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Assessment of the Relationship Between Serum
Albumin to Creatinine Ratio and Long-Term Mortality
in Patients with ST-Segment Elevation Myocardial

Infarction

ST-Segment Yiikselmeli Miyokard infarktiislii Hastalarda Serum Albiimin/Kreatinin Orani ile
Uzun Dénem Mortalite Arasindaki lliskinin Degerlendirilmesi
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ABSTRACT

Aim: In recent years, an increasing number of evidence suggests
that the inflammation plays a significant role in the pathophysiol-
ogy of ST-segment elevation myocardial infarction (STEMI). The
association between inflammatory markers and renal functions in
STEMI prognosis has been previously reported. No studies have
investigated the ability of the serum albumin to creatinine ratio
(SACR), defined as a prognostic score, to predict long term mor-
tality in patients experiencing STEMI.

Material and Method: This retrospective study included 1133 pa-
tients experiencing STEMI. The study population was divided into
two groups according to survival and analyzed whether the SACR
was an independent predictor of long-term mortality.

Results: Out of 1133 patients, death was observed in 112 patients
(9%) an average follow-up of 55 months. During the total follow-up
period, patients were divided into two groups according to sur-
vival. Compared to the survival group, long-term mortality group
was older, had a higher SYNTAX score and a lower sACR (p<0.05).
Independent predictors of long-term mortality were found to be
age, smoking, LVEF, and sACR (HR: 0.627 95% CI: 0.533-0.737;
p<0.001). Receiver operating characteristic (ROC) curve compari-
sons for long-term mortality demonstrated that the SACR was a
better predictor than both albumin and creatinine, separately.

Conclusion: The present study revealed that sACR is an inde-
pendent predictor of long-term mortality in patients experiencing
STEMI. As a marker which can be easily obtained and calculated,
SACR can be an effective parameter used for prognosis estimation
of STEMI.
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OZET

Amag: Son yillarda artan sayida kanitlara dayanarak enflamasyo-
nun ST-segment ylikselmeli miyokard enfarktistiniin (STEMI) pa-
tofizyolojisinde énemli bir rol oynadigini gézlenmistir. ST-segment
ylkselmeli miyokard enfarktlisii prognozunda enflamatuvar belir-
tecler ile bébrek fonksiyonlar arasindaki iliski daha énce bildirilmis-
tir. Prognostik bir skor olarak tanimlanan serum alblminin kreatinin
oraninin (SACR) STEMI yasayan hastalarda uzun vadeli mortaliteyi
tahmin etme yetenegini arastiran hicbir calisma yoktur. Bu calis-
mada sACR, STEMI hastalarinda prognostik énemi incelenmistir.

Materyal ve Metot: Bu retrospektif tasanmii calisma, STEMI ne-
deniyle basvuran 1133 hastayi icermektedir. Calisma poplilasyonu,
sagkalima gére iki gruba aynldi ve SACR’nin uzun vadeli mortalitenin
bagimsiz bir géstergesi olup olmadigi analiz edildii.

Bulgular: Ortalama 55 aylik takipte, 1133 hastanin 112’sinde (%9)
6lim gérildi. Toplam takip stiresi boyunca hastalar sagkalimlarina
gére iki gruba ayrildi. Sagkalim grubu ile karsilastirildiginda, uzun
dénem mortalite grubu daha yaslydi, SYNTAX skoru daha yliksek
ve SACR daha dlislikti (p<0,05). Uzun vadeli mortalitenin bagimsiz
belirtegleri yas, sigara, LVEF ve sACR olarak bulundu (HR: 0,627
%95 ClI: 0,5633-0,737; p<0,001). Uzun vadeli mortalite icin ROC
egrisi karsilastirmalari, SACR’nin hem albimin hem de kreatinin ayri
ayri daha iyi bir belirleyici oldugunu gésterdi.

Sonug: Bu calisma, sACR’nin STEMI yasayan hastalarda uzun
vadeli mortalitenin bagimsiz bir belirleyicisi oldugunu ortaya koy-
du. Kolaylikla elde edilebilen ve hesaplanabilen bir belirteg olan
SACR, STEMI’nin prognoz tahmininde kullanilan etkili bir paramet-
re olabilir.

Anahtar kelimeler: serum albumin; kreatinin; SACR; mortalite; ST-segment
yiikselmeli miyokard enfarktiisii
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Introduction

Ischemic heart disease is the most common cause of
death worldwide and its incidence continues to in-
crease’. Due to modern medical treatments and de-
velopments in reperfusion methods, in-hospital and
long-term mortality rates have decreased*’. Despite
advances in potent medical drugs and percutancous
intervention techniques, ST-segment elevation acute
myocardial infarction (STEMI) continues to be an im-
portant cause of death over the world*.

In patients with STEMI, various biomarkers and
biomarkers combinations have been investigated for
the prediction of mortality. Serum albumin (SA) is a
plasma protein and has an inverse association with in-
flammation and activation of the platelets. In addition,
previous studies showed that plasma serum albumin
level is a risk factor for the development of coronary
artery disease’> . Hypoalbuminemia, which defined as
serum albumin level below 3.5 g/dl in plasma and as-
sociated with an enhanced risk of arterial and venous
thrombosis, and cardiovascular and all-cause mortality
in patients with acute coronary syndromes (ACS)''-%.

There is a significant and inverse relationship between
kidney functions and adverse cardiovascular events. In
the literature, it has been shown that decreased renal
functions is associated with increased mortality in pa-
tients with STEMI. High serum creatinine (sCr) con-
centration at admission is related with heightened risk
of in-hospital and long-term mortality in patients with
ACS. Besides, a rise in sCr levels in STEMI patients
undergoing primary percutaneous coronary interven-
tion (pPCI) during hospitalization is associated with
poor myocardial blood flow and elevated risk of long-
term mortality'¢".

As a newly defined variable, serum albumin-creatinine
ratio (sSACR)* has been shown as a predictor of short-
term mortality in ACS. However, the relationship be-
tween sACR and long-term mortality in patients with
STEMI is unclear. We designed this study to investi-
gate the importance of sACR in long-term mortality
prediction in patients with STEMI.

Materials and Methods

Study Population

This was a retrospective study implemented between
January 2015 and May 2017. A total of 1257 con-
secutive STEMI patients who had undergone primary
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percutaneous coronary intervention (pPCI) in Kafkas
University Hospital were accepted to the study.
Patients who were first diagnosed with STEMI and
discharged healthy were included in the study popu-
lation. Patients who were referred to elective or emer-
gency coronary artery bypass graft surgery (CABG) or
patients with history of CABG, chronic renal disease
(hemodialysis dependent), malignancies, febrile condi-
tions, autoimmune disorders, chronic hepatopathy or
incomplete medical files or records were excluded from
the study.

A total of 1133 patients met the inclusion criteria and
were enrolled the study. The primary endpoint was
all-cause mortality. In-hospital and post-discharge
outcomes were collected from medical records, during
hospital visits, or via telephone interviews.

The research protocols were as per the Declaration of
Helsinki; the study was approved by the local ethical
board.

Data Collection

Patients’ data were obtained from hospital records
and patient files. Patients’ vital signs, treatment before
admission, electrocardiographic and coronary angio-
graphic features were collected at the time of admis-
sion. Information about laboratory tests and echocar-
diographic variables, in-hospital complications, and
treatments received during hospital stay were collected
before discharge from the electronic medical records at
Kafkas University Hospital.

Laboratory and ECG Measurements

The STEMI diagnosis was made based on the current
clinical guidelines®’. Blood samples were collected
from all patients during hospital admission and before
discharge for the measurement of the values of albu-
min, creatinine and glucose along with other biochem-
ical and hemogram parameters. sCr and SA levels were
determined using an automatic biochemical analyzer
(Roche Diagnostics Cobas 8000 ¢502, Indianapolis,
USA). The sACR (g/mg) was calculated by dividing
the serum albumin level by the creatinine level. The
estimated glomerular filtration rate (e¢GFR) was cal-
culated using the modification of diet in renal disease
(MDRD) formula. Acute kidney injury was defined
as an increase of 25% or 0.5 mg/dL in creatinine level
compared to that at baseline within 48 hours.
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Table 1. Baseline clinical characteristics of SACR groups in STEMI patients

All-Cause of Mortality

Variables Long-term survivals, n: 1021 Long-term mortality, n: 112 Total patients, n: 1133 p value
Age 55+12 66+13 56+12 <0.004
Female gender, n (%) 177(17.3%) 26(23.2%) 203(17.9%) 0.124

Diabetes, n (%) 222(21 7%) 42(37.5%) 264(23.3%) <0.004
Hipertansiyon, n (%) 97(38.8%) 64(57.1%) 461(40.7%) 0.002

Smoking, n (%) 445(43 6%) 59(52.7%) 504(44.5%) 0.066

Killip class >1, n (%) 134(13.1%) 47(42%) 181(16%) <0.001
Systolic blood pressure, (mm/Hg) 132+29 125.6+46 132+31 <0.004
Heart rate, bpm 77+15 81+23 7716 <0.004
Hemoglobin (g/dL) 13.7£1.7 12.9+2.2 13.8+1.8 <0.004
WBC Count (/1000) 12.1£3.5 13.9+5.5 12.8+3.8 <0.004
Glucose (mg/dL) 126(104-165) 148(116-233) 127(105-171) <0.004
SACR 45+1.1 3.4+1.5 4.4+1.2 <0.001
Creatine (mg/dl) 0.88+0.21 1.19+0.49 0.91+0.27 <0.004
Serum albumin (g/dl) 3.77+0.47 3.41+0.52 3.75+0.48 <0.004
Peak Creatine Kinase MB (ng/mL) 170.5(100-298) 359(178-498) 180.5(103-321) <0.004
Left Ventricular Ejection Fraction (%) 48+8 38+9 46+8 <0.001
Bazal syntax score 16.3+4.3 19.3+5.3 16.6+4.5 <0.001
SACR: serum albumin to creatinine ratio; WBC: white blood cell.

Statistical Analysis Results

The statistical analysis was performed by using
Statistical Package for Social Sciences (SPSS) program
version 22.0 (SPSS Inc., Chicago, IL). Kolmogorov-
Smirnov test was used for the normality of the data
set. Continuous variables were expressed as mean +
standard deviation or median [interquartile range]
(25th-75th percentiles) in terms of data distribution
and normality. T-test or Mann-Whitney U test was
performed to compare variables between two groups.
Continuous variables were compared between the
groups using analysis of variance and the Kruskal-
Wallis H-test. Fisher’s exact test or chi-square test was
used for comparison of Categorical variables that were
presented as numbers (percentage). Multivariate Cox
regression analysis was performed to identify indepen-
dent predictors of long-term death using variables that
showed a statistically significant association with all-
cause death in univariate analysis. Multicollinearity be-
tween the serum creatinine/albumin ratio and sCr and
SA levels was assessed by eigenvalues and condition
indices. Linearity was tested following the logarithmic
transformation of each parameter. The receiver operat-
ing characteristic (ROC) curve was utilized to derive
the best cut-off values of the sACR for predicting all-
cause mortality. The method proposed by DeLong et
al. was then used to compare the ROC curves of creati-
nine, albumin, and sACR to predict all-cause mortal-
ity. P<0.05 was considered statistically significant.
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A total of 1133 STEMI patients with an average age of
56.4+12.3 years were included the study and the medi-
an follow-up was 55 months. During the total follow-
up period, 112 patients were died. According to surviv-
al, patients were divided into two groups. Compared
to the survival group, long-term mortality group was
older and had a higher prevalence of diabetes, hyper-
tension, and smoking (p<0.04). Also, they had higher
systolic blood pressure, heart rate, Killip class, white
blood cell (WBC) count, level of hemoglobin and
creatinine, and SYNTAX score. Additionally, patients
with long-term mortality had lower albumin levels, left
ventricular ejection fraction (LVEF) and a lower sSACR
(p<0.05). The baseline demographic, clinical, and lab-

oratory parameters are shown in Table 1.

To identify independent predictors of all-cause mortal-
ity, we performed a multivariate Cox regression analy-
sis with a stepwise retrospective model by using vari-
ables associated with cardiac mortality in univariate
analyses. Multivariate analysis showed age, smoking,
LVEF, and sACR (HR: 0.627 95% CI: 0.533-0.737;
p<0.001) to be independent predictors of all-cause
mortality (Table 2).

In ROC curve analyses, the area under the curve
(AUC) of sACR was 0.756. The cut-off value for
serum creatinine/albumin ratio that indicates long-
term mortality was 3.51 with 58.9% sensitivity and



Table 2. Univariate and multivariate analysis of all-cause long-term mortality
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Variable

Age (years)
Smoking
SACR

LVEF

Univariate analysis of long-term mortality

Hazard ratio 95% C. 1.
1.070 1.054-1.087
1.678 1.468-1.983
0.395 0.334-0.467
0.862 0.841-0.883

Multivariate analysis of long-term mortality

P value Hazard ratio 95% C. . P value
<0.001 1.047 1.028-1.065 <0.001
1.514 1.002-2.287 P=0.049
<0.001 0.627 0.533-0.737 <0.001
<0.001 0.891 0.863-0.921 <0.001

SACR: serum albumin to creatinine ratio; LVEF: left ventricular ejection fraction.
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Figure 1. Comparison of ROC curves between albumin, creatinine and SACR for
predicting all-cause mortality.
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Figure 2. Kaplan-Meier survival curves according to serum albumin to creatinine ratio (SACR).

84.5% specificity. Receiver operating
characteristic curve comparisons were
performed to assess whether sACR had
an additional prognostic value over cre-
atinine and albumin levels. The AUC
value of SACR was found to be sig-
nificantly higher than creatinine (dif-
ference between areas: 0.03 95% CI:
0.006-0.06 p=0.01) and albumin level
(difference between areas: 0.05 95% CI
0.005-0.09 p=0.02) in predicting long-
term mortality (Fig. 1).

The study population were divided into
two groups based on the median value
(4.375) of the sACR; to assess the abil-
ity of mortality forecast: low sACR
(<4.375) and high sACR (>4.375)
groups. The low sACR group was older
and they had higher WBC counts and
glucose levels. Moreover, the low sACR
group had greater creatinine levels, peak
CK-MB, and SYNTAX scores while
demonstrating lower serum albumin
levels and LVEE. The findings of the
sACR groups are provided in Table 3.
An analysis of the sSACR groups demon-
strated that low sACR patients (n=91)
had greater all-cause mortality rather
than high sACR (n=21) (P <0.001).
Kaplan-Meier survival curves according
to a cut-off value of sSACR are shown in

Fig. 2.

Discussion

In this study, we evaluated the prognos-
tic value of SACR for predicting long-
term all-cause mortality in patients with
STEMI. A low sACR was associated
with all-cause mortality and an indepen-
dent predictor of mortality in patients

with STEML

Kafkas J Med Sci 2023; 13(2):166-172
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Table 3. Demographic, clinical, and laboratory parameters of patients with low and high SACR

Variables SCAR <4.37 (n: 565) SCAR >4.37 (n: 568) P value
Age 59+12 54+12 <0.001
Female gender, n (%) 87(15.4%) 116(20.4%) 0.027
Diabetes, n (%) 139(24.6%) 125(22%) 0.302
Hypertension, n (%) 244(43.2%) 217(38.2% 0.080
Smoking, n (%) 300(53.1%) 329(57.9%) 0.102
Killip class >1 on admission (%) 117(20.7%) 64(11.3%) <0.001
Systolic blood pressure, mm Hg 13135 132+28 0.436
Heart rate, bpm 77+18 77+14 0.805
Hemoglobin (g/dL) 13.6+1.9 13.8+1.7 0.003
WBC Count (/1000) 12.5+4.1 12.1+3.4 0.022
Glucose (mg/dL) 130(105-178) 125(105-160 0.033
SACR 3.49+0.74 5.32+0.86 <0.001
Creatine (mg/dl) 1.07+0.29 0.75+0.11 <0.001
Serum albumin (g/dl) 3.56+0.44 3.94+0.45 <0.001
Peak Creatine Kinase MB (ng/mL) 191(113-338) 167(94-306 <0.001
Left Ventricular Ejection Fraction (%) 45+9 48+8 <0.001
Basal SYNTAX score 17.2+4.7 16.04+4.2 <0.001
Long-term Mortality, n 21 <0.001

SACR: serum albumin to creatinine ratio.

ST-segment elevation myocardial infarction (STEMI)
is one of the primary causes of death in developed
countries™. Recent studies have investigated and dem-
onstrated the relation between clinical, laboratory, and
hemodynamic parameters and survival in STEMI pa-
tients. In our study, 112 patients died during long-term
follow-up. Consistent with the previous findings**,
patients with long-term mortality had higher heart
rate, levels of glucose and creatinine, and SYNTAX
scores and lower systolic blood pressure, levels of albu-
min, LVEE, and sACR (p<0.004) when compared to

the survivors in our study.

ST-segment elevation myocardial infarction is an
acute clinical condition accompanied by inflamma-
tion, platelet aggregation, and coagulation®. Serum
albumin, which is a negative acute-phase reactant
protein, has several functions such as antioxidant and
anticoagulant activity, promotion of the formation of
anti-inflammatory mediators, and the preservation of
vascular integrity**?’. Previous studies states that low
serum albumin levels in STEMI patients are related
with poor survival and hypoalbuminemia has a prog-
nostic value in patients with ACS. Hypoalbuminemia
was also connected with multi-vessel coronary artery
disease (high SYNTAX score) and no-reflow in pa-
tients with STEMI and was related to long-term all-
cause cardiac mortality”® . In our study we found
low serum albumin levels in patients with long term
mortality, similar to the literature. Serum albumin

Kafkas J Med Sci 2023; 13(2):166-172

has well known anti-inflammatory, anticoagulant, and
anti-platelet aggregation activity”’. STEMI, as a clini-
cal condition accompanied by inflammation causes a
decrease in serum albumin levels. Due to low levels of
albumin; increased oxidative stress, platelet activation
and aggregation may lead the worsening of the clini-
cal illness and results in elevated mortality. Similar to
these findings, we observed in patients with poor long
term survival has low serum albumin levels.

Impaired kidney functions were associated with an in-
creased risk of cardiovascular disease and worse cardio-
vascular outcomes. Renal insufficiency was measured
by corrected creatinine clearance or sCr level has al-
ready been investigated and found to be an indepen-
dent predictor of mortality in patients with ACS'*".
Elevated sCr level has an association with coagulation,
fibrinolysis, endothelial dysfunction, and anemia.
Retrospective analyses demonstrated that impaired re-
nal functions and elevated sCr concentration on admis-
sion increase the risk of death in patients with STEMI
and are independent predictors of mortality®*%. In our
study parallel with the recent findings, sCr levels were
found higher in patients with long-term mortality.

sACR represents the ratio of serum albumin to creati-
nine level. Levels of serum albumin and creatinine were
shown to be associated with poor cardiac endpoints®.
Recent studies have shown that sSACR was more signif-
icant in predicting prognosis compared to albumin or
creatinine levels alone. We hypothesized that merging



these parameters may enable us to obtain a more sen-
sitive and stable index of mortality in patients with
STEMLI. In line with our expectations, alow sSACR was
an independent predictor of poor surveillance. Also we
found that SACR had a higher prognostic ability for
predicting all-cause mortality compared to serum albu-

min (AUC: 0.706) or sCr (AUC: 0.723).

In the present study, a low sSACR was associated with a
high SYNTAX score, lower ¢jection fraction (EF) and
high Killip class compared to high sSACR. A low sSACR
related to a high SYNTAX score may reflect a high cor-
onary atherosclerotic burden that is associated with ad-
verse cardiac events and poor prognosis®. A low sACR
was also associated with low EF and heart failure. The
development of heart failure may be due to escalated
myocardial damage and reduced myocardial reserve.
The presence of heart failure with reduced LVEF is one
of the most important predictors of long-term mortal-
ity in patients with STEMI*'. Poor outcomes may have
been seen in the low sSACR group because of the rela-

tionship between low sACR and low LVEF.

In this study, our results demonstrate that sSACR may
have an additional prognostic value for the develop-
ment of an individual-risk approach and surveillance of
STEMI patients who underwent a pPCI. Patients with
a reduced sACR may require more frequent follow-up
and intense therapy. Moreover, as an easily accessible
parameter, SACR is simply to calculate, and it can be
standardized without additional cost, thus offering in-
creased prognostication of these patients.
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