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Serum cystatin C to creatinine ratio is associated with
sarcopenia in non-dialysis-dependent chronic kidney
disease
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Background: Sarcopenia is a prevalent complication in patients with chronic kidney disease and is associated with poor quality of
life, morbidity, and mortality. Several candidate biomarkers have been evaluated for this condition. This study assessed the serum
cystatin C to creatinine (serum cystatin C/Cr) ratio as a potential biomarker for sarcopenia in patients with non-dialysis-dependent
chronic kidney disease.

Methods: This study enrolled 517 outpatients. Muscle mass (lean tissue index) was measured using a bioimpedance spectroscopic
device, and muscle strength (handgrip strength) was also measured. Sarcopenia was defined as a combination of low muscle
strength and low muscle mass.

Results: Sarcopenia was observed in 25.5% of patients, and the mean serum cystatin C/Cr ratio was significantly higher in patients
with sarcopenia than in those without it (1.14 £ 0.26 vs. 1.01 £ 0.27, p < 0.001). The prevalence of sarcopenia and low lean tissue
index increased as the cystatin C/Cr ratio increased. The negative predictive value of the cystatin C/Cr ratio for sarcopenia or low lean
tissue index was 280%. Multivariate analyses revealed that when the serum cystatin C/Cr ratio increased by 1, the risk of sarcopenia,
low lean tissue index, and low handgrip strength increased by 4.6-, 7.2-, and 2.6-fold, respectively (p = 0.003, p < 0.001, and p =
0.048). The association was maximized in patients with an estimated glomerular filtration rate of <30 mL/min/1.73 m>.

Conclusion: Calculating the serum cystatin C/Cr ratio could be helpful for detecting and managing sarcopenia in patients with chron-
ic kidney disease.
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Introduction and strength, is significantly associated with frailty, poor
quality of life, comorbid diseases such as infections, and
Sarcopenia, defined as the progressive loss of muscle mass  early death [1-6]. It is common not only in patients on dial-
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ysis but also in those with non-dialysis-dependent (NDD)
chronic kidney disease (CKD). It is associated with poor
physical performance, renal disease progression, and mor-
tality in that population [7-11]. A recent study using data
from the Korean National Health and Nutrition Examina-
tion Survey from 2014 to 2017 revealed that the prevalence
of decreased muscle strength was higher in CKD patients
than in healthy people, and the decrease in strength cor-
related significantly with the CKD stage [12]. A low-protein
diet, which is one of the treatments for advanced CKD,
can increase the risk of muscle loss [13]. Additionally, pro-
tein-energy wasting is often present in CKD patients, which
increases the risk of various conditions and leads to poorer
prognoses [14].

Therefore, the early detection and management of sarco-
penia are important; however, periodic screening and eval-
uation for sarcopenia have not been recommended in pa-
tients with NDD-CKD [15], and limited information about
risk assessment and stratification is available. Many of the
methods commonly used to evaluate muscle mass and
strength are difficult to apply in practice. Therefore, if sar-
copenia can be predicted from the results of periodic blood
tests already performed in patients with CKD, monitoring
would be simple, inexpensive, and easy to use in actual
clinical practice. In addition, the development of biomark-
ers for detecting sarcopenia could be useful for identifying
high-risk populations. Several candidate biomarkers for
sarcopenia have been suggested [16-18]. However, because
sarcopenia is a heterogeneous condition, its pathophysiol-
ogy and associated aging-related muscle changes are barri-
ers to the identification of specific biomarkers.

The serum creatinine (sCr) level is a well-known serum
biomarker for renal function; it is proportional to the glo-
merular filtration rate (GFR) but is affected by factors such
as fluid status, nutritional status, diet, and muscle mass
[19]. In contrast, the serum cystatin C level, another marker
of renal function, is not directly affected by muscle mass
because it is produced in all nucleated cells; therefore, it
reflects GFR more accurately and consistently than sCr in
patients with muscle loss [20,21]. We hypothesized that
serum cystatin C levels might be higher than sCr levels in
patients with sarcopenia. Several studies have demonstrat-
ed that the ratio of these two markers can predict the loss
of muscle mass and strength, as well as sarcopenia, better
than either marker alone [22-24].

In this study, we examined whether the serum cystatin C
to Cr (serum cystatin C/Cr) ratio or the difference between
the serum cystatin C and sCr levels measured in patients
with NDD-CKD correlates with decreased muscle mass and
strength and sarcopenia; additionally, we evaluated the ac-
curacy of those indicators and their diagnostic precision.

Methods
Study population and design

This retrospective cohort study was conducted with adult
patients who visited the outpatient clinic at the Depart-
ment of Nephrology in Hallym University Sacred Heart
Hospital between March 2015 and February 2020. We en-
rolled patients who visited at least twice at 3-month inter-
vals, met the blood and urine criteria for CKD, underwent
body composition monitoring at least once and had renal
function tests, including cystatin C, on the same date. In to-
tal, 517 patients were included in the study, excluding 408
patients who were already on dialysis (Supplementary Fig.
1, available online). This study was conducted in accor-
dance with the guidelines outlined in the 2013 Declaration
of Helsinki and was approved by the Institutional Review
Board of Hallym University Sacred Heart Hospital (No.
HALLYM 2022-02-017). Body composition monitoring was
performed during routine clinical evaluations, and this was
a retrospective study using data obtained from treatment
processes that had already been completed. Because the
personal information of the research subjects was thor-
oughly protected during the entire research process, in-
cluding clinical data collection, analysis, and thesis writing,
the Institutional Review Board waived the requirement for
written informed consent from the study population.

Body composition parameters

Body composition parameters were measured using a
portable whole-body bioimpedance spectroscopy (BIS)
device (Fresenius Medical Care, Bad Homburg, Germany).
In patients suspected to have an accompanying volume
depletion or volume overload because of their clinical
history or physical examination, body composition param-
eters were not measured. All participants stood in front of
the device and were evaluated with both arms extended
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to the sides. This instrument displays objective indicators
of muscle mass (lean tissue mass), fat mass, and hydration
status. The lean tissue index (LTT) and fat tissue index (FTT)
were obtained by normalizing the lean tissue mass and fat
mass to the body surface area (m?). According to the 2019
Asian Working Group for Sarcopenia (AWGS) guidelines
[25], low muscle mass was defined as an LTI of <5.7 kg/m’
for females and <7.0 kg/m” for males. Handgrip strength
(HGS) was measured using a Jamar handheld dynamom-
eter (Jamar Plus; Sammons Preston Inc., Bolingbrook, IL,
USA) to evaluate muscle strength. Low muscle strength
was defined as an HGS of <18 kg for females and <28 kg for
males. Sarcopenia was defined as both low muscle mass
(low LTI) and low muscle strength (low HGS), according to
the sarcopenia diagnostic criteria of the 2019 AWGS [25].
Because muscle mass alone is not sufficient for a strength
evaluation, and muscle biomarkers are more related to
muscle mass than muscle strength, we subclassified our
subjects into low LT1, low HGS, and low HGS and low LTI
(sarcopenia) subgroups for our analyses.

Clinical parameters and assessments

The results of laboratory investigations (blood and urine)
performed on the day that patients underwent body com-
position monitoring were collected from their electronic
medical records. The hemoglobin (Hb) concentration in
whole blood samples was determined using an ADVIA
2120i hematology system (Siemens Healthcare Diagnos-
tics, Erlangen, Germany). The levels of total cholesterol, to-
tal protein, serum albumin, uric acid, blood urea nitrogen,
sCr, sodium, potassium, calcium, phosphorus, and total
CO, in the serum samples were measured on a Cobas 8000
€702 Chemistry Analyzer (Roche Diagnostics, Rotkreuz,
Switzerland). The urine protein to Cr ratio was calculated
using random urine samples. Cystatin C was measured
using an automated AU-5800 analyzer (Beckman Coulter,
Brea, CA, USA). The estimated GFR (eGFR) was calculated
using the CKD-Epidemiology Collaboration (CKD-EPI)
formula [26].

Diabetes was defined as a fasting blood glucose level
of 2126 mg/dL, glycated Hb of 26.5%, or the use of an an-
tidiabetic agent. Hypertension was defined as a systolic
or diastolic blood pressure of 2140 mmHg or 290 mmHg,
respectively, or the use of antihypertensive agents. Body
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mass index (BMI, kg/m?) was calculated using the weight
and height at the time of body composition measurement
and was classified into five groups based on the criteria for
the Asian population.

Statistical analyses

Categorical variables, expressed as frequencies and pro-
portions, were compared using the chi-square test or Fisher
exact test. The Kolmogorov-Smirnov test was performed to
examine the assumption of normality for continuous vari-
ables. After the test for normality, non-normally distributed
variables, presented as medians with interquartile ranges,
were compared using the Kruskal-Wallis or Mann-Whitney
U test. Pearson correlation coefficients were calculated to
explore the linear relationships between various clinical
parameters and the serum cystatin C/Cr ratio or the dif-
ference between cystatin C and sCr levels. Patients were
categorized into sex-specific quartiles of serum cystatin C/
Cr ratio because no normal value for that ratio has been
established. The value of the serum cystatin C/Cr ratio or
difference between cystatin C and sCr levels for identifying
sarcopenia, low LTI, and low HGS was investigated using
the area under the receiver operating characteristic curve,
cut-off values, sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), positive like-
lihood ratio, negative likelihood ratio, and diagnostic odds
ratio (DOR). A simple logistic regression model was used to
calculate odds ratios and 95% confidence intervals (CIs) for
associations between the serum cystatin C/Cr ratio or dif-
ference between cystatin C and sCr levels and sarcopenia,
low LTI, and low HGS. Significance was set at p < 0.05, and
statistical analyses were performed using IBM SPSS version
20.0 K (IBM Corp., Armonk, NY, USA).

Results

Baseline characteristics and demographics of the partici-
pants

Table 1 presents the demographic, clinical, and body com-
position parameters of the participants categorized accord-
ing to the sex-specific serum cystatin C/Cr ratio quartiles.
Of the 517 participants, 66.2% were male, the median age
was 67 years, and diabetes was observed in 45%. At the
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Table 1. Baseline characteristics and demographics of the total study population

o Cystatin C/Cr ratio
Characteristic Total (n = 517) p-value
Q1 Q2 Q3 Q4

No. of patients 517 128 130 130 129

Male sex 342 (66.2) 5 (66.4) 86 (66.2) 86 (66.2) 85 (65.9) >0.99

Age (yr) (56 77) 8 (49-69) 61 (55-73) 72 (60-78) 76 (65-82) <0.001
<40 7 (5.2) 3(10.2) 6 (4.6) 7(5.4) 1(0.8) <0.001
41-50 6 (8.9) 2(17.2) 16 (12.3) 7(5.4) 1(0.8)

51-60 102 (19.7) 8(29.7) 37 (28.5) 14 (10.8) 13 (10.1)
61-70 117 (22.6) 9 (22.7) 2(24.6) 29 (22.3) 27 (20.9)
271 225 (43.5) 6 (20.3) 9 (30.0) 73 (56.2) 87 (67.4)

Diabetes mellitus 234 (45.3) 3(41.4) 6(43.1) 55 (42.3) 70 (54.3) 0.21

Hypertension 374 (72.3) 2 (71.9) 8 (67.7) 93 (71.5) 101 (78.3) 0.51

Systolic blood pressure (mmHg) 134.0 132.5 134.0 137.0 130.0 0.11

(123.0-146.8) (123.0-146.8) (122.0-145.0) (125.8-149.3) (120.0-145.8)

Diastolic blood pressure (mmHg) 74.0 (65.0-82.0) 77.0 (68.0-87.0) 75.5(68.0-81.0) 74.0(65.0-84.0) 71.0 (61.0-78.0) <0.001

Pulse pressure (mmHg) 60.0 (50.0-72.0) 56.5(46.0-71.8) 59.0(49.0-69.3) 62.0(52.8-78.3) 61.0(51.5-73.0) 0.02

Body mass index (kg/m?) 25.5 (23 3-28.0) 25.9(23.8-27.8) 25.3(23.3-28.1) 25.3(23.2-27.4) 25.6(23.0-28.3) 0.70
<185 1(2.1) 4(3.1) 2(1.5) 3(2.3) 2(1.6) 0.47
218.5,<23.0 (19 1) 1(16.4) 1(16.2) 27 (20.8) 30(23.3)
223.0,<25.0 119 (23.0) 4 (18.8) 8(29.2) 31(23.8) 26 (20.2)
225.0,<30.0 215 (41.6) 2 (48.4) 47 (36.2) 5 (42.3) 51 (39.5)

230.0 3(14.1) 17 (13.3) 2(16.9) 14 (10.8) 20 (15.5)

CKD-EPI eGFR (mL/min/1.73 m?) 40.0 (27.1-61.0) 31.5(15.7-58.4) 43.6 (27.2-63.4) 40.1(27.6-54.9) 43.6(33.0-62.1) <0.001
260 133 (25.7) 0(23.4) 8(29.2) 8 (21.5) 37 (28.7) <0.001
<60, 245 87 (16.8) 8(14.1) 3(17.7) 3(17.7) 23 (17.8)
<45, 230 139 (26.9) 0 (15.6) 31(23.8) 9 (30.0) 49 (38.0)
<30, 215 120 (23.2) 31(24.2) 31(23.8) 8 (29.2) 20 (15.5)
<15 8 (7.4) 9 (22.7) 7 (5.4) 2(1.5) 0(0.0)

Urine protein/Cr ratio (mg/mgCr) 0.31(0.11-1.24) 0.42 (0.09-1.60) 0.34 (O 08-1.13) O. 30 (0.12-1.27) 0.22(0.11-1.08) 0.65
<1.0 351 (67.9) 0 (62.5) 1(70.0) 1(70.0) 89 (69.0) 0.23
21.0,<3.0 97 (18.8) 6 (20.3) (16 9) 9(22.3) 20 (15.5)

23.0 6(8.9) 17 (13.3) 1(8.5) 6 (4.6) 12 (9.3)

Lean tissue index (kg/m?) 14.5(12.5-171) 16.1(13.6-18.4) 15.3(13.1-17.5) 14.3(12.3-16.4) 13.2(11.3-15.2) <0.001
Male 15.9 (13.8-18.0) 17.8(15.7-19.4) 16.8 (14.7-18.6) 15.7 (14.2-17.5) 13.8(12.5-15.7) <0.001
Female 12.1(10.7-13.6) 13.0(11.3-14.9) 12.7 (11.0-13.8) 12.1(10.9-13.5) 11.0(9.9-13.1) 0.004

Fat tissue index (kg/m?) 10.1(7.5-12.7) 0 (6.5-11.5) 8(7.5-12.0) 10.3(7.8-13.0) 11.3(8.5-14.8) <0.001
Male 0(6.6-11.3) 2 (6.0-10.7) 9 (6.8-11.0) 0(6.0-11.2) 10.5(7.6-12.6) 0.005
Female 11.7 (9.3-16.0) 11.1(8.6-14.0) 11.0(9.1-13.4) 12.6(10.2-16.2) 12.8(11.0-18.9) 0.01

Handgrip strength (kg) 25.3(17.6-35.1) 31.3(20.7-39.1) 28.2(21.6-37.0) 23.8(16.2-31.6) 22.3(15.4-28.3) <0.001
Male 30.2(23.5-38.3) 36.1(28.1-44.3) 33.1(25.9-40.7) 28.9(20.5-35.7) 25.3(19.5-31.1) <0.001
Female 179 (13.7-22.5) 19.6 (14.4-26.4) 21.1(14.4-26.7) 16.9 (12.3-19.7) 16.0(13.3-19.8) 0.04

Overhydration index (L) 0.90 0.40 0.70 1.00 1.20 <0.001

(0.00-1.70) (-0.30t01.48) (-0.23101.70) (0.18-1.60) (0.50-2.05)

Total body water (L) 35.1(28.9-40.7) 37.6(31.8-42.7) 37.3(29.8-41.9) 34.4 (27.8-39.0) 31.8(27.0-38.0) <0.001

Extracellular water (L) 16.4 (13.7-18.6) 16.9(14.5-19.1) 16.6(13.8-19.1) 16.2(13.4-18.2) 15.6(13.2-18.4) 0.048

Intracellular water (L) 18.6 (15.0-22.0) 20.8 (16.7-24.2) 19.6 (16.2-22.7) 17.8(14.6-21.0) 16.6 (13.7-20.2) <0.001

Data are expressed as number only, number (%), or median (interquartile range).

Female: Q1, 0.246-0.986; Q2, 0.993-1.150; Q3, 1.152-1.302; Q4, 1.314-2.836. Male: Q1, 0.422-0.829; Q2, 0.833-0.955; Q3, 0.956-1.078; Q4,

1.079-2.686.

CKD-EPI, Chronic Kidney Disease-Epidemiology Collaboration; Cr, creatinine; eGFR, estimated glomerular filtration rate.
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time of enrollment, the average CKD-EPI eGFR was 40.0
mL/min/1.73 m? and the incidence of advanced (stage >
4) CKD was approximately 30% among the study patients.
Approximately 28% of patients displayed proteinuria > 1 g/
day.

The sex ratio, incidence of diabetes and hypertension,
and BMI were comparable in the four groups. However,
as the serum cystatin C/Cr ratio increased, age and pulse
pressure increased, and Hb and serum albumin levels
gradually decreased (Supplementary Table 1, available
online). In addition, in the highest cystatin C/Cr ratio
quartile group, LTI and HGS were the lowest, and FTI was
the highest. When we classified patients according to age,
sex, eGFR, and BM], the cystatin C/Cr ratio was higher in
patients with sarcopenia than in those without sarcopenia,

0
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except for patients with an eGFR > 45 or < 60 mL/min/1.73
m’ and a BMI < 23 or > 30 kg/m” (Fig. 1).

Correlation analysis of the serum cystatin C to creatinine
ratio, clinical and body compositional parameters, and
handgrip strength

Sarcopenia was observed in 132 patients (25.5%), and the
mean serum cystatin C/Cr ratio was significantly higher in
patients with sarcopenia than in those without sarcopenia
(1.14 £ 0.26 vs. 1.01 + 0.27, p < 0.001). The serum cystatin
C/Cr ratio differed significantly between females and males
(0.98 + 0.23 vs. 1.18 + 0.30, respectively; p < 0.001) and cor-
related positively with age (p = 0.359, p < 0.001), FTI (f =
0.259, p < 0.001) and pulse pressure (f = 0.091, p = 0.04). It

15 7 *
1.2 4 } l
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Figure 1. Comparison of serum cystatin C/Cr ratio in patients with and without sarcopenia. When patients were classified accord-
ing to age (A), sex (B), eGFR (C), and BMI (D), the cystatin C/Cr ratio was higher in patients with sarcopenia than in those without sar-
copenia, except for patients with eGFR of 245 or <60 mL/min/1.73 m? and BMI of <23 or 230 kg/m>. Data are presented as median

(interquartile range).

BMI, body mass index; Cr, creatinine; eGFR, estimated glomerular filtration rate; NS, not significant.

*p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 2. Receiver operating curve analysis of sarcopenia, low LTI, and low HGS with serum cystatin C/Cr ratio. The areas under
the receiver operating characteristic curve for the cystatin C/Cr ratio to predict sarcopenia (A), low LTI (B), and low HGS (C) were 0.66
(95% confidence interval [Cl], 0.60-0.71; p < 0.001), 0.693 (95% Cl, 0.64-0.74; p < 0.001), and 0.65 (95% Cl, 0.60-0.70; p < 0.001),

respectively.

AUC, area under the curve; Cr, creatinine; HGS, handgrip strength; LTI, lean tissue index.

correlated negatively with LTI (p = -0.450, p < 0.001), HGS
(B = -0.363, p < 0.001), Hb (p = -0.234, p < 0.001), and the
serum albumin level (f = —0.136, p = 0.002) (Supplementary
Fig. 2, available online). The correlation with LTT was high-
er in males than in females, and neither Hb nor albumin
showed any correlation with the serum cystatin C/Cr ratio
in females (Supplementary Table 2, available online).

In contrast, the difference between the serum cystatin C
and sCr levels had a weak correlation with several indica-
tors and no correlation with the biochemical data. There-
fore, we determined that the serum cystatin C/Cr ratio was
a potential marker reflecting low LTT and low HGS and per-
formed the following analysis.

Serum cystatin C to creatinine ratio as a potential bio-
marker for sarcopenia

The diagnostic utility of the serum cystatin C/Cr ratio as a
biomarker for sarcopenia showed an area under the curve
of 65.6% and an accuracy of 59.2% (Table 2, Fig. 2). The
optimal cut-off value for predicting sarcopenia was 1.170 in
females and 0.977 in males (sensitivity, 59.1%; specificity,
59.2%; NPV, 80.9%; and PPV, 33.2%). LTI was more closely
associated with the serum cystatin C/Cr ratio than HGS. In
patients with an eGFR of 45 mL/min/1.73 m®, the serum
cystatin C/Cr ratio demonstrated a high NPV in predicting

sarcopenia (90.5%) and low LTI (90.4%). In other words, if
the serum cystatin C/Cr ratio in patients with eGFR of 245
mL/min/1.73 m” was <1.047 or <1.071, it was highly likely
that no sarcopenia or low LTI, respectively, was present. In
males, the serum cystatin C/Cr ratio demonstrated a rela-
tively higher NPV and DOR in predicting sarcopenia than
in females.

The logistic regression analysis for the prevalence of
sarcopenia, low LTI, and low HGS is presented in Table 3.
As the serum cystatin C/Cr ratio increased by 1, the prev-
alence risk of sarcopenia, low LTI, and low HGS increased
by 4.6-fold (95% CI, 1.7-12.7, p = 0.003), 7.2 times (95% CI,
2.6-20.2, p < 0.001), and 2.6 times (95% CI, 1.0-6.6, p = 0.05),
respectively, after adjusting for age, BMI, underlying dis-
ease, albumin level, Hb level, and eGFR. However, the cor-
relation was greatest for low LTI. The cystatin C/Cr ratio is
thus a marker that better reflects muscle mass than muscle
strength.

The risk for the prevalence of sarcopenia increased by
approximately 1.8-fold when the cut-off value identified in
the diagnostic ability evaluation was >1.032 (Supplementa-
ry Table 3, available online), and the risk for the prevalence
of low LTI increased by approximately 2.0-fold when the
cut-off value was 21.037. However, there was no significant
correlation with low HGS values.

The participants were classified according to their CKD
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Table 2. Diagnostic accuracy analysis of the serum cystatin C/creatinine ratio

AUC (95% Cl) Cut-off ~ Sensitivity (%) Specificity (%) PPV (%) NPV (%) PLR NLR DOR
Sarcopenia
Total population 0.656 (0.602-0.709) 1.032 59.1 59.2 33.2 80.9 1.45 0.69 2.10
eGFR < 45 0.665 (0.601-0.729) 1.023 58.8 59.0 42.9 73.2 1.43 0.70 2.05
eGFR 2 45 0.664 (0.556-0.772)  1.047 60.0 60.0 19.1 90.5 1.50 0.67 2.25
Male 0.674 (0.607-0.741) 0.977 60.7 60.9 33.6 82.6 1.55 0.65 2.40
Female 0.619 (0.527-0.711) 1.170 58.3 58.3 34.6 78.7 1.40 0.72 1.95
Low lean tissue index
Total population 0.693 (0.642-0.744) 1.037 61.7 62.2 38.0 81.3 1.63 0.62 2.65
eGFR < 45 0.677 (0.612-0.741) 1.022 59.4 59.2 42.9 73.9 1.46 0.69 212
eGFR 2 45 0.743 (0.656-0.831) 1.071 67.5 67.8 318 90.4 2.09 0.48 4.37
Male 0.714 (0.649-0.779)  0.983 65.2 64.8 39.5 84.1 1.85 0.54 3.45
Female 0.654 (0.564-0.743) 1.176 59.6 61.8 39.7 78.4 1.56 0.65 2.39
Low handgrip strength
Total population 0.647 (0.600-0.695) 1.018 59.7 59.5 514 67.3 1.47 0.68 2.18
eGFR < 45 0.643 (0.580-0.705) 1.002 59.5 60.4 64.7 55.1 1.50 0.67 2.25
eGFR = 45 0.706 (0.630-0.782) 1.044 62.3 62.9 34.7 84.0 1.68 0.60 2.79
Male 0.656 (0.596-0.716) 0.964 61.7 62.2 50.9 718 1.63 0.62 2.65
Female 0.610 (0.526-0.693) 1.153 57.8 57.6 55.2 60.2 1.36 0.73 1.86

AUC, area under the curve; DOR, diagnostic odds ratio; eGFR, estimated glomerular filtration rate (mL/min/1.73 m?); NLR, negative likelihood ratio; NPV,
negative predictive value; PLR, positive likelihood ratio; PPV, positive predictive value.

Table 3. Logistic regression analysis for prevalence of sarcopenia, low LTI, and low HGS

Cystatin C/creatinine ratio (per 1 increase)

Variable Unadjusted Model 1 Model 2 Model 3

OR (95% Cl) p-value aOR (95% Cl) p-value aOR (95% Cl) p-value aOR (95% Cl) p-value
Sarcopenia  5.39 (2.53-11.50) <0.001 2.33(1.06-5.15) 0.04 2.62(1.13-6.08) 0.02 4.60 (1.67-12.68) 0.003
Low LTI 10.34 (4.62-23.15) <0.001  4.57 (2.00-10.41) <0.001  4.72(1.96-11.35) 0.001 7.18 (2.56-20.17) <0.001
Low HGS 6.92 (3.27-14.65) <0.001  2.11(0.98-4.56) 0.06 2.02 (0.90-4.53) 0.09 2.59 (1.01-6.64) 0.048

Model 1: adjusted for age and body mass index. Model 2: adjusted for model 1 plus diabetes mellitus and hypertension. Model 3: adjusted for model 2

plus albumin, hemogjobin, and estimated glomerular filtration rate.

aOR, adjusted odds ratio; Cl, confidence interval; HGS, handgrip strength; LTI, lean tissue index.

stage (Supplementary Table 4, available online). The cor-
relation between the serum cystatin C/Cr ratio and sarco-
penia or low LTI was strongest in patients with an eGFR of
<30 mL/min/1.73 m”.

Discussion

This study demonstrates a correlation between the prev-
alence of sarcopenia and the serum cystatin C/Cr ratio in
patients with NDD-CKD. As the serum cystatin C/Cr ratio
increased, the risks of sarcopenia, low LTI, and low HGS
increased significantly regardless of age, BMI, diabetes, hy-
pertension, eGFR, albumin, and Hb levels. The serum cys-
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tatin C/Cr ratio demonstrated high diagnostic predictive
power for sarcopenia or low LTI.

Recently, studies have reported the necessity and clinical
usefulness of the sarcopenia index in various diseases. The
Cr/ cystatin C ratio and that value multiplied by 100 have
been analyzed the most [22-24,27,28]. Recently, the Cr x
cystatin C-based GFR was suggested as a new index for
identifying sarcopenia in patients with various advanced
cancers, showing a stronger correlation with HGS and skel-
etal muscle mass than the Cr/cystatin C ratio [29]. Howev-
er, those studies included patients with relatively preserved
renal function and considered only a small number of
patients. Also, in some studies, muscle mass and strength
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were not measured. Therefore, it is difficult to generalize
and apply those findings to kidney disease.

Yanishi et al. [30] reported a positive correlation between
the skeletal muscle index and the Cr/cystatin C ratio in
kidney transplantation patients, but they excluded patients
with an eGFR of <30 mL/min/1.73 m” A high Cr/cystatin C
ratio at the start of continuous renal replacement therapy
was associated with a favorable prognosis [31]; however,
that study did not include nutritional status scoring and
applied the Cr/cystatin C ratio as a marker for muscle mass
at a time when it was not in a steady-state, which limits the
applicability of their analyses.

A recent analysis of the sarcopenia index in patients with
NDD-CKD [32] reported some results that differ from our
study results. First, whereas previous studies used a whole-
body bioelectrical impedance device (BIA), we measured
body composition using a portable whole-body BIS device.
BIA is widely used in nutritional evaluations in Korea,
and it has the advantage of having general population
data; however, its accuracy for determining muscle mass
depends on volume status, and insufficient research has
assessed its accuracy in patients with CKD. On the other
hand, research results using BIS have been reported for
patients with CKD, especially dialysis patients [33-37]. BIS
has the advantage of being non-invasive, rapid, and pro-
ducing easily repeatable measurements at the bedside, and
its usefulness in prescribing dialysis doses or determining
the dry weight of dialysis patients has been proven. We
have conducted several studies of dialysis patients using
BIS measurements [6,38-42], and this study was conducted
as an extension of those previous reports. To the best of
our knowledge, no standard definition of sarcopenia in pa-
tients with NDD-CKD or guidelines for treating and mon-
itoring them have yet been established. Because no big
data studies have yet been done to establish evidence or a
consensus, we conducted a study using BIS that confirmed
the clinical significance of sarcopenia in dialysis patients.
Of course, those study results alone cannot be generalized,
and additional studies are needed to evaluate and validate
the diagnostic accuracy of BIS, as well as to compare BIA
and BIS.

Second, the criteria for low muscle mass (low LTT) and
low muscle strength (low HGS) differed between our study
and previous studies, which used the sex-specific lowest
10th percentile of skeletal muscle index within the study

population. Here, we defined sarcopenia as a combination
of low muscle mass and low muscle strength according to
the sarcopenia diagnostic criteria of the 2019 AWGS. The
cystatin C/Cr ratio reflects muscle mass better than muscle
strength. Muscle strength cannot be evaluated simply by
muscle mass; thus, markers that can evaluate and represent
both parameters need to be discovered and developed.

Third, this study analyzed twice as many patients as
previous studies, and 30% of our patients had advanced
CKD. A strength of our study is including patients with all
stages of CKD and performing our analyses separately for
each CKD stage. Most important, unlike previous studies,
we used the cystatin C/Cr ratio. Studies of the sarcopenia
index in various disease groups, including patients with
NDD-CKD, are being actively conducted; however, none of
them are clearly established or suggested as guidelines or
consensus findings. Therefore, research on various mark-
ers should be performed from a broad perspective. The
cystatin C/Cr ratio had a significant correlation coefficient
with body composition markers and correlated positively
with the risk of low LTI, low HGS, and sarcopenia, with
the risk increasing as the ratio increased. Therefore, the
cystatin C/Cr ratio has the advantage of allowing clini-
cians to intuitively evaluate patient status, and it can be
easily calculated in actual clinical practice. Of course, it is
a limitation that the cystatin C/Cr ratio has a stronger cor-
relation with muscle mass than muscle strength because
muscle strength is more important than muscle mass, and
physical performance is even more important than muscle
strength. Therefore, additional research is needed to devel-
op a simple marker that can reflect and evaluate all those
factors. Characteristically, the diagnostic predictive power
of this ratio was higher in patients with an eGFR of 245 mL/
min/1.73 m’, probably because the effect of protein intake
or eGFR itself was greater in patients with eGFR of <45 mL/
min/1.73 m* To support that supposition, protein intake
should be checked and adjusted; the lack of such data is a
limitation of this study.

This study also has other limitations. Research conduct-
ed on a single ethnic group does not reflect racial differenc-
es. In addition, because inflammation can affect cystatin C
levels and was not evaluated, its effect cannot be complete-
ly excluded. Body fluid retention might have influenced the
results of the body composition analysis. However, we tried
to exclude patients with volume overload or depletion, and
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the overhydration index of the study population was not
large. We used measurements taken at only one time point,
so we could not determine trends and changes in the se-
rum cystatin C/Cr ratio. Because we used cross-sectional
data, the correlation between this index and long-term
outcomes could not be confirmed.

There is no dispute that combining exercise therapy with
adequate protein intake is an effective treatment for im-
proving muscle mass and muscle strength [43-48]. Howev-
er, no concrete and clear criteria or consensus has yet been
reached. Importantly, different levels of protein restriction
should be applied according to individual patient charac-
teristics and risk factors [49]. If the risk of end-stage renal
disease progression is high, protein restriction should be
aggressive, and conversely, if the risk of sarcopenia is high,
protein restriction should be relaxed [50-52]. Therefore,
screening patients with NDD-CKD to find those with a high
risk of sarcopenia and then managing their risk factors,
diet, and exercise together is essential to improving their
clinical prognoses. The cystatin C/Cr ratio has an accept-
able diagnostic value and measurement significance for
sarcopenia, low LTI, and low HGS. Therefore, it can be used
to screen and manage sarcopenia and thereby improve the
treatment of patients with CKD.
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