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BACKGROUND: Low muscle mass has been associated with poor prognosis in certain chronic diseases, but its clinical signifi-
cance in patients with coronary artery disease is unclear. We assessed the clinical significance of 2 easily measured surrogate
markers of low muscle mass: the ratio of serum creatinine to serum cystatin C (Scr/Scys), and the ratio of estimated glomerular
filtration rate by Scys to Scr (eGFRcys/eGFRcr).

METHODS AND RESULTS: Patients with coronary artery disease undergoing percutaneous coronary intervention were prospec-
tively enrolled from a single tertiary center, and Scr and Scys levels were simultaneously measured at admission. Best cut-off
values for Scr/Scys and eGFRcys/eGFRcr to discriminate 3-year mortality were determined; 1.0 for men and 0.8 for women
in Scr/Scys, and 1.1 for men and 1.0 for women in eGFRcys/eGFRcr. The prognostic values on 3-year mortality and the addi-
tive values of 2 markers on the predictive model were compared. In 1928 patients enrolled (mean age 65.2+9.9 years, 70.8%
men), the risk of 3-year mortality increased proportionally according to the decrease of the surrogate markers. Both Scr/Scys-
and eGFRcys/eGFRcr-based low muscle mass groups showed significantly higher risk of death, after adjusting for possible
confounders. They also increased predictive power of the mortality prediction model. Low Scr/Scys values were associated
with high mortality rate in patients who were >65 years, nonobese, male, had renal dysfunction at baseline, and presented
with acute myocardial infarction.

CONCLUSIONS: Serum surrogate markers of muscle mass, Scr/Scys, and eGFRcys/eGFRcr may have clinical significance for
detecting patients with coronary artery disease at high risk for long-term mortality.
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mass and strength, is associated with metabolic
disease and increases the risk of cardiovascular
morbidity and mortality.! The presence of low mus-
cle mass (Low-MM) is the core component of the
algorithm to diagnose sarcopenia.”? Low-MM itself
has also been identified as an independent predictor

Sarcopenia, an age-related decline in muscle

of major cardiovascular events including acute myo-
cardial infarction (Ml) and mortality.® Therefore, body
muscle mass provides important information for the
risk stratification and management strategy of pa-
tients with coronary artery disease (CAD). Currently,
computed tomography (CT), magnetic resonance
imaging, dual energy X-ray absorptiometry, and
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CLINICAL PERSPECTIVE

What Is New?

e Low muscle mass detected by the ratio of
serum creatinine to cystatin C, or the ratio of
estimated glomerular filtration rate by cystatin
C to creatinine, was a significant predictor of
3-year mortality in patients with coronary artery
disease.

e When added to classical risk factors, low mus-
cle mass significantly increased the predictive
and discriminative power of the multivariate
model for the risk of 3-year mortality.

e The low muscle mass group was associated
with a higher risk of mortality, especially in pa-
tients who were >65 years, nonobese, male,
had renal dysfunction at baseline, and pre-
sented with acute myocardial infarction.

What Are the Clinical Implications?

e As an easily measurable and noninvasive bio-
marker of body muscle mass and mortality of
patients with significant coronary artery dis-
ease, ratio of serum creatinine to cystatin C and
ratio of estimated glomerular filtration rate by
cystatin C to creatinine may provide important
information for predicting the prognosis and es-
tablishing a secondary prevention plan for pa-
tients with coronary artery disease.

e The effects of interventions for the increase of
muscle mass, such as exercise training and nu-
tritional support, should be identified in future
studies.

Nonstandard Abbreviations and Acronyms

BCV best cut-off values

eGFR estimated glomerular filtration rate
Low-MM |ow muscle mass

Scr serum creatinine

Scys serum cystatin C

bioelectrical impedance analysis are used to quan-
titatively measure the amount of muscle mass.*
However, these methods require specific devices
and have limitations such as exposure to radiation
and lack of cost-effectiveness.®

Recently, the ratio of 2 components, serum creati-
nine (Scr) and cystatin C (Scys), indices of renal func-
tion, has been proposed as a surrogate marker for
muscle mass.® Creatinine is an endogenous product
released from muscles, and its blood concentration
is dependent on muscle mass.® Cystatin C is a small
nonionic protein that is secreted by all nucleated cells;
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therefore, its production and tubular secretion are uni-
form and not affected by muscle mass.” The ratio of Scr
over Scys (Scr/Scys) has been reported to be a simple
surrogate marker of muscle mass® as well as a pre-
dictor of adverse outcomes in various populations.8?°
Furthermore, according to the hypothesis regarding
lesser effect by age and sex than Scr/Scys, the ratio
of estimated glomerular filtration rate (€GFR) by Scys to
Scr (eGFRcys/eGFRcr) has been recently reported to
be a novel biomarker of Low-MM that predicts mortality
in patients with hepatocellular carcinoma.'® However,
the prognostic implication of Low-MM surrogate mark-
ers in patients with CAD has not been reported to date.
In this study, we investigated the clinical significance of
these 2 serum biomarkers of Low-MM, Scr/Scys, and
eGFRcys/eGFRcr, as predictors of long-term mortality
in patients with CAD who underwent percutaneous
coronary intervention (PCI).

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Study Design and Participants

The study population was enrolled from a single-
center, all-comers registry that recruited patients
with CAD who underwent PCI with second-genera-
tion drug-eluting stents at Seoul National University
Hospital, a tertiary referral center in South Korea.
From 2007 to 2014, 3365 consecutive patients with
significant CAD who underwent PCI with second-
generation drug-eluting stents were prospectively
enrolled without any exclusion criteria. Of these pa-
tients, a total of 1928 agreed to undergo additional
blood tests including Scys and underwent follow-up
for 3 years. The rate of follow-up loss was 1.6% (3
patients) (Figure 1). All patients underwent PCI ac-
cording to current standard techniques. Unless
there was an undisputed reason for discontinuing
dual antiplatelet therapy, all patients were advised to
take aspirin indefinitely and clopidogrel for at least
6 months after the index procedure. The study pro-
tocol was approved by the Institutional Review Board
of Seoul National University Hospital (C-1404-052-
571) and conducted according to the principles of
the Declaration of Helsinki. Written informed consent
was obtained from all participants.

Data Collection, Follow-Up, and Study
End Point

We recorded demographic data, presence of under-
lying diseases, clinical presentation, treatment details,
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SNUH PCI Registry (2007 ~ 2014)

3,365 Patients with Significant CAD
PCI with 2nd Generation DES

l 1,437 were excluded : Disagreement, Scys not available

1,928 Patients with
Scr and Scys Measurement
Underwent 3-Year Follow-Up

l 3 were lost to follow-up (1.6%)

Clinical Significance of Surrogate Markers of Low Muscle Mass :
Scr/Scys and eGFRcys/eGFRcr
1. Association of Surrogate Markers with 3-Year Mortality
2. Best Cut-Off Values for Predicting 3-Year Mortality
3. Additional Discriminative Values on Predictive Models

Figure 1. Study flow.

The design of study and the establishment of study population
are described. CAD indicates coronary artery disease; DES,
drug-eluting stent; eGFR, estimated glomerular filtration rate;
PCI, percutaneous coronary intervention; Scr, serum creatinine;
Scys, serum cystatin C; and SNUH, Seoul National University
Hospital.

and laboratory test results before the PCI. Scr and
Scys levels were measured on admission before coro-
nary angiography, and blood tests were conducted
as routine practice by a laboratory center certified
by The Korean Association of Quality Assurance for
Clinical Laboratory. The eGFR value was calculated
based on each Scr and Scys level using the Chronic
Kidney Disease Epidemiology Collaboration formulas.
The details about measurement and calibration of Scr
and Scys, and calculation of the Scr- and Scys-based
eGFR are described in Data S1. After the index PCl,
follow-up examinations were performed at 1, 3, 9, and
12 months and annually thereafter for up to 3 years.
Dedicated research personnel collected clinical out-
come at each outpatient visit of each patient; other
data were collected through telephone interviews. All
clinical data were collected using a centralized Web-
based database. All relevant clinical events were re-
viewed by a separate adjudicating committee.

The primary outcome was all-cause mortality
up to 3 years after PCl. Using the unique individ-
ual identification numbers of the Korean nationwide
healthcare system, the vital status of all participants
was cross-checked. The median follow-up duration
of the study population was 1195.0 days (Q1-QSG,
1168.0-1209.0 days).

Statistical Analysis

Data are presented as numbers and frequencies for
categorical variables, and as mean+SD for continu-
ous variables. For comparisons between groups,
the x? test or Fisher’s exact test was used for cat-
egorical variables, and an unpaired Student t test
was used for continuous variables, as appropriate.
The relationships between Scr/Scys or eGFRcys/
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eGFRcr and 3-year mortality were plotted using the
estimated hazard values from Cox proportional haz-
ards model. The best cut-off values (BCV) of sur-
rogate markers were determined by Mann-Whitney
U statistics to estimate the maximal area under the
time-dependent receiver operating characteristic
curve. Using the BCVs for Scr/Scys and eGFRcys/
eGFRcr, we separated the study population into
Low-MM and Normal-MM groups. The chronological
trend of outcomes was expressed as Kaplan-Meier
estimates, and these were compared by Scr/Scys-
and eGFRcys/eGFRcr-based Low-MM groups. The
log-rank test was used to compare differences in
clinical outcomes between the groups. A multivariate
Cox proportional hazards model was used to adjust
for baseline differences and to identify statistically
significant predictors of 3-year all-cause death. The
assumption of proportionality was examined using
log-minus-log plot for each surrogate marker. The
covariates included in the multivariate analysis were
selected if they were associated with mortality with a
P value <0.1 in univariate analysis, or if they were as-
sumed to have predictive value, which are as follows:
age, sex, body mass index (BMI), left ventricular ejec-
tion fraction, presentation with acute MI, presence
of left main CAD, and baseline renal dysfunction
(eGFR<60 mL/min per 1.73 m?) by Scr-based Chronic
Kidney Disease Epidemiology Collaboration equa-
tion. The unadjusted and adjusted hazard ratios with
95% CI are presented as summary measures. We
calculated the Harrell’'s C-index, category-free net
reclassification improvement, risk category-based
net reclassification improvement, and integrated dis-
crimination improvement to evaluate and compare
the predictive value of predictive models before and
after adding Low-MM. Subgroup analysis according
to various demographic features and clinical risk fac-
tors was performed. Two-sided P values <0.05 were
considered statistically significant. Statistical tests
were performed using IBM SPSS Statistics, version
25 (IBM Corp., Armonk, NY) and STATA software,
version 16 (StataCorp., College Station, TX).

RESULTS

Baseline Characteristics of Study
Population

Of 3365 eligible patients, a total of 1928 patients with
significant CAD who underwent PCI were analyzed.
The comparison of baseline characteristics between
study participants versus nonparticipants are pre-
sented in Table S1. Mean age was 65.2+9.9 years,
and 70.8% were men. The proportion of patients
with diabetes mellitus and hypertension was 40.1%
and 68.5%, respectively, and 8.3% of patients
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underwent PCI for acute MI. All patients received PCI
with second-generation drug-eluting stents and the
procedural success rate was 99.7%. Patients with
baseline renal dysfunction determined by Scr- and
Scys-based Chronic Kidney Disease Epidemiology
Collaboration equations were 18.0% and 13.4%, re-
spectively (Table 1).

The 3-year follow-up showed 102 (5.3%) deaths,
which was associated with risk factors such as ad-
vanced age, diabetes mellitus, history of stroke, acute
MI presentation, 3-vessel disease, and in-stent reste-
nosis. The death group also showed significantly lower
body weight, BMI, and poor renal function than the
survival group (Table S2).

Prognostic Significance of Scr/Scys and
eGFRcys/eGFRcr

Figure S1 illustrates the association between Scr/Scys,
eGFRcys/eGFRcr, and the 3-year mortality rate. As the
surrogate markers of muscle mass decreased, mortality
risk increased proportionally. We calculated the BCVs of
the surrogate markers stratified by sex, considering the
different distribution of surrogate markers between men
and women (Figure S2). The BCVs for discriminating
3-year mortality by the time-dependent receiver operat-
ing characteristic method was 1.0 for men and 0.8 for
women in Scr/Scys, and 1.1 for men and 1.0 for women
in eGFRcys/eGFRer (Figure S3 and S4).

We compared the baseline characteristics
and 3-year mortality between the Low-MM and
Normal-MM group divided by each BCV. Patients in
the Low-MM group were older, nonobese, and had
a higher proportion of risk factors including diabetes
mellitus, intervention for in-stent restenosis, and lower
left ventricular ejection fraction (Table 1 and Table S3).
The rate of 3-year mortality was significantly higher
in both the Scr/Scys- and eGFRcys/eGFRcr-based
Low-MM groups than in the Normal-MM groups
(Figure 2A and 2B). The assumption of proportionality
was satisfied for both markers (Figure S5). This differ-
ence remained significant even in multivariate analysis
adjusting for possible confounding factors (Table 2).

Additive Predictive and Discriminative
Value of Surrogate Markers of Muscle
Mass

We developed a multivariate Cox proportional haz-
ards model from this study cohort that estimates
3-year mortality of patients with significant CAD. The
reference model included age, sex, BMI, left ven-
tricular ejection fraction, acute MI, presence of left
main CAD, and baseline renal dysfunction. We ana-
lyzed additional predictive and discriminative power
of this model according to the presence of Low-MM.
The Harrell’s C-index increased to 0.803 (95% Cl,
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0.757-0.848) and 0.804 (95% ClI, 0.758-0.851) when
Scr/Scys- and eGFRcys/eGFRcr-based Low-MM
was added to the model, respectively (Table 3).
Based on the category-free net reclassification im-
provement and integrated discrimination improve-
ment, both surrogate markers significantly increased
the discriminative power. After stratifying the study
population into 6 risk categories (<5%, 5% to <10%,
10% to <15%, 15% to <20%, 20% to <25%, and
>25% of predicted 3-year mortality risk), the addition
of Scr/Scys- and eGFRcys/eGFRcr-based Low-MM
on the reference model significantly improved the
reclassification performance of the model with esti-
mated category-based net reclassification improve-
ment of 21.3% (95% ClI, 1.7-35.4) and 33.9% (95%
Cl, 12.5-50.1), respectively. (Table 4).

Subgroup Analysis

Exploratory subgroup analysis was performed ac-
cording to the demographic features and risk factors
(Figure 3). The increased risk of 3-year mortality in
the Scr/Scys-based Low-MM group was consistent
across all subgroups without any significant interac-
tion. The cumulative incidence rate of 3-year mortality
was particularly high when Low-MM was associated
with old age, nonobesity, male, baseline renal dysfunc-
tion, or acute MI presentation.

DISCUSSION

Importance of Detecting Low-MM in
Patients With CAD

Sarcopenia is defined as decreased mass and func-
tion of the skeletal muscle. It is an important factor
that increases the risk of cardiovascular morbidity and
mortality.! The presence of Low-MM constitutes the
most critical step in the diagnostic algorithm of sar-
copenia® and is a strong predictor of major adverse
cardiovascular events and mortality in patients with
CAD." Recently, Low-MM has been reported to be a
cardiovascular risk factor that operates independently
of BMI and other traditional risk factors.'? Further, hav-
ing Low-MM in the same BMI level suggests a rela-
tively large proportion of adipose tissue.'® Therefore,
Low-MM not only implies a deficiency of nutrition and
cardiorespiratory fitness, but may reflect an increased
metabolic risk, such that it can independently contrib-
ute to the occurrence of future cardiovascular adverse
events in patients with CAD.

Notably, having low gluteal muscle mass estimated
through anthropometric measures was reported to be
closely linked to risk of acute MI.2 A recent single-center
all-comer cohort study also reported that low skeletal
muscle mass by CT was a strong predictor of mortality
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Table 1. Baseline Characteristics of Study Population According to Muscle Mass Estimated by Ratio of Serum Creatinine
to Cystatin C

Total Population Low-MM (n = 428, Normal-MM
(n =1928) 22.2%) (n = 1500, 77.8%) P Value
Demographics and risk factors
Men 1365 (70.8%) 282 (65.9%) 1083 (72.2%) 0.011
Age (y) 65.2+9.9 68.2+£9.6 64.4+9.9 <0.001
Age =65 1086 (56.3%) 287 (67.1%) 799 (53.3%) <0.001
Hypertension 1321 (68.5%) 301 (70.3%) 1020 (68.0%) 0.361
Diabetes mellitus 774 (40.1%) 195 (45.6%) 579 (38.6%) 0.010
History of MI 168 (8.7%) 47 (11.0%) 121 (8.1%) 0.059
Previous revascularization 395 (20.5%) 88 (20.6%) 307 (20.5%) 0.966
History of cerebrovascular accident 189 (9.8%) 46 (10.7%) 143 (9.5%) 0.456
Dyslipidemia or statin user 1431 (74.2%) 305 (71.3%) 1126 (75.1%) 0.112
Current smoker 419 (21.7%) 107 (25.0%) 312 (20.8%) 0.063
Presented as acute Ml 160 (8.3%) 36 (8.4%) 124 (8.3%) 0.924
Left ventricular ejection fraction (%) 59.3+9.3 58.3+11.1 59.7+8.7 0.029
Angiographic and procedural characteristics
Extent of coronary artery disease 0.479
1-VD 600 (31.1%) 123 (28.7%) 477 (31.8%)
2-VD 671 (34.8%) 155 (36.2%) 516 (34.4%)
3-VD 657 (34.1%) 150 (35.0%) 507 (33.8%)
LM disease 201 (10.4%) 38 (8.9%) 163 (10.9%) 0.235
Multiple target lesions 561 (29.1%) 140 (32.7%) 421 (28.7%) 0.062
Intervention for type B2/C lesion 1647 (85.4%) 357 (83.4%) 1290 (86.0%) 0.181
Intervention for in-stent restenosis 105 (5.4%) 34 (7.9%) 71 (4.7%) 0.010
Intervention for bifurcation lesion 1180 (61.2%) 273 (63.8%) 907 (60.5%) 0.214
Side branch treatment 261 (13.5%) 57 (13.3%) 204 (13.6%) 0.880
Procedural success 1922 (99.7%) 425 (99.3%) 1497 (99.8%) 0.101
Medications at discharge
Aspirin 1916 (99.4%) 422 (98.6%) 1494 (99.6%) 0.020
Clopidogrel 1906 (98.9%) 423 (98.8%) 1483 (98.9%) 0.952
DAPT 1899 (98.5%) 420 (98.1%) 1479 (98.6%) 0.482
B-blockers 1019 (52.9%) 224 (52.3%) 795 (53.0%) 0.808
ACE inhibitors 246 (12.8%) 63 (14.7%) 183 (12.2%) 0.168
ARBs 743 (38.5%) 152 (35.5%) 591 (39.4%) 0.145
Statins 1716 (89.0%) 364 (85.0%) 1352 (90.1%) 0.003
CCBs 669 (34.7%) 142 (33.2%) 527 (35.1%) 0.453
Body habitus, Scr, Scys, and eGFR
Body weight, kg 66.0+10.3 63.8+9.7 66.7+10.4 <0.001
BMI, kg/m? 24.9+2.9 24.6+3.1 25.0+2.9 0.010
Scr, mg/dL 111111 0.88+0.64 1.18+1.20 <0.001
Scys, mg/dL 1.00+0.81 1.10+0.81 0.98+0.81 0.004
eGFR, mL/min per 1.73 m?
by Scr-based CKD-EPI equation 78.7+23.0 86.7+21.1 76.4+23.0 <0.001
by Scys-based CKD-EPI equation 89.8+26.7 79.3+25.3 92.8+26.3 <0.001
Baseline renal dysfunction
eGFR <60 by Scr-based CKD-EPI 347 (18.0%) 42 (9.8%) 305 (20.3%) <0.001
equation
eGFR <60 by Scys-based CKD-EPI 259 (13.4%) 87 (20.3%) 172 (11.5%) <0.001
equation

(Continued)
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Table 1. Continued

Low Muscle Mass Predicts Mortality of Patients With CAD

Total Population Low-MM (n = 428, Normal-MM
(n =1928) 22.2%) (n =1500, 77.8%) P Value
Scr/Scys 1.10+0.26 0.81+£0.14 1.19+0.22 <0.001
eGFRcys/eGFRcr 1.16+0.23 0.90+0.15 1.23+0.19 <0.001

Values are described as numbers (%) or mean+SD.

ACE indicates angiotensin-converting enzyme; ARB, angiotensin Il receptor blocker; BMI, body mass index; CCBs, calcium channel blockers; CKD, chronic
kidney disease; EPI, Epidemiology Collaboration; DAPT, dual antiplatelet therapy; eGFR, estimated glomerular filtration rate; LM, left main; Low-MM, low muscle
mass; MI, myocardial infarction; Scr, serum creatinine; Scys, serum cystatin C; and VD, vessel disease.

and major adverse cardiovascular events in 475 pa-
tients who underwent PCL™ Similarly, a cohort study
of >9000 elderly patients who underwent PCl showed
poor angiographic features and high long-term cardio-
vascular mortality in the Low-MM group, which was
defined by normal BMI and low Scr.'* Therefore, the
identification of Low-MM in patients with significant
CAD requiring PCI has become important in terms of
risk stratification and in planning primary or secondary
prevention.

There are several methods to quantitatively assess
the body muscle mass. One of the traditional and
most feasible methods in the clinical setting is to mea-
sure 24-hour urinary creatinine excretion.’® However,
the major limitation is the time required for testing and
the dependence on patient compliance, which makes
this method inconvenient. Currently, direct measure-
ment of skeletal muscle area through CT or magnetic
resonance imaging have been established as a stan-
dard method for Low-MM detection, while other tests
that estimate muscle mass through body composition
analysis such as dual energy X-ray absorptiometry
or bioelectrical impedance analysis have also been

used.?* However, these tests are expensive, raising
the issue of cost-effectiveness, come with radiation
hazards, and have limited accessibility prohibiting its
widespread use in daily clinical practice and limiting
its use for only research purposes.® Serum biomark-
ers have been recently introduced to easily estimate
body muscle mass using Scr and Scys, which are
indicators of renal function,®® yet the clinical implica-
tions of these markers in patient populations with CAD
have not been established. Therefore, the evaluation
of convenient, easy-to-measure surrogate markers of
muscle mass such as Scr/Scys and eGFRcys/eGFRcr
to study whether they have added value to predictive
models and can stratify the risk of patients with signif-
icant CAD who require PCI has profound implications
to the clinician.

Clinical Significance of Scr/Scys and
eGFRcys/eGFRcr as Biomarkers
Detecting Low-MM

Creatinine is a derivative of creatine phosphate, a
skeletal muscle protein, which is significantly affected

A Low-MM Group By Scr/Scys B Low-MM Group By eGFRcys/eGFRcr
15%; 15%!
Low-MM group o Low-MM group
- 11.9% =
5 Normal-MM group E Normal-MM group 11 -’1 %
3 10% 2 10%1 A
- 2
5 5
g ¥ 3.4% g 5% 2.6%
S S
3] o ;
0% Log-rank P <0.001 0% | F Log-rank P <0.001
0 1 2 3 0 1 2 3
No. at risk Time for follow-up (year) No. at risk Time for follow-up (year)
428 406 391 369 601 574 553 525
1500 1482 1461 1415 1327 1314 1299 1259

Figure 2. Association of low muscle mass with 3-year risk of all-cause death.

The association of surrogate markers of muscle mass with estimated 3-year mortality risk is presented. The comparison of 3-year
mortality between Low-MM and Normal-MM groups defined by the best cut-off values of (A) Scr/Scys and (B) eGFRcys/eGFRcr
is shown. eGFR indicates estimated glomerular filtration rate; Low-MM, low muscle mass; Scr, serum creatinine; and Scys, serum

cystatin C.

J Am Heart Assoc. 2021;10:e018554. DOI: 10.1161/JAHA.120.018554



120z ‘, Arenige4 uo Aq Bio'sfeuinofeye//:dny wouy pspeojumoq

Kim et al

Low Muscle Mass Predicts Mortality of Patients With CAD

Table 2. Risk of 3-Year All-Cause Death According to Surrogate Markers of L-MM

Low-MM Normal-MM Unadjusted HR MV-Adjusted
Group Group (95% Cl) P Value HR (95% CI) P Value

By Scr/Scys

Per 0.1 decrease (Continuous variable) 1.22 (1.13-1.33) <0.001 1.25 (1.14-1.38) <0.001

Low-MM (Men <1.0, Women <0.8) 11.9% (51/428) 3.4% (51/1500) 3.67 (2.49-5.41) <0.001 2.84 (1.91-4.22) <0.001
By eGFRcys/eGFRcr

Per 0.1 decrease (Continuous variable) 1.38 (1.27-1.52) <0.001 1.26 (1.16-1.37) <0.001

Low-MM (Men <1.1, Women <1.0) 11.1% (67/601) 2.6% (35/1327) 4.41 (2.93-6.64) <0.001 3.78 (2.49-5.73) <0.001

The covariates included in the multivariate analysis were age, sex, body mass index, left ventricular ejection fraction, presentation with acute myocardial
infarction, presence of left main coronary artery disease, and chronic kidney disease >stage 3.
eGFR indicates estimated glomerular filtration rate; HR, hazard ratio; Low-MM, low muscle mass; MV, multivariate; Scr, serum creatinine; and Scys, serum

cystatin C.

by dietary protein intake and muscle mass as well
as age or sex.® Cystatin C, on the other hand, is a
nonionic protein that is less affected by these fac-
tors than creatinine because it is constantly gener-
ated from all nucleated cells and is freely permeable
and reabsorbable without secretion.'® As the clinical
importance of Low-MM detection has emerged, the
Scr/Scys ratio has been proposed as a quantitative
surrogate marker that can measure muscle mass in-
dependently of renal function.!” In addition, it is also
reported that the Low-MM group defined by Scr
and Scys is associated with adverse characteristics
and poor outcomes in patients with various disease
conditions.8-1°

In a cohort study of patients in an intensive care
unit setting, Scr/Scys was identified as a useful marker
showing a strong correlation with the paraspinal mus-
cle mass evaluated by CT.° In the same study, Scr/
Scys was an independent predictor of mortality that
improved the discriminative ability of the clinical model.
However, Scr/Scys has been shown to be high in men
and to decrease progressively with increasing age.'®
In an external validation study in community-dwelling
elderly individuals, the diagnostic performance of Scr/
Scys for detecting Low-MM was as low as area under
the curve 0.505 to 0.558, when the bioelectrical im-
pedance analysis method was used as a reference
standard.' In this regard, the eGFR ratio of cystatin C
to creatinine (eGFRcys/eGFRcr) has been proposed
as an alternative to Scr/Scys based on the hypothesis
that it may be less affected by age and sex than Scr/

Scys. In a small cohort study of patients with hepato-
cellular carcinoma, eGFRcys/eGFRcr was found to be
a stronger independent predictor of survival than Scr/
Scys.'©

The results of this study are consistent with previous
observations on the surrogate markers of Low-MM. We
found that both Scr/Scys and eGFRcys/eGFRcr were
significant predictors of the risk of 3-year mortality in
1928 patients with CAD who underwent PCI. Based
on the BCV showing maximal discriminative power, the
Scr/Scys-based Low-MM group had a mortality risk
that was 2.84 times higher than that of the Normal-MM
group and 3.78 times higher for the eGFRcys/eGFR-
cr-based Low-MM group, after adjusting for possible
confounding factors. These serum biomarkers in-
creased the predictive and discriminative power of the
multivariate model derived from this cohort.

The different characteristics between creatinine
and cystatin C may explain these results. Creatinine
is predominantly affected by muscle mass and age,
whereas cystatin C is associated with body fat mass
and waist circumference.?® Thus, low Scr/Scys and
eGFRcys/eGFRcer values, though primarily determined
by the reduction in muscle mass, may also reflect an
increase of body fat mass. This may be the reason why
these indicators have shown such strong correlation
with outcome in patients with CAD.

Our results showed that the prognostic values of the 2
biomarkers were comparable, which was consistent after
adjusting for confounding factors including age and sex.
However, unlike Scr/Scys, there is little evidence on how

Table 3. Additive Discriminative and Predictive Value of Low-MM Group on Mortality Prediction Model

Harrell’s C-Index Category-Free NRI P Value IDI P Value
Reference model 0.776 (0.728-0.825) Reference Reference
+ Scr/Scys-based Low-MM group 0.803 (0.757-0.848) 0.266 (0.132-0.364) <0.001 0.035 (0.011-0.072) <0.001
+ eGFRcys/eGFRcr-based Low-MM group 0.804 (0.758-0.851) 0.342 (0.230-0.443) <0.001 0.042 (0.017-0.078) <0.001

eGFR indicates estimated glomerular filtration rate; IDI, integrated discrimination improvement; Low-MM, low muscle mass; NRI, net reclassification

improvement; Scr, serum creatinine; and Scys, serum cystatin C.

J Am Heart Assoc. 2021;10:e018554. DOI: 10.1161/JAHA.120.018554
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Table 4. Reclassification of Predicted 3-Year Mortality Risk by the Addition of Low-MM Group on Reference Model

3-y mortality (+) 21.3%
(1.7-35.4)
<5% 19 12 0 2 0 0 41.2% 23.5% 17.6%
5% to <10% 8 5 1 3 0 1
10% to <15% 1 6 3 3 1 3
15% to <20% 0 3 5 0 1 2
20% to <25% 0 0 0 0 0 3
>25% 0 0 0 1 9
3-y mortality (-)
<5% 1102 148 9 1 0 0 14.5% 18.2% 3.7%
5% to <10% 200 97 50 20 7 0
10% to <15% 1 81 9 5 9 8
15% to <20% 0 12 18 3 1 2
20% to <25% 0 0 5 4 2 5
>25% 0 0 0 4 7 16

3-y mortality (+) 33.9%
(12.5-50.1)
<5% 18 13 2 0 0 0 52.9% 19.6% 33.3%
5% to <10% 9 2 14 1 2 0
10% to <15% 0 4 0 3 6 4
15% to <20% 0 5 0 0 1 5
20% to <25% 0 0 0 0 0 3
>25% 0 0 0 1 1 8
3-y mortality (-)
<5% 1070 183 7 0 0 0 18.7% 19.3% 0.6%
5% to <10% 229 47 72 24 2 0
10% to <15% 12 58 2 15 22 4
15% to <20% 0 21 7 0 3 5
20% to <25% 0 5 6 1 0 4
>25% 0 0 2 8 3 14

eGFR indicates estimated glomerular filtration rate; Low-MM, low muscle mass; and NRI, net reclassification improvement.

accurately eGFRcys/eGFRcr can reflect body muscle
mass. Further studies are required to correlate eGFRcys/
eGFRcr with muscle mass and the prognosis in patients
with CAD.

Application of Low-MM Biomarkers to the
Management of Patients With CAD After
PCI

As a noninvasive and cost-effective biomarker of

body muscle mass and a useful prognosticator for
patients with CAD, Scr/Scys may be useful in various

J Am Heart Assoc. 2021;10:e018554. DOI: 10.1161/JAHA.120.018554

aspects of future clinical practice. Physicians will
be able to obtain important information for predict-
ing the prognosis and establishing a primary or
secondary prevention plan for patients with CAD if
they evaluate Scr and Scys at admission and deter-
mine whether a patient fits in the Low-MM group by
Scr/Scys values. Furthermore, unlike device-based
methods such as CT, magnetic resonance imaging,
or dual energy X-ray absorptiometry, measuring for
these serum biomarkers can be performed easily in
the daily practice setting.?’ We also demonstrated
through exploratory subgroup analysis that Scr/Scys

(e}
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Subgroups Nm:‘:a'g')” '&32’42“8";' Adjusted HR for All-Cause Death (95% CI) toraction
Age 265 4.5% (36/799)  15.7% (45/287) —e— 4.14 (2.50-6.84)  0.389
Age <65 2.1% (15/701)  4.3% (6/141) ® 3.04 (1.00-9.22)

BMI <25 4.3% (34/784)  15.1% (38/251) —— 3.31(1.97-5.55) 0.753
BMI 225 2.4% (17/716)  7.3% (13/177) —e——>  4.14(1.70-10.1)
Male 3.6% (39/1083)  13.5% (38/282) —e— 3.38(2.01-5.70)  0.563
Female 2.9% (12/417)  8.9% (13/146) —e———  4.23(1.64-10.9)
DM (+) 5.2% (30/579)  12.3% (24/195) —— 2.91(1.58-5.36)  0.929
DM (-) 2.3% (21/921)  11.6% (27/233) — 3.62 (1.84-7.14)
Renal dysfunction (+) 8.2% (25/305) 33.3% (14/42) e 3.31 (1.56-7.00)  0.264
Renal dysfunction (-) 2.2% (26/1195)  9.6% (37/386) P —e— 3.10 (1.73-5.56)
AMI presentation (+) 7.3% (9/124) 25.0% (9/36) . > 3.38 (1.06-10.8)  0.547
AMI presentation (-) 3.1% (42/1376)  10.7% (42/392) — 3.50 (2.13-5.75)
Current smoker 3.8% (12/312)  11.2% (12/107) -.—o— 2.29(0.89-587) 0.840
Ex-/non-smoker 3.3% (39/1188)  12.1% (39/321) : — 3.64 (2.20-6.00)
0.2 1 10

Figure 3. Subgroup analysis.

The adjusted risk of 3-year mortality by Scr/Scys-based Low-MM group was calculated according to various exploratory subgroups.
AMI indicates acute myocardial infarction; BMI, body mass index; DM, diabetes mellitus; HR, hazard ratio; and Low-MM, low muscle

mass.

is a reliable marker that can be used regardless of
demographic factors including age, sex, and the pa-
tient’s status for obesity. Furthermore, the Scr/Scys-
based Low-MM group exhibited an additive effect on
traditional risk factors (eg, old age, male, renal dys-
function, or presentation with acute Ml). Therefore,
careful screening for the presence of Low-MM may
be helpful in these subgroups.

The current guidelines recommend that all pa-
tients with CAD be referred to cardiac rehabilitation.??
However, in real-world practice, the adherence to
such recommendations largely varies according to
the national policies or medical payment systems.?® In
this regard, the application of serum Low-MM indices
to routine practice may help physicians identify select
populations that may benefit the most from cardiac
rehabilitation. This may also contribute to the effec-
tive allocation of medical resources. Furthermore, fu-
ture studies need to investigate whether interventions
to increase muscle mass in the Low-MM group will
result in a prognostic benefit. In addition to exercise
training and rehabilitation programs, which have been
shown to be the most effective intervention to improve
sarcopenia-related adverse outcomes, a thorough
evaluation of nutritional status and supplementation
of protein and vitamin D may be important.?

J Am Heart Assoc. 2021;10:e018554. DOI: 10.1161/JAHA.120.018554

Study Limitations

Several limitations should be discussed. First, the
study population was from a single-center registry,
and the analysis was retrospective. Second, although
the results were consistent after statistical adjustment,
the possibility of unmeasured confounding factors,
such as a measure of fitness, frailty, waist circumfer-
ence, fat mass, and the blood cholesterol level, cannot
be excluded. Since we used the Scr and Scys values
measured at a single timepoint, the unmeasured bias
may exist because of the temporal variability of test
results and the effect of simultaneous acute kidney in-
jury. Also, there is a possibility of selection bias, since
patients who did not agree to have Scr and Scys levels
measured at admission were excluded. In particular,
the fact that the percentage of patients who presented
as acute Ml was low in the present analysis and was
much higher in the nonparticipants suggests selection
bias and is a limitation of the present study. Thus, it is
difficult to apply the results of this study to the entire
acute MI population. This will require further validations
in future studies. Third, we did not validate Scr/Scys
and eGFRcys/eGFRcr through direct comparison with
muscle mass measured by CT, magnetic resonance
imaging, dual energy X-ray absorptiometry, or bioelec-
trical impedance analysis. However, we aimed to focus
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more on the prognostic value of these markers and
to derive results that could be helpful in actual clinical
practice. Finally, the generalizability of the study results
may be limited until an appropriate validation cohort
can be found. The results of this study also need to
be validated in medically managed patients with CAD.
Further studies are warranted to determine whether
this result can be extrapolated to larger, ambulatory
populations or ethnically diverse populations.

CONCLUSIONS

The Low-MM group detected by Scr/Scys and eG-
FRcys/eGFRcr was a statistically significant predictor
for 3-year mortality in patients with significant CAD.
Both Scr/Scys and eGFRcys/eGFRcr were a surrogate
marker that can add significant predictive power on
the previous model and may be useful for discrimina-
tion of and prevention planning for high-risk patients
with CAD.
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Data S1.

Supplemental Methods

Measurement of renal filtration markers and their calibration

This study was conducted only for patients enrolled in a single institution, so the measurement
of serum creatinine (Scr) and cystatin C (Scys) was exclusively performed in the Department
of Laboratory Medicine of Seoul National University Hospital (SNUH). This laboratory has
obtained accreditation from many domestic and international certification bodies such as the
College of American Pathologists for quality control. However, inevitable changes occurred in
the measurement of renal filtration markers, since patients were enrolled over a long time with
a total enrollment period of 11 years. During the study period, we updated the automated test
equipment, and following international trends, implemented standardization of the Scr
measurement in the latter part of the study. Therefore, the impact of the fundamental changes
in test methods should be considered.

As with most laboratories, Scr was measured with the kinetic Jaffe method, which is a
colorimetric analysis using an alkaline picric reaction. Isotope dilution mass spectrometry
(IDMS) traceable calibration was introduced at SNUH from April 2009 for standardized Scr
measurement. Prior to that time, the crude values obtained from the Jaffe reaction were reported
as they were without additional calibration. Patients enrolled before April 2009 were 217
patients, or 11.2% of all the study population, who underwent Scr measurement using the
Hitachi 7600 automated analyzer (Hitachi high-technologies Co., Tokyo, Japan), Roche
calibrator, and CREA reagent (Roche Diagnostics GmbH, Mannheim, Germany). The Scr
value of these patients could not be directly applied to the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation, which is the eGFR formula developed

based on the standardized Scr.>® As an alternative, we used a correction method that was
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previously introduced in a reference study. Nephrologists of SNUH have published the results
of calibrating the coefficients of the MDRD equation using IDMS calibration to specific values
for Koreans.?® This study was conducted at a similar time as when we enrolled patients with
non-standardized Scr values in the stent registry. They used data from 151 Korean patients
collected from April 2008 to February 2009. They sent forty randomly selected frozen samples
to the Cleveland Clinic Reference Laboratory, who performed IDMS calibration studies of
MDRD equation, to harmonize the Scr measurements of the two institutions. The formula for
correcting the Scr measurements at that time to the IDMS calibrated value was: calibrated Scr
(mg/dL) = 1.0734 x measured Scr - 0.2418. The Scr measurements for the period from April
2009 to December 2010, when 512 patients (26.6%) were enrolled, refined this correction
formula a little more. According to the recommendations of the reagent manufacturer and the
institution's own standards, the measured Scr values were multiplied by 1.07 and then
subtracted by 0.2mg/dL to obtain the Scr values with IDMS calibration.?’

The compensated Jaffe method was applied from January 2011 to ensure accuracy
comparable to that measured by the IDMS method, the gold standard of Scr measurement.
Since January 2011, the systematic error of the Jaffe assay due to non-creatinine chromogens
was overcome by subtracting 0.3mg/dL from the Scr values obtained using the Roche updated
reagent system and TBA-200FR automated analyzer (Canon Medical Systems Corporation,
Tochigi, Japan) to implement the rate-blanked compensated kinetic alkaline picrate Jaffe
method.?” 2 About two-thirds (1199 patients) of the study population were enrolled after
changing the automated test equipment. Based on the assumption that there are negligible
systematic deviations between the Scr measurements before and after the change, we applied
the Scr values from April 2009 to the CKD-EPI eGFR equation without further calibration. On
the other hand, the measurements before April 2009 were corrected according to the calibration

method of the reference paper,?® and the eGFR of the registered patients was calculated using
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these converted values.

2009.4. 2010.12.
Creatinine Non-IDMS (Jaffe reaction)
217 patients (11.2%) with Hitachi 7600 analyzer 512 (26.6%), Hitachi 1199 (62.2%) with TBA-200FR
2011.11.
Cystatin C PENIA
916 patients (47.5%) with Siemens BN-Il analyzer 1012 (52.5%) with Roche/Hitachi analyzer

For the Scys measurement, the SNUH laboratory used nephelometry (PENIA, particle-
enhanced nephelometric assay) from December 2004 to November 2011, but from then on it
replaced the assay with a turbidimetric test (PETIA, particle-enhanced immunoturbidimetric
assay). Both the PETIA and PENIA methods measure the Scys value using the aggregation
reaction, in which cystatin C and cystatin-specific antibody react with each other to form an
insoluble complex. PETIA quantifies the increase in the turbidity of the solution when cystatin
C reacts with the antibody (Roche Tina-quant Generation 1 assay tested with Roche/Hitachi
MODULAR P analyzer, Roche/Hitachi, Indianapolis, IN), but on the other hand, PENIA gauge
the degree of light scattering as the light transmitted through the mixed solution of the insoluble
cystatin C and anti-cystatin C antibody complex (N Latex assay on the Siemens BN-II analyzer,
Siemens Health Care Diagnostic, Marburg, Germany).* Since December 2011, patients who
measured the Scys using the Roche PETIA assay were 1012, 52.5% of the study population.

Just as IDMS traceable calibration introduces standardization into Scr measurement,
several attempts have been made to standardize different assays to increase the reliability of
Scys measurements.?? 3 In particular, since June 2010, the International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC) began to disseminate reference materials (ERM-
DA471/IFCC) for the standardization of Scys measurement,®! and many manufacturers and
institutions introduced standardized Scys assays into their daily practice. However, the two

Scys assays that had been used in SNUH were not standardized, so it is not appropriate to apply



T20z /. Arenige4 uo Aq Biosfeuinofeye//:dny wouy papeojumoq

the test results to the CKD-EPI equation, which requires standardized Scys values. The
unstandardized Scys values measured by the two assays are not interchangeable with each other.
Scys values measured by the PENIA assay generally tends to be slightly lower than Scys values
obtained by the PETIA method.?® 3> 3% Also, there was a so-called 'systemic drift' in PENIA
test kits manufactured from 2000 to 2010, and it was reported that recently produced kits tend
to measure the results slightly lower than actual values.*** Therefore, it is inappropriate to use
the Scys values obtained by the two methods of PETIA and PENIA to calculate the eGFR on
the same line without additional correction.

To solve this problem, we adopted a calibration method to standardized Scys values in
a reference study that examined the revised CKD-EPI equation.® In this study, data from
several sources not only differed from the assay kits or automated equipment used for Scys
measurement but also varied in their study period. The researchers pooled data from these
studies, data of PENIA and PETIA assays were converted to standardized Scys values using
different conversion formulas for each assay and specified study period. These data included
studies that used the same vendor assays as those used by the SNUH laboratory. We chose two
equations that were used to standardize measured Scys values at a time similar to when the
SNUH laboratory performed Scys assays for the registry data. To standardize the Scys values
obtained by the PENIA method, we selected the conversion equation for the ARIC
(Atherosclerosis Risk in Communities Study) which collected data in 2008 using the same
Siemens BN-II system as our study: IFCC Scys (mg/L) = 1.12 x (0.083 + (0.914 x measured
Scys)).>” We then selected the AusDiab (Australian Diabetes, Obesity, and Lifestyle Study),
which measured the Scys values in 2010 using the Roche immunoturbidimetric assay, to
transform the PETIA assay results: IFCC Scys (mg/L) = 1.12 x (-0.25 + (1.07 x measured
Scys)).*® Both the ARIC study and the AusDiab study had more female patients than our

prospective cohort (respectively 57.1% and 55.2% vs. 29.2%). Patients included in the
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AusDiab study had a similar renal function on average with our patients (standardized Scr-
based MDRD equation, 78.9 = 15.2 vs. 79.7 £+ 27.1mL/min/1.73m?). In contrast, patients in the
ARIC study had generally higher eGFR than our cohort, with an average eGFR of 84.0 +
17.0mL/min/1.73m? in the lowest quartile patients with relatively low renal function. But
instead, unlike other source studies that adopted the PENIA method, the ARIC study used the
same BN-II system as ours. Also, systemic drift had the least impact because the ARIC study
most recently measured Scys. Thus, in addition to the AusDiab study, we adopted the

conversion formula of the ARIC study as the standardization method for our research.

Calculation of the Scr- and Scys-based eGFR
Using the standardized Scr and Scys values as described above, we retrospectively evaluated
the renal function of the study subjects. The equations for calculating eGFR were as follows.

CKD-EPI creatinine equation (2009)?>:
a -1.209
eGFR = 141xmin (>, 1) xmax (>, 1)~ x0.993%¢° [x 1.018 (if female)]

Abbreviations and units are as follows; eGFR (estimated glomerular filtration rate,
mL/min/1.73m?), Scr (standardized serum creatinine, mg/dL), « = 0.7 (females) or 0.9
(males), o = -0.329 (females) or -0.411 (males), min = the minimum of Scr/k or 1, max = the
maximum of Scr/k or 1, and age in years.

CKD-EPI cystatin C equation (2012)*':

—0.499 —1.328
eGFR = 133 x min (ng, 1) X max (Scys, 1) x 0.99642¢ [x 0.932 (if female)]

Abbreviations and units are as follows; Scys (standardized serum cystatin C, mg/L), min =

the minimum of Scys/0.8 or 1, max = the maximum of Scys/0.8 or 1, and age in years.
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Table S1. Comparison of baseline characteristics between study participants and non-participants.

Total eligible
Participants Non-participants
population P value
(n=1928, 57.3%) (n=1437, 42.7%)
(n=3365)
Demographics and risk factors
Men 2383 (70.8%) 1365 (70.8%) 1018 (70.8%) >0.999
Age (year) 65.5+104 65.2+9.9 65.8+10.9 0.093
BMI (kg/mz) 245+3.1 249+3.0 24.1+3.3 <0.001
Hypertension 2217 (65.9%) 1321 (68.5%) 896 (62.4%) <0.001
Diabetes mellitus 1322 (39.3%) 774 (40.1%) 548 (38.1%) 0.252
History of myocardial infarction 267 (7.9%) 168 (8.7%) 99 (6.9%) 0.061
Previous revascularization 698 (20.7%) 395 (20.5%) 303 (21.1%) 0.704
History of cerebrovascular accident 326 (9.7%) 189 (9.8%) 137 (9.5%) 0.840
Dyslipidemia or statin user 2294 (68.2%) 1431 (74.2%) 863 (60.1%) <0.001
Current smoker 778 (23.1%) 419 (21.7%) 359 (25.0%) 0.030
Presented as acute MI 753 (22.4%) 160 (8.3%) 593 (41.3%) <0.001
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Left ventricular ejection fraction (%)
Angiographic and procedural characteristics
Extent of coronary artery disease
1-VD
2-VD
3-VD
LM disease
Multiple target lesions
Intervention for type B2/C lesion
Intervention for in-stent restenosis
Intervention for bifurcation lesion
Side branch treatment

Procedural success

574+10.4

1051 (31.2%)
1143 (34.0%)
1171 (34.8%)
356 (10.6%)
1041 (30.9%)
2884 (85.7%)
194 (5.8%)
2098 (62.3%)
464 (13.8%)

3348 (99.5%)

594+93

600 (31.1%)
671 (34.8%)
657 (34.1%)
201 (10.4%)
561 (29.1%)
1647 (85.4%)
105 (5.4%)
1180 (61.2%)
261 (13.5%)

1922 (99.7%)

548+11.3

451 (31.4%)
472 (32.8%)
514 (35.8%)
155 (10.8%)
480 (33.4%)
1237 (86.1%)
89 (6.2%)
918 (63.9%)
203 (14.1%)

1426 (99.2%)

<0.001

0.444

0.779

0.008

0.625

0.398

0.121

0.660

0.111

Values are described as numbers (%) or mean + standard deviation.

ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; BMI, body mass index; CCB, calcium channel blocker; LM, left main; MI, myocardial infarction; PCI,

percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction; VD, vessel disease.
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Table S2. Baseline characteristics of study population according to 3-year mortality.

Total population Mortality (+) Mortality (-)
P value
(n=1928) (n=102, 5.3%) (n=1826, 94.7%)
Demographics and risk factors
Men 1365 (70.8%) 77 (75.5%) 1288 (70.5%) 0.284
Age (year) 65.2+9.9 70.8+9.8 64.9+9.9 <0.001
Age >65 1086 (56.3%) 81 (79.4%) 1005 (55.0%) <0.001
Hypertension 1321 (68.5%) 77 (75.5%) 1244 (68.1%) 0.119
Diabetes mellitus 774 (40.1%) 54 (52.9%) 720 (39.4%) 0.007
History of myocardial infarction 168 (8.7%) 13 (12.7%) 155 (8.5%) 0.138
Previous revascularization 395 (20.5%) 22 (21.6%) 373 (20.4%) 0.781
History of cerebrovascular accident 189 (9.8%) 18 (17.6%) 171 (9.4%) 0.006
Dyslipidemia or statin user 1431 (74.2%) 64 (62.7%) 1367 (74.9%) 0.006
Current smoker 419 (21.7%) 24 (23.5%) 395 (21.6%) 0.651
Presented as acute MI 160 (8.3%) 18 (17.6%) 142 (7.8%) <0.001
Left ventricular ejection fraction (%) 593+93 53.9+14.1 59.7+8.8 <0.001
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Angiographic and procedural characteristics
Extent of coronary artery disease
1-VD
2-VD
3-VD
LM disease
Multiple target lesions
Intervention for type B2/C lesion
Intervention for in-stent restenosis
Intervention for bifurcation lesion
Side branch treatment
Procedural success
Medications at discharge
Aspirin
Clopidogrel

Dual antiplatelet therapy

600 (31.1%)
671 (34.8%)
657 (34.1%)
201 (10.4%)
561 (29.1%)
1647 (85.4%)
105 (5.4%)
1180 (61.2%)
261 (13.5%)

1922 (99.7%)

1916 (99.4%)
1906 (98.9%)

1899 (98.5%)

21 (20.6%)
33 (32.4%)
48 (47.1%)
18 (17.6%)
35 (34.3%)
90 (88.2%)
11 (10.8%)
63 (61.8%)
16 (15.7%)

101 (99.0%)

100 (98.0%)
100 (98.0%)

100 (98.0%)

579 (31.7%)
638 (34.9%)
609 (33.4%)
183 (10.0%)
526 (28.8%)
1557 (85.3%)
94 (5.1%)
1117 (61.2%)
245 (13.4%)

1821 (99.7%)

1816 (99.5%)
1806 (98.9%)

1799 (98.5%)

0.009

0.014

0.233

0.409

0.015

0.905

0.515

0.212

0.130

0.423

0.697
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Beta blockers

ACE inhibitors

ARBs

Statins

CCBs

Body habitus, Scr, Scys and eGFR

Body weight (kg)
BMI (kg/m’)
Scr (mg/dL)
Scys (mg/dL)
eGFR (mL/min/1.73m’)
by Scr-based CKD-EPI equation
by Scys-based CKD-EPI equation
Baseline renal dysfunction
eGFR <60 by Scr-based CKD-EPI equation

eGFR <60 by Scys-based CKD-EPI equation

1019 (52.9%)
246 (12.8%)
743 (38.5%)
1716 (89.0%)

669 (34.7%)

66.0+10.3
249+£29
1.11 £1.11

1.00 £ 0.81

78.7+23.0

89.8 £26.7

347 (18.0%)

259 (13.4%)

55 (53.9%)
18 (17.6%)
43 (42.2%)
72 (70.6%)

36 (35.3%)

62.8+10.2
23.7+£3.2

1.86 £2.17

1.81 £1.68

62.7+31.5

62.3+34.3

39 (38.2%)

42 (41.2%)

964 (52.8%)
228 (12.5%)
700 (38.3%)
1644 (90.0%)

633 (34.7%)

66.2+10.3

249+£29

1.07 £ 1.00

0.96 £0.71

79.6 £22.1

91.3+254

308 (16.9%)

217 (11.9%)

0.824

0.128

0.440

<0.001

0.897

0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
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Scr/Scys 1.10+£0.26 0.98 +£0.28 1.11 £0.25 <0.001

eGFRcys/eGFRer 1.16 £0.23 1.01 £0.28 1.17+0.22 <0.001

Values are described as numbers (%) or mean + standard deviation.
ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; BMI, body mass index; CCB, calcium channel blocker; CKD, chronic kidney disease; EPI, Epidemiology
Collaboration; DAPT, dual antiplatelet therapy; eGFR, estimated glomerular filtration rate; LM, left main; MI, myocardial infarction; PCI, percutaneous coronary intervention; Scr, serum

creatinine; Scys, serum cystatin C; STEMI, ST-segment elevation myocardial infarction; VD, vessel disease.
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Total population Low-MM Normal-MM
P value
(n=1928) (n=601, 31.2%) (n=1327, 68.8%)
Demographics and risk factors
Men 1365 (70.8%) 459 (76.4%) 906 (68.3%) <0.001
Age (year) 65.2+9.9 66.7+10.3 64.5+9.7 <0.001
Age >65 1086 (56.3%) 379 (63.1%) 707 (53.3%) <0.001
Hypertension 1321 (68.5%) 435 (72.4%) 886 (66.8%) 0.014
Diabetes mellitus 774 (40.1%) 265 (44.1%) 509 (38.4%) 0.017
History of myocardial infarction 168 (8.7%) 69 (11.5%) 99 (7.5%) 0.004
Previous revascularization 395 (20.5%) 115 (19.1%) 280 (21.1%) 0.322
History of cerebrovascular accident 189 (9.8%) 55 (9.2%) 134 (10.1%) 0.517
Dyslipidemia or statin user 1431 (74.2%) 430 (71.5%) 1001 (75.4%) 0.071
Current smoker 419 (21.7%) 158 (26.3%) 261 (19.7%) 0.001
Presented as acute MI 160 (8.3%) 51 (8.5%) 109 (8.2%) 0.841
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Left ventricular ejection fraction (%)

Angiographic and procedural characteristics

Extent of coronary artery disease
1-VD
2-VD
3-VD
LM disease
Multiple target lesions
Intervention for type B2/C lesion
Intervention for in-stent restenosis
Intervention for bifurcation lesion
Side branch treatment
Procedural success
Medications at discharge
Aspirin

Clopidogrel

59.3+93

600 (31.1%)
671 (34.8%)
657 (34.1%)
201 (10.4%)
561 (29.1%)
1647 (85.4%)
105 (5.4%)
1180 (61.2%)
261 (13.5%)

1922 (99.7%)

1916 (99.4%)

1906 (98.9%)

58.1£10.8

183 (30.4%)
213 (35.4%)
205 (34.1%)
62 (10.3%)
188 (31.3%)
505 (84.0%)
39 (6.5%)
379 (63.1%)
89 (14.8%)

598 (99.5%)

594 (98.8%)

593 (98.7%)

59.9+8.5

417 (31.4%)
458 (34.5%)
452 (34.1%)
139 (10.5%)
373 (28.1%)
1142 (86.1%)
66 (5.0%)
801 (60.4%)
172 (13.0%)

1324 (99.8%)

1322 (99.6%)

1313 (98.9%)

0.001

0.892

0.916

0.155

0.241

0.174

0.260

0.272

0.319

0.058

0.597



T20Z ‘/ Areniged uo Aq Bio'sfeuuno feye//:dny wouy papeojumoq

Dual antiplatelet therapy

Beta blockers

ACE inhibitors

ARBs

Statins

CCBs

Body habitus, Scr, Scys and eGFR

Body weight (kg)

BMI (kg/m’)

Scr (mg/dL)

Scys (mg/dL)

eGFR (mL/min/1.73m’)
by Scr-based CKD-EPI equation
by Scys-based CKD-EPI equation

Baseline renal dysfunction

eGFR <60 by Scr-based CKD-EPI equation

1899 (98.5%)
1019 (52.9%)
246 (12.8%)
743 (38.5%)
1716 (89.0%)

669 (34.7%)

66.0+10.3

249+£29

1.11 £ 1.11

1.00 £ 0.81

78.7+23.0

89.8 £26.7

347 (18.0%)

590 (98.2%)
323 (53.7%)
93 (15.5%)
227 (37.8%)
522 (86.9%)

211 (35.1%)

65.3+10.2

24.6 £3.1

1.06 £ 0.95

1.19+0.96

81.5+24.4

77.1+26.9

98 (16.3%)

1309 (98.6%)
696 (52.4%)
153 (11.5%)
516 (38.9%)
1194 (90.0%)

458 (34.5%)

66.4+10.4

25.0+£2.9

1.14+1.17

0.92+0.72

77.4+222

95.6 £24.5

249 (18.8%)

0.428

0.598

0.016

0.641

0.042

0.800

0.047

0.008

0.158

<0.001

<0.001

<0.001

0.193



T20Z ‘/ Areniged uo Aq Bio'sfeuuno feye//:dny wouy papeojumoq

eGFR <60 by Scys-based CKD-EPI equation 259 (13.4%) 140 (23.3%) 119 (9.0%) <0.001
Scr/Scys 1.10+0.26 0.89+0.17 1.20+0.23 <0.001

eGFRcys/eGFRer 1.16 £0.23 0.94+0.14 1.26+0.18 <0.001

Values are described as numbers (%) or mean + standard deviation.
ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; BMI, body mass index; CCB, calcium channel blocker; CKD, chronic kidney disease; EPI, Epidemiology
Collaboration; DAPT, dual antiplatelet therapy; eGFR, estimated glomerular filtration rate; LM, left main; Low-MM, low muscle mass; M1, myocardial infarction; PCI, percutaneous

coronary intervention; Scr, serum creatinine; Scys, serum cystatin C; STEMI, ST-segment elevation myocardial infarction; VD, vessel disease.
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Figure S1. Association of Low Muscle Mass with 3-Year Risk of All-Cause Death.

(A)

Estimated 3-year mortality risk

20%-

15%-

10%-

Lower Muscle Mass by Scr/Scys
Higher 3-Year Mortality Risk

o Unadjusted HR 1.22 (1.13-1.33)

% Per 0.1 decrease

Mortality rate 5.3%

5% -

0% -

0.5 1.0 1.5 2.0 25
Scr/Scys

(B)

60%-
50%-
40%-
30%-+
20%-

10%-

Lower Muscle Mass by eGFRcys/eGFRcr
Higher 3-Year Mortality Risk

o Unadjusted HR 1.38 (1.27-1.52)
\ Per 0.1 decrease

Estimated 3-year mortality risk

0% -

0.5 1.0 15 2.0 25
eGFRcys/eGFRcr

eGFR, estimated glomerular filtration rate; HR, hazard ratio; Scr, serum creatinine; Scys, serum

cystatin C.
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Figure S2. Distribution of Scr/Scys and eGFRcys/eGFRcr by Sex.

(A) Scr/Scys

All studied patients
| | Men, with selected cut-point 1.0
| | Women, with selected cut-point 0.8

05 1.0 1.5 2.0
Scr/Scys

(B) eGFRcys/eGFRcr

All studied patients
[ ] Men, with selected cut-point 1.1
| | Women, with selected cut-point 1.0

05 1.0 1.5 2.0
eGFRcys/eGFRer

eGFR, estimated glomerular filtration rate; Scr, serum creatinine; Scys, serum cystatin C.
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Figure S3. Time-dependent ROC Analysis and Optimal Discriminative Cut-Points for 3-

Year Mortality.

Time-dependent ROC analysis and optimal discriminative cut-points for clinical events

All-cause mortality Selected cut-points
Optimal Cumulative Cumulative
1st quartile cutoff value P-value percent (%) Cut-off value percent (%)
ScriScys All studied patients 0.884 0.979 1.9519x10°® 31.59 1.0 34.75
Men 0.986 1.006 6.4558x107 21.54 1.0 20.66
Women 0.789 0.837 0.0015 33.75 0.8 25.93
eGFRcys/eGFRcr All studied patients 0.976 1.029 3.2581x10M 23.08 1.0 18.88
Men 1.012 1.092 4.9388x10° 31.28 1.1 33.70
Women 0.971 1.008 1.0537x10°% 27.71 1.0 25.40

cf. The cut-off values of the surrogates were rounded off to avoid over-fitting and make the surrogates more practical and easy to apply. We have chosen
cut-point values to be more predictable, especially for 3-year all-cause mortality.
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Figure S4. Determining Best Cut-Off Values using U Statistics according to Sex.
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Figure S5. Log-Minus-Log Curves of All-Cause Mortality.
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(B) Low-MM Group By eGFRcys/eGFRcr
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eGFR, estimated glomerular filtration rate; Low-MM, low muscle mass; Scr, serum creatinine;

Scys, serum cystatin C.



