 3.86(1.51,9.87) 0.005 5.49(1.88,16.02) 0.002
Sarcopenia
MIS 2.33(1.68,3.23) <0.001 1.91(1.31,2.78) 0.001
GNRI 4.86(3.33,7.09) <0.001 6.28(4.05,9.73) <0.001
Cr index 3.98(2.84,5.60) <0.001 2.73(1.71,4.34) <0.001

Adjusted model: Adjusted for age, sex, Kt/V, IPAQ, CCI, Cr, PTH and phosphorus.
GNRI, geriatric nutritional risk index; MIS, malnutrition inflammation score; Cr,
creatinine; Kt/V, fractional clearance index for urea; IPAQ, international physical activity
questionnaire; CCI, Charlson comorbidity index; PTH, parathyroid hormone.

TABLE 4 Results of the Harrell's C statistic.

Variables Harrell’s C statistic (95%CI) SE 14
Dynapenia

MIS 0.713(0.677,0.747) 0.021  Ref. 0267
GNRI 0.705(0.664,0.746) 0.021  0.267  Ref.
Cr index 0.703(0.667,0.737) 0.021 0.322 0.982
Pre-sarcopenia

MIS 0.662(0.624,0.698) 0.040  Ref.  0.004
GNRI 0.757(0.722,0.790) 0.030  0.004  Ref.
Cr index 0.701(0.664,0.736) 0.034 0.184 0.120
Sarcopenia

MIS 0.785(0.756,0.813) 0.018  Ref.  0.001
GNRI 0.828(0.801,0.853) 0.016  0.001 Ref.
Cr index 0.779(0.749,0.806) 0.019 0436 0.001

GNRI, geriatric nutritional risk index; MIS, malnutrition inflammation score;

Cr, creatinine.

the GNRI appears greater than Cr index and MIS, while Cr index
similar to the MIS. Thus, GNRI is considered a useful tool for
predicting sarcopenia in this group.

In our study, the prevalence of sarcopenia was 22.7%, which
is consistent with the previously reported sarcopenia prevalence
in dialysis patients (20.0%) (6), as well as the results of a recent
systematic analysis of 30 studies in dialysis patients (sarcopenia
prevalence = 28.5%) (23). Based on the cut-oft values of muscle
mass and function recommended by existing guidelines for the
diagnosis of sarcopenia in the general population, the prevalence
of sarcopenia in hemodialysis patients ranges from 4 to 68%
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(6, 23-25). This wide range is partly representative of the lack of
recognized definition for diagnosing low muscle mass and low
muscle strength (24). On the other hand, sarcopenia, as defined
in the healthy population, may not apply to dialysis population.
Therefore, more research is needed in the future to determine
the appropriate diagnostic cut-point values for sarcopenia in the
dialysis population.

Consistently, previous studies found that malnutrition
was significantly associated with sarcopenia in patients with
MHD (26). With regard to the indicators used for nutritional
assessment, studies have shown that the GNRI (27) and
MIS (10) were associated with sarcopenia in patients with
MHD. However, the relationship between the Cr index and
sarcopenia remains scarce. Furthermore, the GNRI has the best
discrimination to predict sarcopenia, while the Cr index similar
to the MIS. However, Beberashvili et al. (28) reported that MIS
is more comprehensive than GNRI in monitoring of nutritional
status in patients with MHD. In addition, another study found
that lower GNRI and Cr index values were both independently
and equally associated with an increased risk of all-cause
mortality in a multivariable-adjusted model (13). Differences of
sample size, dialysis vintage, or population characteristics could
explain this inconsistent finding. Our findings and hypotheses
warrant further confirmation.

In our study, the cut-off value for estimating GNRI for
sarcopenia was 103. In a previous study of Japanese dialysis
patients, the cut-off value for GNRI was 90 when the outcome
was mortality (19). The cut-off value in our study for sarcopenia
was slightly higher, possibly due to the lower prevalence of
malnutrition among patients in this population. The reason
may be that universal health insurance system in Shanghai of
China allows all the dialysis patients to treat complications
early, and it should be recognized that many patients may
be not malnourished due to their relative financial wealth. In
addition, several research on the effectiveness of the GNRI
in patients with MHD have shown that the GNRI is more
sensitive and specific than other assessment tools in predicting
mortality (29). Nutritional screening tool should be simple,
fast, and reproducible (intra-rater and interrater reliability)
and sufficiently discriminating. MIS is time-consuming and
cumbersome because it requires a subjective evaluation.
Moreover, GNRI requires only two parameters while the Cr
index needs four parameters, making GNRI easier. The simpler
of the two would be more practical and useful in the clinical
setting, which is consistent with our results. Hence, GNRI
may be used as a screening indicator based on medical
record information in place of complex diagnostic criteria
described in the consensus for estimating sarcopenia in patients
with MHD.

This study has important implications for clinical practice
and future research. First, it highlights that screening poor
nutrition status is usually highly predictive of sarcopenia in
patients with MHD. Second, it is strongly recommended to
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maintain sufficient calorie and protein intake especially physical
therapy to avoid or reverse sarcopenia (26). However, efforts to
increase food intake in patients with MHD with sarcopenia often
are unsuccessful because of the persistent anorexia arising from
sarcopenia-related inflammatory status (30). Finally, physical
therapy may increase appetite in the short term by improving
the patient’s mood and increase metabolic rate in the long term
by activating muscle metabolism.

Some limitations should be considered in our
study. First, it is not possible to elucidate clear causal
associations between three nutritional screening tools

and sarcopenia in the patients with MHD because this
study is a cross-sectional design. Second, the prevalence
of malnutrition in this population is relatively low and
few patients had severe malnutrition. Future studies with
longitudinal designs are required to confirm the causal
association between different nutritional screening tools
and sarcopenia.

In conclusion, MIS, GNRI, and Cr indexes were almost
equally and significantly associated with an increased risk of
dynapenia, pre-sarcopenia, and sarcopenia. The sarcopenia
predictability of the GNRI was greater than the Cr index
and MIS, while the Cr index similar to MIS. Our findings
provide further evidence for the selection of the nutritional
screening tool to predict sarcopenia in patients with MHD.
If further confirmed, GNRI as a simple tool could be used
to identify patients with MHD at high risk of sarcopenia.
Multiple interventions targeting these high-risk patients
and implementing early intensification can help reduce
their risk of sarcopenia and other clinical complications in
the future.
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