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Background and aims: This study sought to evaluate the prognostic powers of combined use
of cystatin C (Cys C) and homocysteine (Hcy) at predicting adverse events of patients .80 years
old with acute myocardial infarction (AMI).
Patients and methods: The analysis involved 753 patients .80 years old undergoing coronary angiography for chest pain in China from January 2006 to December 2012. Kaplan–Meier
method was used for survival and major adverse cardiac events (MACE) rates. Multivariate Cox
regression was performed to identify mortality predictors. Receiver operating characteristic curve
analysis was performed to predict the cutoff values of Cys C and Hcy for all-cause mortality.
Results: The duration of follow-up was 40–116 months (median, 63 months; interquartile range,
51–74 months). The long-term survival and event-free survival rates of AMI patients were significantly lower than those of unstable angina pectoris patients (P,0.05), and were significantly
different according to the tertile concentration of Cys C of AMI patients (P,0.01). Cys C and
Hcy were independent risk factors for long-term all-cause mortality (odds ratio [OR] =3.72
[2.27–6.09]; OR =1.59 [1.04–2.61]) and MACE (OR =2.83 [1.82–4.40]; OR =1.09 [1.04–1.21])
of AMI patients. The predictive cutoff value of Cys C was 1.815 mg/L (82.8%, 86.4%) and that
of Hcy was 15.06 μmol/L (84.4%, 83.1%) in AMI patients. Combined use of both biomarker’s
cutoff values further increased the sensitivity and specificity of all-cause mortality.
Conclusion: Cys C is a strong independent predictor of long-term all-cause death and MACE
in very old AMI patients. The combined use of Cys C and Hcy further improves the predictive
accuracy.
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In 2015, the leading cause of death due to a noncommunicable disease was
cardiovascular disease (17.9 million). The global cardiovascular death rate rose by
12.5% from 2005 to 2015, and during this same period, deaths due to ischemic heart
disease increased by 16.6% to 8.9 million deaths.1 The incidence of acute myocardial
infarction (AMI) continues to rise and the situation in China is becoming increasingly
severe. There are over 290 million Chinese patients with cardiovascular disease with
AMI accounting for 2.5 million of those. The morbidity and mortality of AMI are
still rising rapidly. The proportion of elderly patients is increasing rapidly. By the end
of 2050, the elderly population will exceed 100 million. Age is an independent risk
factor for poor prognosis of AMI.
Cystatin C (Cys C) is a small 13-kDa cysteine protease inhibitor. It is freely filtered,
neither secreted nor reabsorbed into the bloodstream. The general consensus has been
1201

submit your manuscript | www.dovepress.com

Clinical Interventions in Aging 2018:13 1201–1209

Dovepress

© 2018 Fu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://dx.doi.org/10.2147/CIA.S151211

Dovepress

Fu et al

accepted that Cys C is a more sensitive marker of early renal
insufficiency.2–4 Cys C is a novel biomarker of cardiovascular
disease. Several studies have suggested that increased plasma
levels of Cys C are associated with the increased risk of
cardiovascular disease and mortality5,6 in the elderly7 and
in different patient populations.8,9 Serum Cys C may be a
predictor of disease severity in elderly hypertensive patients
with coronary heart disease.10 In addition, baseline Cys C
levels play a prognostic role in long-term adverse outcomes
of coronary artery disease (CAD) and heart failure.11 Serum
Cys C has also been shown to correlate with angiographic
coronary collateralization in patients with stable CAD12 and
associated with CAD and its severity.13 However, some other
studies have confirmed that there is no causal relationship
between plasma Cys C and CAD.14
Homocysteine (Hcy) is a nonessential amino acid that is
known as a marker of endothelial injury. Elevated total Hcy
is known to be able to increase oxidative stress, diminish
vasodilation, stimulate the proliferation of vascular smooth
muscle cells, alter the elastic properties of the vascular wall,
and thus increase the risk for atherosclerosis. There is a direct
association between total Hcy and coronary heart disease in
the general population.15–17
Our earlier studies indicated that Cys C is an independent
risk factor for the prognosis of old acute coronary syndrome
(ACS) patients with diabetes,18 and Hcy is an independent
risk factor for the outcome of old ACS patients too.19
However, prior studies were limited by sample size,
follow-up time, study population, and differences in the
cutoff values. There were no novel markers associated
with very long-term outcomes of very old AMI patients.
We hypothesized that Cys C and Hcy were independent risk
factors for very long-term prognosis of Chinese very old
AMI patients, and the combined evaluation may provide
stronger diagnostic power.

Patients and methods
Study population
We performed a prospective cohort study in Chinese People’s
Liberation Army (PLA) General Hospital cardiac center from
January 2006 to December 2012. A total of 720 patients
who were .80 years old, hospitalized for ACS, and underwent coronary angiography examination were enrolled by
10 cardiologists. A total of 100 patients who were .80 years
old, hospitalized for chest tightness or chest pain, but whose
coronary angiography revealed nonobstructive stenosis were
enrolled in the control group. Exclusion criteria included
malignancy, severe valvular heart disease, primary pulmonary
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hypertension, severe liver dysfunction, metabolic diseases,
and rheumatic immune diseases. The study was approved by
Chinese PLA General Hospital Ethics Service. All patients
provided written informed consent for this study including to
undergo coronary angiography examination and treatments
and to be followed up for outcomes in the longer term.

Clinical data
Demographic characteristics, cardiovascular risk factors
(primary hypertension, diabetes, hyperlipidemia, previous
myocardial infarction [MI], previous stroke, chronic renal
failure [CRF], and smoking), baseline blood features (total
cholesterol, low density lipoprotein-C, fasting blood glucose,
uric acid, Hcy, and Cys C), and clinical and treatment data
were collected by trained doctors after patient admission.
Renal function was assessed using the baseline estimated
glomerular filtration rate (eGFR). Impaired renal function
was defined as an eGFR ,60 mL/min/1.73 m2. Creatinine
was standardized using a calibration equation called Jaffe’s
kinetic method:
Scr (mg/dL) = 0.795 × (enzymatic method
Scr [mg/dL]) + 0.29.

eGFR was calculated using the Chinese modified Modification of Diet in Renal Disease equation:
eGFR (mL/min/1.73 m2) = 175 × standardized creatinine
(mg/dL)−1.234 × age (year)−0.179 ×
0.79 (if female).

Coronary angiogram acquisition and
analysis, and selection of treatment
Coronary angiograms were acquired during usual care with
cardiac catheter laboratory X-ray and information technology
equipment. All coronary angiograms were analyzed on a
single image analysis software platform. Quantitative coronary analysis of the culprit vessel was performed by trained
observers using standard methods.
The severity of coronary stenosis was expressed by
Gensini score. The locations of coronary artery lesions and
proportion of those with multivessel disease were recorded.
According to the results of coronary angiography, intensive
drug therapy, percutaneous coronary intervention (PCI), or
coronary artery bypass grafting (CABG) were performed.

Patient grouping and study outcomes
Patients were divided into the unstable angina pectoris (UAP)
and the AMI groups according to the guidelines of American
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College of Cardiology. Patients with chest pain and normal
angiography were enrolled as the control group. Patients were
followed up once every 12 months after discharge and major
adverse cardiac events (MACE) were recorded. The primary
outcomes of this study were all-cause death, MACE (including
recurrent MI, repeat revascularization [PCI or CABG]). Allcause death was defined as death from any reason including
cardiovascular and non-cardiovascular causes. Recurrent
MI was defined as recurrent clinical features with new electrocardiographic findings that were compatible with MI, or
increased levels of biochemical markers.

Statistical analysis
All statistical analyses were performed using SPSS software
version 19.0 (IBM Corporation, Armonk, NY, USA).
A P-value ,0.05 was considered to be statistically significant. Categorical variables were expressed as number and
percentage. Most continuous variables followed a normal
distribution and were therefore presented as means together
with SDs. Those variables that did not follow a normal distribution were presented as medians with interquartile range
(IQR). Differences in continuous variables between groups
were assessed by Student’s t-test or analysis of variance for
continuous data with normal distribution, or otherwise the
nonparametric Mann–Whitney test or Kruskal–Wallis H test.
Differences in categorical variables between groups were
assessed using the chi-square test. Multiple Cox proportional
regression analysis (odds ratio [OR], 95% CI) was used to
identify potential clinical predictors of all-cause death and
MACE. Survival analysis was performed using Kaplan–
Meier method. Survival curves were used to investigate the
effect of different diagnoses and Cys C on long-term all-cause
death and MACE. Receiver operating characteristic (ROC)
curves were constructed for discrimination between surviving
and dead patients. The areas under the curve (AUC) were
compared by using Hanley and McNeil method.

Results
Baseline characteristics for the overall
population
Of the 720 patients in this cohort, 580 patients had UAP,
140 patients had AMI, and 699 patients (699/720, 97.08%)
provided informed consent and agreed to participate in the
study. A total of 100 patients were enrolled in the control
group, 93 of whom provided informed consent and agreed
to participate in the study (93/100, 93%).
Compared with the UAP and control groups, the AMI
group had lower systolic blood pressure (SBP), diastolic
Clinical Interventions in Aging 2018:13
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blood pressure (DBP), and eGFR (P,0.01) but higher heart
rate, plasma fasting blood glucose, uric acid, Hcy, and Cys C
levels (P,0.01). The proportion of previous MI in the UAP
group was significantly higher than that in the AMI group
(P,0.01). There were no significant differences in the above
indicators between the UAP group and the control group
(P.0.05).
In the AMI group, the Cys C level and Hcy level were
decreased with eGFR level (P,0.01). Further analysis
indicated that the Hcy level was positively correlated with
Cys C level (r=0.720, P=0.001) and negatively correlated
with eGFR (r=−0.531, P=0.001), and the Cys C level was
negatively correlated with eGFR (r=−0.743, P=0.001).
The left ventricular ejection fraction (LVEF) in the AMI
group was significantly lower than that in the UAP group
(P,0.01) and the LVEF of the UAP group was significantly
lower than that of the control group (P,0.01). No significant differences were found in other general conditions and
clinical data (Table 1).

Severity of CAD and choice of treatment
strategy
We compared the severity of CAD and the choice of clinical
treatment strategy between the UAP and AMI groups. The
proportion of lesions in the left anterior descending (LAD)
artery, left circumflex (LCX) artery, and right coronary artery
(RCA) in the AMI group was significantly higher than those
in the UAP group (P,0.01). The proportion of patients
with multivessel disease and the severity of coronary artery
stenosis (Gensini score) were also significantly higher in the
AMI group than those in the UAP group (P,0.01). There
was no significant difference in the proportion of left main
(LM) lesion between the two groups (P.0.05).
All patients accepted to undertake intensive medication.
The proportion of PCI in the AMI group was higher than
that in the UAP group (P,0.01), and the proportion of only
intensive drug therapy in the AMI group was lower than that
in the UAP group (P,0.01). The proportion of CABG in the
two groups was similar (P.0.05).
For the selection of the PCI target vessel, the proportion
of LAD interventions in the AMI group was higher than that
in the UAP group (P,0.01). There were no significant differences between the two groups in the proportions of LM,
LCX, and RCA interventions (P.0.05). The ratio of stent
implantation in the AMI group was higher than that in the
UAP group (P,0.05). There was no significant difference
in the number of stents implanted between the two groups
(P.0.05) (Table 2).
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Table 1 Study population: clinical characteristics in AMI octogenarians
Characteristics, n (%)
General conditions
Age (years)
Male
HR (bpm)
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
EF (%)
Risk factors
Hypertension
DM
Hyperlipidemia
Previous MI
Previous stroke
CRF
Smoking
Baseline blood feature
TC (mmol/L)
TG (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
FBG (mmol/L)
UA (μmol/L)
eGFR (mL/min/1.73 m2)
Cys C (mg/L)
Hcy (nmol/L)
Cardiovascular medication
Aspirin
Clopidogrel
Beta-blocker
ACEI/ARB
Statin

Control group
(n=93)

UAP group
(n=564)

AMI group
(n=135)

P-value

81.63±2.04
60 (64.5)
71.09±11.71
24.31±3.75
139.29±20.52
72.91±11.77
60.33±6.95

81.95±2.04
402 (71.3)
73.27±12.93
24.74±3.37
139.48±20.25
72.23±11.78
56.67±9.26∆∆

82.71±2.48
99 (73.3)
80.88±17.58##,**
24.67±3.23
126.39±22.32##,**
68.94±12.22#,**
50.22±10.05##,**

0.043
0.323
0.000
0.527
0.000
0.009
0.000

76 (81.7)
22 (23.7)
23 (24.7)
8 (8.6)
12 (12.9)
7 (7.5)
15 (16.1)

443 (78.5)
195 (34.6)
135 (23.9)
113 (20.0)∆∆
121 (21.5)
60 (10.6)
137 (24.3)

95 (70.4)
46 (34.1)
20 (14.8)
16 (11.9)**
25 (18.5)
19 (14.1)
33 (24.4)

0.073
0.114
0.064
0.005
0.145
0.281
0.215

3.85±0.89
1.33±1.12
1.28±0.42
2.12±0.73
5.85±1.69
344.2±98.52
80.37±49.52
1.56±0.62
15.12±7.58

3.94±1.12
1.38±0.97
1.24±0.34
2.28±0.83
6.75±4.39
347.1±104.6
76.49±41.15
1.62±0.84
16.27±8.18

4.01±1.13
1.31±0.77
1.23±0.53
2.32±0.87
8.85±4.51##,**
392.4±107.4##,**
66.52±19.67##,**
1.96±0.81##,**
18.14±7.33##,**

0.057
0.707
0.598
0.163
0.000
0.000
0.013
0.000
0.012

84 (90.3)
75 (80.6)
51 (54.8)
58 (62.4)
81 (87.1)

545 (96.6)∆∆
534 (94.7)∆∆
360 (63.8)
299 (53.0)
518 (91.8)

132 (97.8)**
132 (97.8)**
86 (63.7)
82 (60.7)
128 (94.8)

0.007
0.000
0.244
0.096
0.113

Notes: Data are shown as mean ± SD or n (%). Con versus UAP group ∆∆P,0.01; Con versus AMI group #P,0.05, ##P,0.01; UAP versus AMI group **P,0.01. Bold figures
indicate significant difference (P,0.05).
Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; AMI, acute myocardial infarction; BMI, body mass index; Con, control;
CRF, chronic renal failure; Cys C, cystatin C; DBP, diastolic blood pressure; DM, diabetes mellitus; EF, ejection fraction; eGFR, estimated glomerular filtration rate;
FBG, fasting blood glucose; Hcy, homocysteine; HDL-C, high density lipoprotein-C; HR, heart rate; LDL-C, low density lipoprotein-C; MI, myocardial infarction; SBP, systolic
blood pressure; TC, total cholesterol; TG, triglyceride; UA, uric acid; UAP, unstable angina pectoris; Con, control.

Long-term prognosis of patients
One hundred and thirty patients with AMI, 534 patients
with UAP, and 89 cases in the control group had long-term
follow-up data completed.
The duration of follow-up was 40–116 months (median,
63 months; IQR, 51–74 months). The all-cause mortality rates
were 50.0% (65/130), 25.47% (136/534), and 12.36% (11/89)
for the AMI, UAP, and control groups (P,0.0001), respectively. For cardiovascular mortality, the long-term rates were
34.62% (45/130) for AMI patients, 12.92% (69/534) for
UAP patients, and 5.62% (5/89) for control group patients
(P,0.0001). For non-cardiovascular mortality, the longterm rates were 15.38% (20/130) for AMI patients, 12.55%
(67/534) for UAP patients, and 6.74% (6/89) for control
group patients. The ratios of cardiovascular mortality to
1204
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non-cardiovascular mortality were 2.25, 1.03, and 0.83 for
AMI, UAP, and control group patients (P,0.0001), respectively. The recurrence of MI and repeat PCI was 4.62%
(6/130) and 3.85% (5/130) for AMI patients, 3.56% (19/534)
and 9.36% (50/534) for UAP patients, 1.12% (1/89) and 0%
(0/89) for control group patients. The MACE rates were
58.46% (76/130), 38.39% (205/534), and 13.48% (12/89) for
AMI, UAP, and control group patients (P,0.0001), respectively. There was a significant difference in the incidence
of MACE, all-cause mortality, cardiovascular mortality,
non-cardiovascular mortality, and repeat PCI between the
three groups.
Kaplan–Meier survival curves analysis showed that
long-term survival (P,0.0001) and event-free survival
(P,0.0001) rates were significantly different between the
Clinical Interventions in Aging 2018:13
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Table 2 Coronary artery characteristics and treatment strategy
in AMI octogenarians
Characteristics, n (%)
Lesions
LM
LAD
LCX
RCA
Multivessel disease
Gensini score
Treatment strategy
PCI
CABG
Intensive medication (only)
Target vessels
LM
LAD
LCX
RCA
Multi-lesion stenting
Number of stents

UAP group
(n=564)

AMI group
(n=135)

P-value

88 (15.6)
498 (88.3)
314 (55.7)
354 (62.8)
261 (46.3)
50.43±42.67

25 (18.5)
129 (95.6)
95 (70.4)
102 (75.6)
93 (68.9)
69.84±39.125

0.486
0.020
0.003
0.007
0.000
0.000

324 (57.4)
19 (3.4)
221 (39.2)

101 (74.8)
4 (3.0)
30 (22.2)

0.001
0.975
0.001

25 (4.4)
191 (33.9)
98 (17.4)
151 (26.8)
109 (19.3)
1.96±1.02

6 (4.4)
77 (57.1)
31 (23.0)
46 (34.1)
40 (29.6)
1.79±1.05

0.995
0.000
0.168
0.113
0.012
0.062

Notes: Data are shown as mean ± SD or n (%). Bold figures indicate significant
difference (P,0.05).
Abbreviations: AMI, acute myocardial infarction; CABG, coronary artery bypass grafting;
LAD, left anterior descending; LCX, left circumflex; LM, left main; PCI, percutaneous
coronary intervention; RCA, right coronary artery; UAP, unstable angina pectoris.

three groups. The long-term survival and event-free survival
rates of AMI patients were significantly lower than those of
UAP patients (P,0.05) (Figure 1A and B).

Long-term prognostic independent risk
factors
Cox regression analysis was performed to determine the factors that were associated with all-cause death and MACE at the
end of follow-up. After being adjusted for general conditions
(sex, body mass index, SBP, DBP, and LVEF), risk factors
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(diabetes mellitus [DM], hypertension, hyperlipidemia, previous MI, stroke, and CRF), and blood biochemistry indicators
(triglyceride, total cholesterol, high density lipoprotein-C,
low density lipoprotein-C, fasting blood glucose, and uric
acid), age, heart rate, eGFR, Hcy, and Cys C were found to
be independent risk factors for all-cause mortality in AMI
patients. Age, heart rate, DBP, eGFR, Hcy, and Cys C were
independent risk factors for MACE in AMI patients. Heart
rate, eGFR, Hcy, and Cys C were independent risk factors for
all-cause mortality in UAP patients. Cys C was an independent risk factor for MACE in UAP patients (Table 3).
The concentration of Cys C related to all-cause death
according to tertile was compared between the AMI and the
UAP groups. According to the triplicate of plasma Cys C,
patients were divided into three groups. Tertiles (T) ranges of
Cys C were group T1: 0.99 (0.46–1.22) mg/L, group T2: 1.37
(1.23–1.63) mg/L, and group T3: 2.10 (1.64–7.69) mg/L. There
were 34 AMI patients and 184 UAP patients in group T1, 26
AMI patients and 196 UAP patients in group T2, 70 AMI
patients and 154 UAP patients in group T3. All-cause mortalities in the T3 group were significantly higher than those in T1
and T2 groups for both AMI and UAP patients (Figure 2).
Cox regression analysis showed that Cys C was an independent risk factor for all-cause mortality in the T2 group
(OR =2.28, 95% CI =1.89–2.62, P=0.003) and the T3 group
(OR =5.23, 95% CI =2.52–10.87, P=0.000) of AMI patients
and in the T3 group (OR =2.59, 95% CI =2.12–3.16,
P=0.001) of UAP patients.
Kaplan–Meier survival curves analysis showed that
long-term survival (P,0.0001) and event-free survival
(P,0.0001) rates were significantly different according to
the tertile concentration of Cys C in AMI patients. Group T3
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Figure 1 Kaplan–Meier survival curves of long-term survival (A) and event-free survival (B) rates of AMI, UAP, and control groups.
Abbreviations: AMI, acute myocardial infarction; UAP, unstable angina pectoris.
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Table 3 Independent risk factors for all-cause mortality and
MACE in AMI and UAP patients
Characteristic
AMI group
All-cause mortality
Age
Heart rate
eGFR
Hcy
Cys C
MACE
Age
Heart rate
DBP
eGFR
Hcy
Cys C
UAP group
All-cause mortality
Heart rate
eGFR
Hcy
Cys C
MACE
Cys C

OR

95% CI

P-value

1.18
1.03
1.04
1.59
3.72

1.05–1.33
1.01–1.04
1.05–1.33
1.01–1.04
2.27–6.09

0.006
0.001
0.002
0.003
0.001

1.12
1.02
0.975
1.03
1.09
2.83

1.01–1.26
1.01–1.03
0.952–0.998
1.00–1.05
1.04–1.21
1.82–4.40

0.037
0.003
0.035
0.007
0.031
0.001

1.02
1.03
1.09
2.43

1.00–1.03
1.01–1.05
1.04–1.13
1.65–3.57

0.002
0.005
0.006
0.001

2.12

1.79–2.52

0.001

Abbreviations: AMI, acute myocardial infarction; Cys C, cystatin C; DBP, diastolic
blood pressure; eGFR, estimated glomerular filtration rate; Hcy, homocysteine;
MACE, major adverse cardiac events; OR, odds ratio; UAP, unstable angina pectoris.

showed the lowest long-term survival and event-free survival
rates (Figure 3A and B).

Diagnostic powers of Cys C and Hcy for
long-term all-cause death
The respective predictive cutoff values were constructed
according to the ROC curves of Cys C and Hcy for
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Figure 2 All-cause mortalities in three groups according to the triplicate of plasma
Cys C concentration both of AMI and UAP patients.
Notes: Group T1: 0.99 (range: 0.46–1.22) mg/L, group T2: 1.37 (range: 1.23–1.63)
mg/L, and group T3: 2.10 (range: 1.64–7.69) mg/L.
Abbreviations: AMI, acute myocardial infarction; Cys C, cystatin C; UAP, unstable
angina pectoris; T, tertile.
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discrimination between surviving and dead patients in
the AMI group (Figure 4). The AUC of Cys C was 0.892
(95% CI =0.836–0.948, P=0.0001) and the predictive cutoff
value for all-cause mortality was 1.815 mg/L (sensitivity
82.8%, specificity 86.4%). The AUC of Hcy was 0.904
(95% CI =0.849–0.958, P=0.0001) and predictive cutoff
value for all-cause mortality was 15.06 μmol/L (sensitivity
84.4%, specificity 83.1%).
According to the cutoff values of Cys C and Hcy, AMI
patients were divided into three groups: group 1 (Cys
C #1.815 mg/L and Hcy #15.06 μmol/L), group 2 (Cys
C .1.815 mg/L and Hcy #15.06 μmol/L or Cys C #1.815 mg/L
and Hcy .15.06 μmol/L), and group3 (Cys C .1.815 mg/L
and Hcy .15.06 μmol/L). The mortality rates were 10.7%
(6/56), 56.3% (9/16), and 86.2% (50/58), respectively, in
groups 1, 2, and 3 (P,0.0001). A further rise in mortality
was noted if the patients presented with two biomarkers
higher than the cutoff values derived from the ROC analysis
(group 3). This result implied that elevation of the biomarkers was helpful for discriminating the development of
all-cause death.

Discussion
The key findings of this study are as follows: 1) baseline
Cys C is a strong predictor of all-cause death and MACE in
elderly patients admitted with both AMI and UAP; 2) the predictive ability of Cys C in elderly AMI patients is far higher
than that in elderly UAP patients; 3) the predictive ability
of Cys C in elderly AMI patients increases with increasing
concentrations of Cys C; 4) the predictive ability of the
combined use of Cys C and Hcy in elderly AMI patients is
stronger than Cys C or Hcy alone; and 5) with the extension
of follow-up time, the effect of Cys C on prognosis is more
obvious in elderly AMI patients.
Accurate screening and assessment of the risk factors for
the long-term outcomes play a major role in AMI patients,
especially for very old patients. In recent years, a number
of large, randomized, controlled clinical trials have been
conducted. The GRACE20 study showed that eight factors
were predictors of death for ACS, wherein age was the most
powerful one. Some of our results were consistent with results
of the GRACE study; for example, the heart rate was higher,
and the SBP and the ejection fraction were lower in the AMI
group than those in the UAP group, so that the number of
all-cause deaths in the AMI group was higher than that in
the UAP group. However, since age was the most important
factor and all of the patients in our study were older than 80,
the GRACE scores were all higher than 140, and thus were
in the very high-risk group. Therefore, there is a need for
Clinical Interventions in Aging 2018:13
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Figure 3 Kaplan–Meier survival curves of long-term survival (A) and event-free survival (B) rates of three groups of AMI patients according to the tertile concentration of
plasma Cys C.
Notes: Group T1: 0.99 (range: 0.46–1.22) mg/L, and group T2: 1.37 (range: 1.23–1.63) mg/L.
Abbreviations: AMI, acute myocardial infarction; Cys C, cystatin C; T, tertile.

some new variables to further help the risk stratification for
death and MACE.
Some new biomarkers have showed improved GRACE
risk score prediction of clinical outcomes21–26 and some new
risk assessment tools incorporating new biomarkers for
cardiovascular events in ACSs have been created too.27–31
All of the improvements of these risk prediction tools were
mainly to improve the accuracy of the prognosis of ACS.
However, until now, there is no assessment tool for the
long-term prognosis of AMI patients over 80 years old.
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Figure 4 ROC curves of Cys C and Hcy for discrimination between surviving and
dead patients in AMI patients.
Abbreviations: AMI, acute myocardial infarction; Cys C, cystatin C; Hcy, homocysteine;
ROC, receiver operating characteristic.
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Our study suggests that, in addition to the traditional
factors in the GRACE score, plasma Cys C and Hcy are
independent risk factors for extremely long-term all-cause
mortality and MACE in elderly AMI patients, and their combined use resulted in better evaluation. There was a strong
positive relation between Cys C and Hcy.
DM is a traditional risk factor for poor prognosis of ACS.
Our study found that, although the proportion of DM in the
AMI group was similar to that in the UAP group, the fasting
blood glucose level in the AMI group was significantly higher
than that in the UAP group. These results indicated that firstly
AMI was a stressful condition, which may cause acute hyperglycemia; secondly, poor control of the blood glucose level
may aggravate poor prognosis in old AMI patients. Our results
were in agreement with another recent study that indicated
that blood glucose level on admission $160 mg/dL was an
independent predictor of mortality in ACS patients.32
The ratios of multivessel disease and coronary artery
severe stenosis in the AMI group were higher than those in
UAP patients. In the real world, for elderly AMI patients, the
ratio of partial revascularization is higher than total revascularization, and the number of implanted stents was relatively
less. During the procedure of PCI, as the critical artery, LAD
was more often chosen as the target vessel and implanted
stents. Similarly, the proportion of CABG remained low in
the selection of revascularization strategy in elderly AMI
patients, which may be related to the prevalence of more
cardiovascular risk factors in very old patients.
Plasma Cys C concentrations in the AMI group were
significantly higher than that of the UAP or the control group,
and no significant difference was found between the latter two
groups, although coronary artery stenosis was severe in the
submit your manuscript | www.dovepress.com
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UAP group. In this study, the level of Cys C in the control
group was significantly higher than that in 60-year-old AMI
and stable coronary heart disease patients.33–35
These results suggest that in the elderly population, the
plasma Cys C level generally increased, but there was no obvious correlation between the severity of coronary artery stenosis
and the Cys C level. Cys C was associated with coronary plaque
instability. When AMI occurred, due to coronary plaque rupture, local inflammatory factors and platelets were activated,
and the Cys C level increased quickly. This may explain why
Cys C was closely related with AMI, and more obvious in the
elderly population. However, the causal relationship between
the two aspects needs to be confirmed by further study.
Previous studies of our group found that Cys C was an
independent risk factor for prognosis in old ACS patients with
DM18 and Hcy was an independent risk factor for prognosis
in old ACS patients. In this study, the study population was
further refined and the follow-up time was extended. The
results showed that the predictive ability for all-cause death
and MACE of Cys C in old AMI patients was far higher
than that in old UAP patients and the predictive ability of
Cys C increased with increasing concentration of Cys C in
old AMI patients. Hcy was also an independent risk factor
for all-cause death and MACE in old AMI patients. The
combined use of Cys C and Hcy improved the accuracy for
long-term outcomes evaluation.
This study analyzed the incidences of all-cause death,
cardiovascular death, and non-cardiovascular death among
the three groups. The results showed that not only all-cause
death but also death from cardiovascular versus non-cardiovascular causes of the AMI group was twice as high as those
of the UAP and control groups. More patients in the AMI
group died of cardiovascular disease with direct risk factors.
Our results were also significantly higher than a recent large
scale study (wherein the 10-year all-cause mortality rate in
Chinese AMI patients was 44.7%).36

Limitations
This study had several limitations that should be discussed.
The first is sample size. Although our study enrolled over
800 very old patients, the AMI groups contained only
135 patients; additional validation in the AMI group with
larger samples might be needed. The second limitation is that
our study was based on a single center registry that offered
observational data on nonrandomized patients. The third
limitation is that this study analyzed systolic function only;
we did not collect diastolic function data.
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Conclusion
Baseline Cys C is a strong independent predictor of long-term
all-cause death and MACE in very old patients admitted with
both AMI and UAP; the predictive ability of Cys C in very
old AMI patients increases with increasing concentrations
of Cys C; the combined use of Cys C and Hcy improves the
predictive accuracy in very old AMI patients. Cys C and Hcy
may thus represent novel biomarkers for long-term outcomes
in very old AMI patients.
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