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Association of Age and CKD with Prognosis of
Myocardial Infarction
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Myung Ho Jeong,*† Young Jo Kim,‡ Myeong Chan Cho,§ Chong Jin Kim,| Soo Wan Kim,* and the Korea Acute
Myocardial Infarction Registry Investigators

Summary
Background and objectives CKD is a well known poor prognostic factor in myocardial infarction (MI). This study
evaluated the prognostic signiﬁcance of CKD, particularly in association with increasing age, in MI patients.
Design, setting, participants, & measurements This study was based on a retrospective cohort, the Korean Acute
Myocardial Infarction Registry. Patients with a discharge diagnosis of MI were analyzed to investigate the
association of CKD with mortality risk according to age. A total of 11,268 patients (mean age 63.0612.6 years)
were included and followed for 1 year.
Results In the full cohort, 26% of patients had CKD (n=2929). The prevalence of CKD was higher with advancing
age. Eight hundred sixty-one patients (7.6%) died and the interaction for 1-year mortality between age strata and
estimated GFR (eGFR) strata was signiﬁcant (P,0.001). Within each age category, the absolute 1-year mortality
was higher in patients with a low eGFR. However, the adjusted relative mortality risk for a low eGFR was lower
with increasing age (adjusted hazard ratio [95% conﬁdence interval] for 1-year mortality at eGFR ,30 ml/min
per 1.73 m2: 4.84 [1.93212.15], 4.53 [2.4228.47], 3.51 [2.4225.09], and 3.30 [2.4124.52] for patients aged ,55,
55264, 65274, and $75 years compared with those with eGFR $60 ml/min per 1.73 m2, respectively).
Conclusions For all age categories, the overall mortality was signiﬁcantly higher as eGFR declined. The
association of a lower eGFR with mortality was weaker with increasing age, indicating that the prognostic
signiﬁcance of CKD in MI patients is age dependent.
Clin J Am Soc Nephrol 8: 939–944, 2013. doi: 10.2215/CJN.06930712

Introduction
CKD is well known as a poor prognostic factor in
myocardial infarction (MI) (1,2), and the prevalence of
CKD, deﬁned as an estimated GFR (eGFR) ,60 ml/
min per 1.72 m2, is markedly higher in the elderly
population (3,4). The high incidence of CKD in elderly individuals may be attributed to several comorbidities associated with age, and to age-related
changes in kidney function and anatomy (5,6). Recently, it has been suggested that the clinical signiﬁcance of a patient’s CKD stage might vary with age
(7,8). O’Hare et al. reported that, in the general population, the effect of CKD on mortality declined with
advancing age, and that mortality risk stratiﬁcation in
an elderly population should not be based on the same
eGFR cutoff points as for a young population (7).
Increased life expectancy is contributing to a steady
growth in the elderly population; consequently, more
elderly patients are presenting to hospitals with MI
(9). Although many elderly MI patients have CKD in
the clinical setting, little is known about the prognostic signiﬁcance of a low eGFR in this population.
Given the powerful prognostic effect of CKD in MI
patients, it needs to be demonstrated whether
www.cjasn.org Vol 8 June, 2013

advancing age inﬂuences the effect of CKD on the
prognosis of MI, before CKD staging is implemented
in MI patients regardless of age.
In this study, we compared the prevalence and
clinical outcome of CKD according to age, and
assessed whether the association of CKD and survival
in patients with MI was age dependent.
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Materials and Methods
Korean Acute Myocardial Infarction Registry
The study population was derived from the Korean
Acute Myocardial Infarction Registry (KAMIR). KAMIR
is a Korean prospective, open, observational, multicenter online registry that has been investigating the
risk factors for mortality in MI patients since November 2005. The 52 hospitals with facilities for primary
percutaneous coronary intervention (PCI) participated
and enrolled patients who agreed to participate in this
registry. Before the initiation of KAMIR, several investigator meetings were held and a practical steering
committee was selected from the major hospitals enrolled. The committee’s task was to standardize the
care given in clinical practice, as well as the study
Copyright © 2013 by the American Society of Nephrology
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protocol, in order to minimize the differences in medical
care among the different hospitals and across the different
time periods. Data were collected at each site by a trained
study coordinator using a standardized case report form.
Data were registered and submitted from individual institutions via password-protected Internet-based electronic
case report forms. The study protocol was approved by
the ethics committee at each participating institution. Clinical follow-up was performed for 12 months. Patients were
required to visit the outpatient clinic at the end of the ﬁrst
month, 6 months and 12 months after discharge, and when
angina-like symptoms occurred.
Patient Population and Renal Function Assessment
We assessed a cohort of 13,898 consecutive patients who
were admitted to the hospital between November 1, 2005
and July 31, 2008, and had a discharge diagnosis of MI. MI
was diagnosed on the basis of a characteristic clinical
presentation, serial changes on an electrocardiogram suggesting infarction or injury, and an increase in cardiac
enzyme levels (10). From this cohort, 1229 patients (8.8%)
for whom GFR could not be estimated and 1401 patients
(10.0%) whose 12-month survival was unknown were excluded. A ﬁnal population of 11,268 patients was analyzed
in this study. The level of creatinine was measured at the
time of presentation to the hospital, and renal function was
assessed based on the estimation of GFR. eGFR was calculated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation as follows: ml/min per
1.73 m2 = 1413 minimum (creatinine/k, 1)a 3 maximum
(creatinine/k, 1)–1.209 3 0.993age 3 1.018 (if female) 3 1.159
(if black), where k is 0.7 for women and 0.9 for men and a
is –0.329 for women and –0.411 for men (11). We used a
modiﬁed National Kidney Foundation classiﬁcation of
CKD to divide eGFR into the following ranges: at least
60 ml/min per 1.73 m2, 45–59 ml/min per 1.73 m2, 30–
44 ml/min per 1.73 m2, and ,30 ml/min per 1.73 m2 (12).
Individuals corresponding to CKD stages 4 and 5 were
combined because there were relatively few patients in
this category. CKD was deﬁned as an eGFR ,60 ml/min
per 1.73 m2.
Variables
Baseline variables included age, sex, body mass index
(BMI), several coronary risk factors—hypertension (HTN),
diabetes mellitus (DM), ischemic heart disease (IHD), hyperlipidemia, and current smoking—and Killip class. Left
ventricular ejection fraction (LVEF) was checked by twodimensional echocardiography. Use of certain medications
at any time during the in-hospital period was recorded:
aspirin, clopidogrel, anticoagulation, b-blockers, angiotensinconverting enzyme (ACE) inhibitors, angiotensin receptor
blockers (ARBs), and statins.
Statistical Analyses
We divided the patients into four groups according to
their age: ,55, 55–64, 65–74, and $75 years. Continuous
variables with normal distributions are presented as
means 6 SDs and were compared using one-way ANOVA.
Pearson’s chi-squared test or Fisher’s exact test was used
to evaluate differences among categorical variables. Cox

proportional hazards regression analyses were performed
to evaluate the prognostic signiﬁcance of CKD for mortality
in MI patients. The confounders analyzed in this study include age, sex, BMI, comorbidities (HTN, DM, IHD, hyperlipidemia, and smoking status), Killip class, diagnosis of
ST-elevation MI (STEMI) versus non-STEMI (NSTEMI),
PCI, and medical treatments during hospitalization. The
interaction between age strata and eGFR strata was assessed by entering the interaction term in a Cox proportional hazards model. The covariates were the same as
above and age and eGFR were analyzed as strata. All statistical tests were two tailed, and a P value ,0.05 was considered signiﬁcant. Statistical analysis was performed using
the Statistical Package for Social Sciences software (version
18.0; SPSS, an IBM Company, Armonk, NY).

Results
A total of 11,268 patients (mean age 63.0612.6 years;
men, 71.0%) were included in this study. Of these, 2929
patients (26%) had CKD, deﬁned as eGFR ,60 ml/min per
1.73 m2. Table 1 describes the demographics and clinical
features according to the age category. With increasing
age, patients had a lower BMI and were more likely to
be women; the incidence of HTN, DM, and history of IHD
was higher, whereas that of hyperlipidemia and smoking
history was lower. On arrival at the hospital, older age
was associated with lower BP, lower LVEF, and higher
Killip class. The proportion of patients with NSTEMI
was higher, and PCI was less frequently performed with
increasing age. With regard to in-hospital medications,
older patients were less likely to receive antiplatelet
agents, b-blockers, ACE inhibitors or ARBs, and statins.
As expected, eGFR tended to decrease and the prevalence of CKD increased with advancing age (Table 1). Figure 1 shows the 1-year mortality according to age and
eGFR category. Eight hundred sixty-one patients (7.6%)
died and the overall mortality was higher with increasing
age (2.0%, 4.0%, 8.9%, and 17.9% for patients aged ,55
years, 55264 years, 65274 years, and $75 years, respectively; P,0.001). In all age categories, the overall mortality
increased signiﬁcantly as eGFR declined (P,0.001 for all
age categories).
We performed an interaction test to investigate whether
increasing age was associated with the risk of death in MI
patients in each eGFR category. The interaction between
age strata and eGFR strata was signiﬁcant in adjusted Cox
proportional models for 1-year death (P,0.001). In unadjusted Cox proportional analysis, the relative risk for death
increased proportionally as eGFR decreased regardless of
age category (Table 2). After adjustment for baseline characteristics, clinical features, and hospital management, the
relative risk for death was still signiﬁcantly associated
with decreasing eGFR in all age categories. Although the
absolute 1-year mortality was higher at lower eGFR with
each age category, the adjusted relative mortality risk for
lower eGFR decreased with increasing age (Figure 1 and
Table 2). For instance, compared with people with an
eGFR .60 ml/min per 1.73 m2, the relative risk for death
among people with an eGFR ,30 ml/min per 1.73 m2 decreased with increasing age (hazard ratio [95% conﬁdence
interval]: 4.84 [1.932 12.15], 4.53 [2.422 8.47], 3.51
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Table 1. Baseline characteristics and clinical features of patients according to age category

Age (yr)
Men (%)
BMI (kg/m2)
Past History
HTN
DM
IHD
Hyperlipidemia
Smoking
Initial presentation
SBP
DBP
HR
Killip class
LVEF (%)
Diagnosis
STEMI
NSTEMI
PCI
In-hospital mediation
Aspirin
Clopidogrel
Anticoagulation
b-blocker
ACE inhibitor or ARB
Statin
Prevalence of CKD (ml/min per 1.73 m2)
mean eGFR
eGFR $60
eGFR 45259
eGFR 30244
eGFR ,30

,55 yr
(n=3034)

55264 yr
(n=2699)

65274 yr
(n=3329)

$75 yr
(n=2206)

P Value

46.766.0
2771 (91.4)
25.163.5

59.762.9
2134 (79.2)
24.363.1

69.562.9
2061 (62.0)
23.663.2

79.764.0
1032 (46.8)
22.563.6

,0.001
,0.001
,0.001

1041 (34.4)
601 (19.9)
325 (10.7)
357 (11.8)
2429 (80.5)

1282 (47.6)
800 (29.7)
424 (15.7)
304 (11.3)
1678 (62.5)

1869 (56.4)
1111 (33.5)
617 (18.6)
282 (8.5)
1605 (48.5)

1259 (57.3)
631 (28.7)
441 (20.1)
142 (6.5)
823 (37.6)

,0.001
,0.001
,0.001
,0.001
,0.001

130628
82625
78622
1.360.7
53611

129629
79617
77623
1.460.8
52612

128629
77616
77621
1.560.9
51613

126631
75618
79623
1.761.0
49613

,0.001
,0.001
0.03
,0.001
,0.001
,0.001

1949 (64.2)
1085 (35.8)
2619 (86.5)

1617 (59.9)
1082 (40.1)
2309 (85.7)

1864 (56.0)
1465 (44.0)
2774 (83.5)

1198 (54.3)
1008 (45.7)
1664 (75.6)

,0.001

2990 (99.1)
2923 (96.9)
2294 (76.0)
2303 (76.3)
2467 (81.7)
2298 (76.1)

2650 (98.7)
2583 (96.5)
2095 (78.0)
1984 (73.9)
2152 (80.1)
1996 (74.3)

3268 (98.7)
3193 (96.4)
2628 (79.4)
2435 (73.5)
2666 (80.5)
2411 (72.8)

2157 (98.1)
2091 (95.1)
1718 (78.2)
1489 (67.7)
1710 (77.8)
1512 (68.8)

0.03
0.01
0.01
,0.001
0.01
,0.001

88.3622.2

77.8621.1

67.7622.3

57.4621.0

,0.001
,0.001

2798 (92.2)
129 (4.3)
32 (1.1)
75 (2.5)

2241 (83.0)
284 (10.5)
76 (2.8)
98 (3.6)

2255 (67.7)
597 (17.9)
249 (7.5)
228 (6.8)

1045 (47.4)
526 (23.8)
402 (18.2)
233 (10.6)

Data are presented as n (%) or mean 6 SD. BMI, body mass index; HTN, hypertension; DM, diabetes mellitus; IHD, ischemic heart
disease; SBP, systolic BP; DBP, diastolic BP; HR, heart rate; LVEF, left ventricular ejection fraction; STEMI, ST-segment elevation
myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention; ACE,
angiotensin-converting enzyme; ARB, angiotensin receptor blocker; eGFR, estimated GFR.

[2.4225.09], and 3.30 [2.4124.52] for patients aged ,55,
55264, 65274, and $75 years, respectively). With the exception of eGFR 45259 ml/min per 1.73 m2 in patients
aged ,55 years, the relative risk for death with CKD
tended to decrease with increasing age.

Discussion
In this study, in all age categories, the overall mortality
increased signiﬁcantly as eGFR declined. However, the
relative mortality risk associated with a low eGFR decreased with increasing age, suggesting that the association
of low eGFR with mortality was weaker in older patients.
In contrast to most previous studies that focused on the
association of CKD with mortality in MI patients (1,2), our
data revealed that the prognostic signiﬁcance of CKD in
MI patients is age dependent.
Current guidelines apply the same CKD criteria without
taking age into account, and consider that CKD is present

when the patient’s eGFR is ,60 ml/min per 1.73 m2 (12).
However, the aging kidney undergoes structural and functional changes that lead to a decline of kidney function
(5,6), and a decreased eGFR is a common ﬁnding in the
elderly population (13). Our study also showed that the
prevalence of CKD, deﬁned as eGFR ,60 ml/min per 1.72
m2, is higher in older patients; this raises questions about
current risk stratiﬁcation based on the same CKD criteria
regardless of a patient’s age.
In this study, which was conducted in a cohort of 11,268
MI patients, comorbid conditions such as HTN, DM, and
IHD were more prevalent among older patients. Indeed,
older patients were less likely to receive evidence-based
medications and reperfusion therapy, even though there is
convincing evidence, obtained mainly through randomized
controlled trials, to suggest that those treatments improve
survival after MI. These age-related patterns are concordant with previous reports and may explain the high
mortality in older patients (14–16).
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Figure 1. | One-year mortality according to age and eGFR category. eGFR, estimated GFR.

The lower relative risk of death attributable to CKD in
older patients might reﬂect a higher overall mortality and a
higher prevalence of comorbid conditions in older patients,
which could minimize the effect of a single variable, such as
CKD, on mortality. Previous studies have reported the
association of eGFR with survival according to age groups
in the general population (7,8). Raymond et al. reported
that, within CKD stages, the relative risk of death decreased as age increased, and that people aged $75 years,
with an eGFR of 45259 ml/min per 1.73 m2—who represent 41% of this age group—have no increased relative risk
of mortality (8). Similarly, O’Hare et al. reported that the
association of eGFR with mortality was weaker in elderly
individuals than in younger age groups, whereas a moderate reduction in eGFR (50259 ml/min per 1.73 m2) was
not associated with an increased relative risk of mortality
in people aged $65 years (7). Our ﬁndings are consistent
with those of previous studies in terms of the attenuated
relative risk for death associated with eGFR with increasing age; however, the statistical signiﬁcance of the association between a moderate reduction in eGFR category
(eGFR 45259 ml/min per 1.73 m2) and mortality persisted
among older patients. In contrast to previous studies, our
study analyzed an MI population, not a general population, and features of this high-risk population might inﬂuence the effect of CKD on mortality. In addition, the

CKD-EPI equation was used to estimate GFR in this study,
in contrast with previous studies, which used the Modiﬁed
Diet in Renal Disease (MDRD) study equation. It has been
well recognized that the MDRD study equation underestimates eGFR for participants with a measured GFR approximately 60 ml/min per 1.73 m2 (17,18). This might
attenuate the clinical signiﬁcance of a moderate reduction
in eGFR (eGFR 45259 ml/min per 1.73 m2) by including
more patients in this category compared with when using
the CKD-EPI equation.
Although the relative risk of death for decreased eGFR is
lower in older patients than in younger patients, the
absolute difference in mortality risk among each eGFR
categories is greater in the older age patients. In addition,
the adjusted hazard ratio is still .3.0 for eGFR ,30 ml/
min per 1.73 m2 in the oldest group. Therefore, CKD is
still an important risk factor to consider even in the oldest
patients.
This study has several limitations. Although we adjusted
for multiple confounding factors, it is possible that some
unmeasured confounders remained. Second, assessment of
kidney function was based on a single serum creatinine
value obtained at the time of presentation to the hospital.
This value could have been affected by the hemodynamic
or metabolic status and may have included individuals
with AKI whose eGFR was not estimated at equilibrium.
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Table 2. Cox proportional analysis for 1-year mortality by eGFR in each age category

eGFR (ml/min
per 1.73 m2)
Unadjusted model
$60
45259
30244
,30
Adjusted modela
$60
45259
30244
,30
Death

,55 yr
(n=3034)

55264 yr
(n=2699)

65274 yr
(n=3329)

$75 yr
(n=2206)

1 [Reference]
2.51 (1.0026.33)
10.73 (4.25227.05)
6.90 (3.25214.65)

1 [Reference]
4.72 (2.9127.65)
9.93 (5.45218.10)
12.79 (7.74221.14)

1 [Reference]
2.37 (1.7423.23)
5.47 (3.9727.54)
7.14 (5.2729.68)

1 [Reference]
1.76 (1.3222.36)
3.36 (2.5724.39)
5.15 (3.8826.83)

1 [Reference]
1.87 (0.7025.00)
5.04 (1.64215.51)
4.84 (1.93212.15)
62 (2.0)

1 [Reference]
2.49 (1.4724.21)
3.76 (1.8927.49)
4.53 (2.4228.47)
108 (4.0)

1 [Reference]
1.92 (1.3922.65)
2.85 (1.9824.11)
3.51 (2.4225.09)
297 (8.9)

1 [Reference]
1.62 (1.2022.19)
2.53 (1.9023.37)
3.30 (2.4124.52)
394 (17.9)

P for
Interaction
,0.001

,0.001

Data are presented as hazard ratios (95% conﬁdence intervals) or n (%). eGFR, estimated GFR; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction.
a
Analyzed confounders included age, sex, body mass index, comorbidities (hypertension, diabetes mellitus, ischemic heart disease,
hyperlipidemia, smoking status), Killip class, diagnosis (STEMI versus NSTEMI), percutaneous coronary intervention, and medical
treatments during hospitalization.

Third, only 62 deaths in 12 months were observed in
patients aged ,55 years; hence, the large conﬁdence interval and the lack of precision of point estimation should
be allowed for in any interpretation.
In conclusion, the prevalence of CKD increased dramatically in older patients, whereas overall mortality increased
with advancing age. Although the relative risk for death
increased in proportion to the decrease in eGFR, within
each CKD category, the association of decreasing eGFR
with the relative risk for death was weaker in older
patients.
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