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THE EFFECTS OF RENAL INSUFFICIENCY AND
AGE ON MORTALITY IN GERIATRIC PATIENTS
WITH NON-ST-SEGMENT ELEVATION
MYOCARDIAL INFARCTION

AsstracT

Objectives: Although renal insufficiency is associated with high mortality in
patients with acute coronary syndrome, studies have often excluded patients
of advanced age who have renal insufficiency. The present study aimed to
determine the relationship between renal insufficiency and mortality predictors
in patients with non-ST-segment elevation myocardial infarction (NSTEMI) who
were aged 65 and older.

Methods: The study included 537 NSTEMI patients aged 65 years and
over, who were followed up for at least 12 months, who were admitted to the
hospital with the diagnosis of NSTEMI and underwent coronary angiography.
Sociodemographic and clinical features, laboratory parameters, and clinical
evaluation variables were recorded at the time of admission. The patients
were divided into four groups according to their ages and creatinine clearance
values.

Results: The mean age of the patientswas 76.17 + 6.64 years, and 256 (47.7%)
of them were women. According to the applied multivariate age-stratified Cox
regression analysis, independent predictors of one-year mortality were found
to be creatinine clearance (p=0.005), left ventricular ejection fraction (p<0.001),
and coronary revascularization (p=0.004).

Conclusion: Creatinine clearance, left ventricular ejection fraction, and
coronary revascularization are robust and independent predictors of one-year
mortality in NSTEMI patients.

Keywords: Non-ST Elevated Myocardial Infarction; Renal Insufficiency;
Mortality; Acute Coronary Syndrome.
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INTRODUCTION

Non-ST segment elevation myocardial infarction
(NSTEMI) is one of the leading causes of mortality
and morbidity in patients aged 65 years and old-
er, and these numbers are increasing daily (1, 2).
Although there is a decrease due to improvements
in reperfusion technology and pharmacology, this
patient group’s mortality rate is heightened by their
tendency toward ischemia and bleeding and in-
creased frequency of comorbidities (3). Currently,
the limited number of studies investigating mortal-
ity predictors in NSTEMI patients and the narrow
inclusion criteria for patients in this research hinders
the ability to generalize these studies’ results to a
patient population in clinical practice (1, 4, 5).

Renal insufficiency (RI) is quite common in hos-
pitalized patients with acute coronary syndrome
(ACS) and affects 43% of patients diagnosed with
NSTEMI (6). The prevalence of Rl increases with
age, and arrhythmia and cardiovascular diseases
are the leading causes of death in these patients (7).
Recent studies have shown that when compared to
younger patients, NSTEMI patients who are older
than 75 years of age have more significant absolute
risk reduction in terms of mortality and morbidity
when appropriate follow-up and treatment strate-
gies are applied (8). Nonetheless, the number of
studies investigating the validity of this condition
is limited since elderly NSTEMI patients with Rl are
more vulnerable and the pharmacokinetic proper-
ties of the medications are varied (9, 10). While a
significant number of studies dealing with this issue
in Turkey show that Rl may be a predictor for mortal-
ity (11-13), there are studies showing the opposite
(14-16). However, very few of these studies seem to
focus on geriatric patients (11, 17). For this reason, it
would be useful to investigate the relationship be-
tween Rl and mortality in this patient group that is
likely to benefit from treatment. This study aimed
to investigate the effect of Rl on patients who had
been hospitalized due to NSTEMI and were over
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the age of 65 in order to determine the predictors
of mortality in a one-year follow-up.

MATERIAL AND METHODS
Patient population

The current study’s sample consisted of patients
aged 65 years or older who were admitted to the
hospital and diagnosed with NSTEMI and were per-
formed coronary angiography between 2016 and
2020. The study was planned as an observational
report of routine clinical practice. In accordance
with the inclusion and exclusion criteria, the study
included patients who were undergoing coronary
angiography and were treated according to the rec-
ommended guidelines and clinical approach. The
patients’ diagnoses and treatments were made in
accordance with the current guidelines (1, 4). The
study included patients who were older than 65
years of age and who had been diagnosed with
NSTEMI and underwent coronary angiography.
Patients younger than 65 years of age, who lacked
troponin elevation or had proven troponin elevation
due to other causes, and who had malignancies, pri-
mary arrhythmia, cardiogenic shock, cardiac arrest,
a history of coronary bypass, or severe heart valve
disease were excluded from the study. As a result,
of the 593 patients who met the inclusion criteria,
56 were excluded, and a total of 537 patients with
NSTEMI were included in the study. The approval
for the study was obtained from the local ethics
committee, and each stage of the study was carried
out in accordance with the Helsinki Declaration.

Study Design and Clinical Evaluation

The study was designed as multicenter and pro-
spective. Erzurum Regional Training and Research
Hospital/Erzurum and Ministry of Health, 29 Mayis
State Hospital/Ankara participated in the study.
Patients meeting the inclusion criteria were diag-
nosed with NSTEMI according to current guidelines,
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and coronary angiography was applied appropriately (1,
4). Patients who met the exclusion criteria or did not meet
the inclusion criteria were excluded at this stage. The pa-
tients’ sociodemographic characteristics, echocardiog-
raphy and electrocardiography records, medical history,
angiography images, and laboratory parameters were re-
corded. After the participants were treated according to
the appropriate guidelines, they were followed up for at
least 12 months (Mean+SD: 543.25+232.39 days, Median:
562 days). Patients were followed up by medical records
or telephone. Patients for whom information could not be
obtained were excluded from the study. The data record-

ed in the dataset were statistically analyzed.

The centers participating in the study met the
quality assessment criteria for the accuracy of lab-
oratory measurements and follow-up of clinical lab-
oratory measurement results. Routine biochemical
and hematological tests of the participants were
performed during their hospitalizations. Echocar-
diographic examinations of the patients were per-
formed using the Vivid 7 (General Electric-Vingmed,
Milwaukee, WI, USA) device, and left ventriculary
ejection fraction (LVEF) measurements were made
according to the modified Simpson’s method.
During follow-up of the patients, GRACE risk cal-
culations were performed by the clinician who per-
formed the follow-up. The coronary angiography
images of the patients were examined, and SYN-
TAX and Gensini scores were calculated by two ex-
perienced cardiology specialists. The patients who
were treated by coronary bypass or percutaneous
methods after coronary angiography were defined
as patients who underwent coronary revasculariza-
tion. Creatinine clearance (CrCl) levels were calcu-
lated using the Cockroft-Gault equation. For the
purposes of this study, patients were divided into
four categories: those who were 65-74 years of age
and had CrCl levels of = 60 ml/min; those who were
65-74 years of age and had CrCl levels of < 60 ml/
min; those who were > 75 years of age and had
CrCl levels of = 60 ml/min; and those who were >
75 years of age and had CrCl levels of < 60 ml/min.

Follow-up controls were planned at the end of one
month and one year. In cases of insufficient data,
national or hospital records were used.

Statistical Analyses

The descriptive analyses were presented as
numbers and percentages for categorical variables
and as means and standard deviations for contin-
uous variables. The Pearson Chi-square test was
used to evaluate the categorical data from the
group comparison. After the assessment of the
parametric assumptions in the comparison of con-
tinuous variables, one-way ANOVA and Tukey tests
were used in post-hoc analysis. Kaplan-Meier plots
were used to compare survival rates between the
four groups. Then, in order to show the differences
in hazard between the age groups, a stratified Cox
regression model approach was used. Hazard ratios
(HR) and associated 95% Confidential Intervals (Cl)
were presented to show the differences in mortality
risk between the age groups. Special relationships
between the potential predictors and survival were
tested by using a univariate stratified Cox regres-
sion. Variables that were statistically significant in
univariate analyses were included in the multivariate
models. Only existing variables were considered to
be potential predictors. “Survival probability” was
calculated for each patient, and its relationship with
mortality predictors was examined by using the
stratified Cox regression model. Statistical analyses
of the data were performed using SPSS version 22
software (SPSS, Inc., Chicago, IL). A value of p < 0.05
was considered statistically significant.

RESULTS

The mean age of the patients was 76.17 + 6.64
years. At least 281 (52.3%) of the participants were
male and 256 (47.7%) were female. In 101 (43.5%)
of the 232 (43.2%) patients aged 65-74, CrCl lev-
els were < 60 ml/min, and in 131 (56.5%) patients,
CrCl levels were = 60 ml/min. By comparison, in 256
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(83.9%) of the 305 (56.8%) patients aged 75 years
and older, CrCl levels were < 60 ml/min, and in 49
(16.1%) patients, CrCl levels were = 60 ml/min. Table
1 presents the comparison of the clinical features of
the participants in the four study groups. Accord-
ingly, we found statistical differences between the
groups in terms of age (p < 0.001), gender (p <
0.001), smoking (p = 0.001), diabetes mellitus (p =
0.001), hypertension (p < 0.001), atrial fibrillation (p
< 0.001), coronary artery disease (p < 0.001), per-
cutaneous coronary intervention history (p < 0.001),
and stroke history (p < 0.001). Statistical differences
between the four groups were also found in ST-seg-
ment deviation (p = 0.034), coronary revasculariza-
tion (p = 0.014), LVEF (p = 0.028), and GRACE scores
(p < 0.001). After patients were discharged, statis-
tically significant differences were found between
the groups’ use of warfarin (p < 0.001), new oral
anticoagulant (p < 0.001), renin-angiotensin system
blockers (p = 0.031), Beta-blockers (p = 0.008), and
statin (p = 0.002). In addition, we found statistically
significant differences between all causes of mortal-
ity, one-month follow-up (p = 0.016), and one-year
follow-up (p < 0.001).

Mortality predictors for elderly NSTEMI patients
were examined using the age-stratified Cox regres-
sion model (Table 2). In the univariate model, the
differences between ST-segment deviation (HR:
1.973, 95% Cl: 0.1.349-3.428, p = 0.004), coronary
revascularization (HR: 0.492, 95% ClI: 0.308-0.786,
p = 0.003), CrCl (HR: 0.963, 95% Cl: 0.948-0.977, p
< 0.001), LVEF (HR: 0.921, 95% ClI: 0.900-0.943, p <
0.001), hemoglobin (HR: 0.841, 95% Cl: 0.740-0.956,
p = 0.008), and SYNTAX scores (HR: 1.029, 95% Cl:
1.007-1.052, p = 0.010) were found to be statistical-
ly significant. In the multivariate stratified Cox re-
gression model, the differences between coronary
revascularization (HR: 0.447, 95% Cl: 0.258-0.776, p
= 0.004), CrCl (HR: 0.973, 95% ClI: 0.954-0.991, p =
0.005), and LVEF (HR: 0.944, 95% Cl: 0.919-0.970, p
< 0.001) were statistically significant (-2 Log Likeli-
hood: 578.438). Figure 1 and Figure 2 present the
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relationships between each patient’s survival prob-
ability (calculated by multivariate stratified Cox
regression analysis) and age, diabetes mellitus,
gender, CrCl, hemoglobin, LVEF, coronary revas-
cularization, ST-segment deviation, and SYNTAX
scores. Figure 3 shows the one-year survival prob-
ability curves according to the creatinine clearance
(Adjusted to: age, gender, ST segment deviation,
revascularization, LVEF, hemoglobin, diabetes mel-
litus and SYNTAX).

DISCUSSION

The most prominent finding from the current study,
which examined the relationship between renal
failure and one-year mortality rates for all causes in
NSTEMI patients aged 65 years and older, was that
CrCl, LVEF, and coronary revascularization are inde-
pendent predictors of one-year mortality, regard-
less of age. We believe that the results of our study
are important since they may be instructive for pre-
dicting mortality in patients with NSTEMI aged 65
and over.

A number of atherosclerotic processes are ac-
tivated due to the disruption of vascular elasticity,
changes in coagulation and hemostasis mecha-
nisms, endothelial dysfunction, and changes in re-
generation capacity with aging or the addition of
comorbidities. Moreover, an increasing majority of
patients with ACS consist of patients aged 65 and
older (18). These individuals are at a high risk of
experiencing ischemic events and bleeding due to
their higher rates of comorbidities. Although treat-
ment guidelines recommend that elderly patients
should be approached in a similar way to that of
young patients, there are limited data regarding
risk and treatment management for these patient
groups since they are excluded in most randomized
trials (5, 19). In elderly patients, admission to the
hospital and diagnosis are delayed due to atypi-
cal symptoms, and interventional or strong anti-
aggregant treatments are performed less than in
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Table 1. Baseline characteristics of study subjects according to age and CrCl.

Variable Patients aged 65-74 years (n=232) Patients aged 275 years (n=305) P-Value
CrCl Groups Cr§|<60 Cr§|260 Cr§|<60 CrCilZéO
(n=101) (n=131) (n=256) (n=49)

Age (years) (Mean+SD) 70.94+2.53 69.48+2.71" 81.29+4.88™* 78.10+£3.027# <0.001
Gender (female) 47 (46.5%) 35 (26.7%)" 157 (61.3%)* 17 (34.7%)E <0.001
Current Smoke 15 (14.9%) 31(23.7%) 4 (10.5%)* 4(8.2%)* 0.001
Diabetes Mellitus 43 (42.6%) 29 (22.1%)" 0 (35.2%)* 9 (18.4%)f 0.001
Hypertension 86 (85.1%) 73 (55.7%)" 187 (73.0%)* 35(71.4%)" <0.001
Atrial Fibrillation 20 (19.8%) 7 (5.3%) 76 (29.7%)" 8 (16.3%)* <0.001
Prior CAD 60 (59.4%) 30 (22.9%)" 118 (46.1%)* 21 (42.9%)* <0.001
Prior PCI 40 (39.6%) 4(3.1%) 52 (20.3%)"* 8 (16.3%)™ <0.001
Prior Stroke 0(0) 1(0.8%) 21 (8.2%)* 0(0)f <0.001
ST segment deviation 28 (27.7%) 29 (22.1%) 13 (26.5%)* 92 (35.9%) 0.034
Coronary Revascularization 75 (74.6%) 99 (75.6%) 157 (61.3%)"* 32 (65.3%) 0.014
LVEF (%) (mean+SD) 49.23+10.29 51.14+8.56 50.18+9.67 53.91+8.20 0.028
SYNTAX Score (mean+SD) 10.36+8.77 11.58+8.59 11.57£11.27 11.24+£9.73 0.802
Grace Score (mean=SD) 130.08+17.61 120.36+13.30" 147.31+22.79* 129.09+17.75¢F <0.001
Gensini Score (mean+SD) 27.07+18.21 30.22+17.72 32.11+25.88 23.87+18.27 0.123
Hemoglobin (mean+SD) 12.30+£2.02 13.73+2.09" 12.24+1.65" 14.07+1.49"F <0.001
Creatinine (mean+SD) 1.77+£1.25 0.98+0.19" 1.38+0.68"* 0.96+0.18"f <0.001
Creatinine clearance (mean+SD) 44 .43+12.66 77.91+13.56" 44.09+10.77* 68.16+6.82°#F <0.001
Discharge Medications
Acetyl Salicylic Aside 81 (80.2%) 119 (90.8%) 211 (82.4%) 41 (83.7%) 0.104
Clopidogrel 81 (80.2%) 104 (79.4%) 205 (80.1%) 36 (73.5%) 0.763
Warfarin 24 (23.8%) 10 (7.6%)" 24 (9.4%)" 2 (4.1%) <0.001
New oral anticoagulant 4 (4.3%) 0 44 (190%)"* 8 (24.2%)™* <0.001
RAS blockers 63 (62.4%) 82 (62.6%) 186 (72.7%)* 27 (55.1%)* 0.031

Beta-Blockers 84 (83.2%) 115 (87.8%) 238 (93.0%)" 39 (79.6%)* 0.008

Statin 57 (56.4%) 104 (79.4%)" 165 (64.5%)* 33 (67.3%) 0.002

Hospitalization days (mean=SD) 6.78+6.90 6.54+7.38 6.94+5.58 4.95+3.40 0.229

One-month mortality 8 (7.9%) 1(0.8%)" 1(4.3%) 00" 0.016
One-year mortality 9 (8.9%) 7 (5.3%) 49 (19.1%)™* 6 (12.2%) <0.001

CrCl: Creatinine clearance (ml/min.); SD: Standard deviation; CAD: Coronary Artery Disease; LVEF: Left ventricular ejection fraction;
PCI: Percutaneous Coronary Intervention; RAS: Renin-angiotensin aldosterone system. The p-value indicates the statistical difference

between the four groups.

“P < 0.05, vs. Patients aged 65-74 years and CrCl<60
#P < 0.05, vs. Patients aged 65-74 years and CrCl>60
£P < 0.05, vs. Patients aged =75 years and CrCl<60
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Table 2. Predictors of one-year mortality: Univariable and multivariable age-stratified Cox regression analysis

Univariable Multivariable
el e Hazard Ratio P-Value Hazard Ratio P-Value
(95% ClI) (95% Cl)
All Patients
1.973 1.518
ST segment deviation 0.004 0.156
(1.349-3.428) (0.853-2.702)
0.492 0.447
Revascularization 0.003 0.004
(0.308-0.786) (0.258-0.776)
0.963 0.973
CrCl (ml/min.) (one-point increase) <0.001 0.005
(0.948-0.977) (0.954-0.991)
0.921 0.944
LVEF (%) (one-point increase) <0.001 <0.001
(0.900-0.943) (0.919-0.970)
) o 0.841 1.094
Hemoglobin (mg/dl) (one-point increase) 0.008 0.234
(0.740-0.956) (0.943-1.269)
1.343
Diabetes Mellitus 0.228
(0.832-2.169)
o 1.029 1.022
SYNTAX Score (one-point increase) 0.010 0.064
(1.007-1.052) (0.999-1.046)

CrCl: Creatinine clearance (ml/min.); LVEF: Left ventricular ejection fraction.

younger populations due to increased risk of bleed-
ing and comorbidities. Therefore, elderly patients
face a higher risk of mortality (9, 19, 20). As in other
studies in the literature, age was shown to be asso-
ciated with mortality in the present study (5, 11).

One of the most important and common comor-
bidities affecting mortality in ACS patients is Rl (21,
22). Although coronary artery disease and post-ACS
mortality are more common in patients with end-
stage renal failure or dialysis, several studies have
indicated that mortality rates are also high in pa-
tients with mild-to-moderate chronic kidney disease
(22). In a study examining the length of hospital
stays in NSTEMI patients, Rl was associated with
prolonged hospital stays, transfers to the catheter
lab were delayed, and fewer of the recommended
treatments were applied (5). In another study inves-
tigating the causes of mortality in NSTEMI patients
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aged 75 years and older, mortality was found to be
associated with CrCl, hemoglobin levels, age, and
LVEF (23). In an ACUITY study that investigated the
one-year mortality of 2627 patients, anatomical
SYNTAX scores, CrCl, age, and LVEF were found
to be indicators of mortality and were included in
the Core model, which was recommended as a new
scoring system (24).

In the present study, CrCl has been shown to
be a predictor of mortality in ACS patients, similar
to a significant portion of the literature (11, 12, 21).
However, there are limited number of studies con-
ducted with geriatric patients in our country (17).
Likewise, few of the studies focus on NSTEMI pa-
tients (11, 12). Considering that geriatric NSTEMI
patients may benefit relatively more from appropri-
ate follow-up and treatment, the results of present
study gain importance (23). However, it should be
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Figure 1. Relative Hazard plots for the effects of predictors on mortality.
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considered that the results of present study will be
useful in clarifying the relationship between CrCl
and mortality, since there are few studies conduct-
ed in Turkey on this patient group and some of
these studies did not find a relationship between
CrCl and mortality. Various factors may describe the
relationship between mortality and Rl in patients
with geriatric NSTEMI. The most probable causes
of this condition can include increased frequency
of heart disease due to oxidative stress, vascular
endothelial dysfunction, acceleration of cellular
apoptosis, and the contribution of various immune

ST segment deviation

SYNTAX Score

system disorders, in addition to factors related to
atherosclerosis in Rl patients, which may include li-
pid disorders, hypertension, concomitant diabetes
mellitus, or chronic inflammation processes (25).
These patients may also experience higher rates of
mortality due to the decreased frequency in which
they undergo coronary revascularization or treat-
ments involving antiaggregants, beta-blockers,
RAS blockers, and statins, which are administered
less often to patients with Rl during hospitalization
and after discharge (26). In our study, the rates of
usage RAS blockers, beta-blockers in discharge are
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Figure 2. Graphical representation of the relationship between survival probability and creatinine clearance according to

the age.

log Relative Hazard

25 50

lower in older than 75 years with Rl than the other
patients’ groups. This may be a reason for the differ-
ence in mortality between patient groups. However,
this statement may not apply to statins because the
beneficial effects of statin therapy appear after at
least one year of treatment (27).

According to guidelines, it is recommended that
elderly NSTEMI patients receive individualized ther-
apy and adhere to the same treatment strategies
as younger patients (1, 4). In the literature, revas-
cularization has been shown to decrease mortality
and morbidity in elderly NSTEMI patients (5, 23).
However, in clinical practice, clinicians opt for less
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age
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invasive therapies since they consider advanced
age to act as an obstacle to invasive intervention
(11, 23, 28). Advanced age can also lead to delays in
invasive intervention and to increases in undesired
results (5). Similar to the findings from the literature,
the results of the current study indicated that coro-
nary revascularization is associated with reductions
in one-year mortality. These results indicate that,
unlike clinical practice, invasive intervention is effec-
tive in reducing mortality and morbidity regardless
of age.

Although predictors of mortality in NSTEMI pa-
tients have been demonstrated in previous studies,
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Figure 3.
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patients aged 75 years and older and patients with
additional comorbidities such as chronic renal fail-
ure were excluded from randomized controlled tri-
als until the last few years. In spite of the fact that
is recommended to receive similar treatments with
other patients in this risky patient group among
current treatment recommendations, both invasive
and non-invasive treatment applications are insuffi-
cient in real life. Because these patients have many
comorbidities, multidrug using and some metabolic
changes so the clinicians are far from applying the
same treatment as younger patients (29). Our study
draws attention to a group of patients with high

mortality and may be a warning to be more devoted
in providing follow-up and treatment optimization
in these patients.

Many studies have shown LVEF to be a consist-
ent predictor of short- and long-term mortality in
patients with ACS (30, 31). In addition, recommen-
dations have been made to include LVEF in risk
scoring systems, such as GRACE (32). In the pres-
ent study, LVEF was found to be an important inde-
pendent predictor of one-year mortality in elderly
NSTEMI patients. Therefore, we recommend using
the LVEF assessment, which is a parameter of echo-
cardiographic measurement, as an easily accessible
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and noninvasive method during the follow-up and
risk assessment of patients.

Limitations

Our study has some important limitations. First,
the follow-up period of our study was brief, and it
presented all causes of mortality. It would be more
beneficial to present cardiac-related mortality, spe-
cifically. It is also worth noting that neglecting the
factors that can affect mortality, such as possible
complications due to invasive treatment, may have
affected the results. In addition, clinicians may have
taken different approaches in treating the patients.
The study was also limited by discrepancies be-
tween how clinics applied LVEF measurements and
because some clinics did not discharge LVEF meas-
urements.
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CONCLUSION

Elderly NSTEMI patients with Rl are at high risk for
mortality, and the administration of guideline-based
therapies is controversial. CrCl, coronary revascu-
larization, and LVEF are potent and independent
predictors of one-year mortality of all causes. Our
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