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Background: Chronic kidney disease (CKD) and coronary artery disease (CAD) are strongly associated. Cystatin C (Cys C) is a more 
sensitive marker of early renal insufficiency. This study aimed to evaluate the prognostic implications of combined of Cys C and 
cardiac troponin I (cTnI) on 90-day outcomes in elderly patients with type 2 myocardial infarction (MI).
Methods: The data of consecutive type 2 MI patients aged 80 years and older who received Cys C and cTnI measurements within 24 
h of admission were retrospectively reviewed. The endpoint was a 90-day all-cause and cardiac mortality.
Results: A total of 4326 patients were included. During the 90-day follow-up period, a higher all-cause and cardiac mortality was 
observed in patients with Cys C ≥ 1.49mg/L than in patients with Cys C < 1.49 mg/L (P <0.001). After the multivariate logistic 
regression adjustments, the higher CysC and cTnI levels remained independent predictors of the 90-day all-cause mortality and cardiac 
mortality. Moreover, the Kaplan–Meier all-cause and cardiac mortality event-free survival curves showed that the patients with the 
presence of elevated levels of both Cys C and cTnI had a significantly increased risk than those with Cys C or cTnI alone.
Conclusion: Elevated Cys C level is an independent risk factor for all-cause and cardiac mortality in the elderly type 2 MI population. 
The predictive ability of the combined use of Cys C and cTnI in elderly type 2 MI patients is stronger than that of Cys C or cTnI 
alone.
Keywords: myocardial infarction, cystatin C, elderly

Introduction
Chronic kidney disease (CKD) and coronary artery disease (CAD) are strongly associated.1 CKD is a well-known risk 
factor for the development and progression of CAD,2,3 and adversely affects outcomes in patients with CAD.4–9 Low 
estimated glomerular filtration rate (eGFR) is associated with an increasing risk of all-cause mortality in patients with 
CAD.10–12 CKD is an important independent risk factor for cardiovascular events.13,14 Even a minor reduction in eGFR 
is associated with increased cardiovascular morbidity and mortality.15,16 CKD confers a high risk for poor cardiovascular 
events with 50% of all patients of CKD stage 4/5 experiencing cardiovascular disease. Moreover, cardiovascular 
mortality accounts for 40% to 50% of all deaths in patients of advanced CKD stages 4 and 5.17

Cystatin C (Cys C) is a more sensitive marker of early renal insufficiency.18 A significant association exists between 
elevated Cys C and the risk of cardiovascular events or mortality in heterogeneous populations with normal renal 
function.19 In addition, Cys C has been shown to be a strong predictor of major adverse cardiovascular events and all- 
cause mortality,20–22 and the association between high levels of Cys C and any cause-related mortality is age- 
independent.18 Age is an established risk factor for both CKD and type 2 myocardial infarction (MI), especially in 
elderly patients. Type 2 MI is a heterogeneous entity with varying etiologies and triggers.23 Patients with type 2 MI were 
markedly older with more frequent comorbidities.24,25 The levels of cardiac troponin I (cTnI) were significantly 
associated with the severity of CAD in patients with CKD.26

Type 2 MI is associated with CKD, and aging contributes to its incidence and poor prognosis. Accordingly, it is of 
clinical significance to understand the clinical features and risk factors for 90-day all-cause and cardiac mortality in type 
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2 MI patients. This study aimed to evaluate the prognostic implications of the combined use of Cys C and cTnI on 90-day 
outcomes in patients aged over 80 years old with type 2 MI.

Methods
Study Population
The present work was an observational and retrospective cohort study. Among the consecutive patients aged 80 years and 
older with a diagnosis of type 2 MI at Chinese PLA General Hospital between December 2010 and December 2021, only 
those patients whose serum Cys C and cTnI levels were available based on clinical indication within 24 h of admission 
were included. The clinical and demographic data were collected from related electronic medical records. The age- 
adjusted Charlson comorbidity index (ACCI) score27 was calculated to assess the severity of comorbidity. The 
echocardiographic variables were obtained during the first days of hospitalization by transthoracic echocardiography.

cTnI and Cys C Testing
cTnI was measured with electrochemiluminescence immunoassay on a Dimension Vista 500 Intelligent Laboratory 
System. An increased level of cTnI was defined as ≥0.07 ng/mL.

The serum Cys C levels were measured using a nephelometry assay. An increased level of Cys C was defined as ≥1.49mg/L.

Diagnosis of Type 2 MI
Type 2 MI was defined in accordance with the Fourth Universal Definition of MI as the presence of myocardial necrosis 
detected by elevated cTnI, which is a result of the imbalance between myocardial oxygen supply and demand in the 
presence or absence of a fixed atherosclerotic coronary disease.28 Two independent cardiologists reviewed all available 
medical records and decided the final adjudication of type 2 MI, with discordant diagnoses resolved by a third 
cardiologist. Patients with end-stage kidney failure who were receiving long-term dialysis were excluded. Patients 
with Takotsubo cardiomyopathy, type 3, 4, or 5 MI, or whose complete data were not available from the electronic 
medical record were also excluded from the analysis.

Clinical Outcomes
The primary endpoint in this study was the 90-day all-cause mortality, and the secondary endpoint was cardiac mortality 
in type 2 MI elderly patients. The follow-up data were obtained from medical records or by telephone interview. Cardiac 
death included deaths caused by myocardial infarction, heart failure, or significant arrhythmias. Sudden unexpected death 
without another explanation was also considered cardiac death.

Statistical Analysis
Normally distributed continuous variables were expressed as the mean ± standard deviation. Categorical variables were 
expressed as frequencies and percentages. Categorical variables were compared using χ2 tests. All variables with P < 0.05 
in the univariate analysis were considered in the multivariate analysis. Multivariate logistic regression analysis was used 
to predict the prevalence of the 90-day all-cause and cardiac mortality with adjustments for age, ACCI, and co- 
morbidities. The results were presented as adjusted odds ratios (OR) and their 95% confidence interval (CI). The 
survival curves were estimated by the Kaplan–Meier analysis and compared using the Log rank test. The event-time 
curve was separated into three curves according to the Cys C and cTnI. All data were processed using SPSS 20 (IBM 
SPSS Statistics, Armonk, New York, USA). P< 0.05 was considered statistically significant.

Results
Baseline Clinical Characteristics
A total of 4326 were included in this study. The mean age of the subjects was 88.51 ± 5.26 years, and men comprised 
71.3% of the group. According to the serum Cys C level on admission, the population was divided into two groups: Cys 
C ≥ 1.49mg/L (n = 2385, 55.1%) and Cys C < 1.49 mg/L (n = 1941, 44.9%).
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Overall All-Cause and Cardiac Mortality
During the 90-day follow-up period, a higher all-cause mortality was observed in patients with Cys C ≥ 1.49mg/L than in 
patients with Cys C < 1.49 mg/L (P <0.001 Table 1). Moreover, the cardiac mortality was higher in patients with Cys C ≥ 
1.49mg/L than in patients with Cys C < 1.49 mg/L (P <0.001 Table 1).

Factors Associated with 90-Day All-Cause and Cardiac Mortality of Type 2 MI
The baseline characteristics of the study population according to the occurrence of 90-day all-cause mortality are 
presented in Table 2. In comparison with the survivors, non-survivors were older and had significantly higher Cys C, 
cTnI levels ≥ 1.4 ng/mL, prevalence of congestive heart failure NYHA III/IV, hemoglobin < 80 g/L, as well as higher 
ACCI score (Table 2). However, survivors and non-survivors showed no differences in terms of gender, BMI, history of 
hypertension, previous MI, atrial fibrillation, dyslipidemia, DM, peripheral vascular disease, or left ventricular ejection 
fraction (LVEF). Furthermore, the Cys C and cTnI levels were significantly higher in the individuals that experienced 
cardiac death than in those who did not (Table 3). After multivariate logistic regression adjustments, the higher CysC and 
cTnI levels remained independent predictors of the 90-day all-cause and cardiac mortality (Table 4).

Table 1 Clinical Outcomes According to Cys C During the 90-Day 
Follow-Up Period

Mortality Cys C ≥ 1.49mg/L Cys C < 1.49 mg/L P-value

n = 2385 n = 1941

All-cause, n (%) 461 (19.3) 179 (9.2) <0.0001
Cardiac, n (%) 359 (15.1) 134 (6.9) <0.0001

Abbreviation: Cys C, Cystatin C.

Table 2 Characteristics of Type 2 MI Based on the Occurrence of 90-Day Survival

Variables Survivors Non-Survivors P-value
n = 3686 n = 640

Age (year) 87.83±5.20 90.46±5.31 <0.0001

Male, n (%) 2617 (70.9) 467 (72.9) 0.3091

BMI ≥ 27 kg/m², n (%) 741 (20.1) 125 (19.5) 0.7386
Cys C ≥ 1.49mg/L, n (%) 1924 (52.2) 461 (72.0) <0.0001

cTnI ≥ 1.40 ng/mL, n (%) 1179 (31.9) 384 (60.0%) <0.0001

ACCI 7.95±1.90 8.76±2.35 <0.0001
Comorbidities, n (%)

Hypertension 3032 (82.3) 537 (83.9) 0.3108

Previous MI 669 (18.1) 128 (20.0) 0.2651
Congestive heart failure NYHA III/IV 1032 (27.9) 364 (56.9) <0.0001

DM 1511 (40.9) 273 (42.7) 0.4301

Atrial fibrillation 1863 (50.5) 334 (52.2) 0.8928
Dyslipidemia 2178 (59.1) 391 (61.1) 0.3403

Hemoglobin < 80 g/L 673 (18.3) 138 (21.6) 0.048

Peripheral vascular disease 1585 (43.0) 288 (45.0) 0.346
Echocardiographic results

LVEF 51.26±11.05 51.87±12.71 0.2085

Note: Data are mean ± standard deviation or n (%). 
Abbreviations: BMI, body mass index; Cys C, Cystatin C; cTnI, cardiac troponin I; ACCI, age-adjusted 
Charlson comorbidity index; MI, myocardial infarction; DM, diabetes mellitus; LVEF, left ventricular ejection 
fraction.
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The Kaplan–Meier all-cause mortality event-free survival curves showed that the patients with the presence of elevated 
levels of both Cys C and cTnI had a significantly increased risk than Cys C or cTnI alone (P < 0.001) (Figure 1). Moreover, 
the Kaplan–Meier cardiac death event-free survival curves showed that the patients with the presence of elevated levels of 
both Cys C and cTnI had a significantly higher incidence of cardiac death than Cys C or cTnI alone (P < 0.001) (Figure 2).

Discussion
The results of the present real-world study demonstrate that elevated Cys C levels were associated with increased risk of 
cardiac death and all-cause mortality in elderly patients with type 2 MI during the 90-day follow-up period. The 
combined use of Cys C and cTnI also provided incremental prognostic information that enhanced the prediction of 
increased risk of cardiac death and all-cause mortality. The predictive ability of the combined use of Cys C and cTnI in 

Table 3 Characteristics of Type 2 MI Based on the Occurrence of 90-Day Cardiac Survival

Variables No Cardiac Death Cardiac Death P-value
n = 3833 n = 493

Age (year) 87.86±5.18 91.05±5.38 <0.0001

Male, n (%) 2737 (71.4) 347 (70.3) 0.6372

BMI ≥ 27 kg/m², n (%) 775 (20.2) 91 (18.5) 0.3577
Cys C ≥ 1.49mg/L, n (%) 2026 (52.9) 359 (72.8) <0.0001

cTnI ≥ 1.40 ng/mL, n (%) 1194 (31.2) 369 (74.8%) <0.0001

ACCI 7.93±1.89 9.14±2.33 <0.0001
Comorbidities, n (%)

Hypertension 3158 (82.4) 411 (83.4) 0.5908

Previous MI 684 (17.8) 113 (22.9) 0.0048
Congestive heart failure NYHA III/IV 1101 (28.7) 295 (59.8) <0.0001

DM 1578 (41.2) 206 (41.8) 0.7936

Atrial fibrillation 1978 (51.6) 269 (54.6) 0.2157
Dyslipidemia 2264 (59.1) 305 (61.8) 0.2334

Hemoglobin < 80 g/L 708 (18.5) 103 (20.9) 0.1948

Peripheral vascular disease 1637 (42.7) 216 (43.8) 0.6406
Echocardiographic results

LVEF 51.29±11.22 51.78±12.01 0.3685

Note: Data are mean ± standard deviation or n (%). 
Abbreviations: BMI, body mass index; Cys C, Cystatin C; cTnI, cardiac troponin I; ACCI, age-adjusted Charlson 
comorbidity index; MI, myocardial infarction; DM, diabetes mellitus; LVEF, left ventricular ejection fraction.

Table 4 Risk Factors Associated with 90-Day Mortality in a Multivariable Logistic Regression Analysis

Risk Factors All-Cause Mortality Cardiac Mortality

OR (95% CI) P-value OR (95% CI) P-value

Age (year) 1.12 (1.105–1.145) <0.0001 1.11 (1.088–1.133) <0.0001

Cys C ≥ 1.49mg/L 2.57 (1.916–3.443) <0.0001 4.36 (3.266–5.827) <0.0001
cTnI ≥ 1.40 ng/mL 1.65 (1.284–2.129) <0.0001 15.29 (10.574–22.114) <0.0001

ACCI 1.17 (1.119–1.224) <0.0001 1.14 (1.084–1.202) <0.0001

Comorbidities
Previous MI 0.13 (0.098–0.184) 0.0002

Chronic heart failure NYHA III/IV 3.16 (2.353–4.240) <0.0001 1.32 (0.948–1.849) 0.0997

Hemoglobin < 80 g/L 1.09 (0.744–1.585) 0.6704

Abbreviations: Cys C, Cystatin C; cTnI, cardiac troponin I; ACCI, age-adjusted Charlson comorbidity index; MI, myocardial 
infarction.
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elderly type 2 MI patients is stronger than that of Cys C alone. Simultaneous assessment of the two biomarkers would be 
more useful in risk stratification than using either biomarker separately.

CAD and CKD are risk factors for each other. Elderly individuals are more likely to be complicated with CAD and 
CKD.29 Renal dysfunction has become a cardiovascular risk factor of equal importance as diabetes mellitus.30 The results 
of another study strengthened the role of kidney disease as a risk multiplier for cardiovascular and all-cause mortality and 
highlighted the need to prevent its onset and progression.13 Moreover, patients with renal impairment more frequently 
presented with multivessel disease and calcified lesions.5 Elevated cTnI concentrations were 3-fold more common in 
patients with renal impairment than in those with normal renal function.31 In patients with impaired renal function, blood 
levels of hsTnI were significantly associated with the severity of stable CAD.26 Bidirectional interactions exist between 
heart disease and kidney disease.32 The potential mechanisms to explain the relationship may be complex and multi-
factorial. Several mechanistic pathways may contribute to the observed worsening of outcomes, including sharing risk 
factors (such as hypertension, diabetes and hyperlipidemia) and some kidney-related risk factors.33 Another possible 
mechanism is related to endothelial dysfunction, cardiac remodeling, vascular calcification,34 neuro-hormonal activation, 
inflammatory cascade activation,35 renal venous hypertension and elevated intra-abdominal pressures.36 Furthermore, the 
poorer prognosis is possibly explained by more prevalent comorbidity, age, more frequent high-risk presentations of 
acute coronary syndrome, lower rates of complete revascularization, and underutilization of guideline-recommended 
therapies. A combination of these factors might explain the influence on adverse clinical outcomes.

Figure 1 Kaplan–Meier all-cause mortality event-free survival curves according to the Cys C and cTnI levels. 
Abbreviations: Cys C, Cystatin C; cTnI, cardiac troponin I.

Figure 2 Kaplan–Meier cardiac mortality event-free survival curves according to the Cys C and cTnI levels. 
Abbreviations: Cys C, Cystatin C; cTnI, cardiac troponin I.
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In the present study, the combined use of Cys C and cTnI further improves the predictive accuracy. Accurate 
screening and assessment of the risk factors for the 90-day outcomes play a significant role in type 2MI patients, 
especially for very old patients. CKD overlapped with several conditions and showed a significant association with 
decreased clearance of cardiac troponins.37 There may be an elevated cTnI level due to CKD. We identified 1.40 ng/mL 
(2×0.07) as the optimal cut-off cTnI value. This value was in accordance to the basis of our experience. This result 
appears to be different from other reports. Such a situation can be attributed to differences in the prevalence of 
comorbidities, especially age. Moreover, the patients with concomitant renal impairment and type 2 MI are less likely 
to receive treatment in clinical practice, which may hamper the implementation to optimal treatment with early coronary 
intervention, revascularization or drugs known to favorably impact cardiovascular and renal outcome. In addition, elderly 
patients are underrepresented in many clinical trials, resulting in sparsity of evidence-based therapies. Further studies are 
needed to explore the mechanism linking Cys C among type 2 MI patients to improve the care of these patients.

This study has several limitations that should be considered. First, this work was a non-randomized, single-center 
retrospective observational study, which may have certain selection bias and confounding factors. Unmeasured con-
founders and selection bias might have affected the results. Second, the determination of CKD stage was based on 
a single Cys C measurement and measured only once. The other markers of kidney damage, such as albuminuria or 
eGFR, were not available in our study. Third, the evaluation of Cys C and cTnI levels was only measured once at 
admission without serial measurements. The circulating Cys C and cTnI levels may significantly change over time, 
particularly in patients with unstable hemodynamics and varying medical therapy. Nevertheless, these dynamic changes 
were not taken into account. The effects should be further investigated. Fourth, no data were available on medications 
taken. Consequently, the influence of drugs on Cys C and cTnI levels were not analyzed. This will lead to the credibility 
of the results. The decision to select medications was up to the discretion of the cardiologist, which led to a bias in the 
analysis. Fifth, the indices of left ventricular diastolic function were not comprehensively measured. Sixth, only elderly 
patients were included in this study. Accordingly, the present findings may not be extrapolated to the general population 
or other patients with specific diseases. Finally, it is likely there were still many important biomarkers for risk were not 
included in the analyses, such as N-terminal pro-B-type natriuretic peptide, cytokine levels, frailty, the use of gluco-
corticoid, or thyroid dysfunctions which could have affected Cys C level, making it challenging to establish the optimal 
cut-off value for prognosis prediction. Despite these limitations, the main strength of our study was the large cohort of 
patients aged over 80 years. Our findings should be confirmed through a long-term observational study, with medicines 
included.

Conclusion
In conclusion, the present study found that elevated Cys C level is an independent risk factor for all-cause and cardiac 
mortality in the elderly type 2 MI population. The combined effects of Cys C and cTnI on the 90-day outcomes appear to 
be worse than that of Cys C or cTnI alone. Further multi-center prospective studies are needed to provide more clinical 
evidence.
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