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 Background: Neutrophil and albumin are respective indicators of inflammation and malnutrition. Whether combining those 
2 markers can predict acute prognosis in patients with ST-segment elevation myocardial infarction (STEMI) re-
mains unknown. This study aimed to investigate the prognostic value of neutrophil percentage to albumin ra-
tio (NPAR) for in-hospital mortality in STEMI patients.

 Material/Methods: There were 1024 patients hospitalized with acute STEMI retrospectively enrolled in this study. Demographic, 
clinical, and admission laboratory data were extracted from medical record. NPAR was calculated as neutro-
phil percentage numerator divided by albumin in the admission blood samples. In-hospital mortality was de-
signed as the primary outcome in the study, major adverse cardiac events (MACE) and cardiac death were re-
corded as the secondary clinical outcomes.

 Results: The rates of in-hospital mortality, MACE, and cardiac death in high NPAR group were significantly higher than 
those in the low NPAR group (P<0.001, P=0.004, P<0.001). The Kaplan-Meier analysis showed worse outcomes 
in higher NPAR group (P<0.001). NPAR levels and age independently predicted in-hospital mortality. A NPAR 
value >1.9 was identified as an effective cut point in STEMI for in-hospital mortality (P<0.001, sensitivity 82%, 
specificity 52%).

 Conclusions: Admission NPAR was independently correlated with in-hospital mortality in patients with STEMI.
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 Abbreviations: PPCI – primary percutaneous coronary intervention; CHD – coronary heart disease; DM – diabetic mel-
litus; SBP – systolic blood pressure; DBP – diastolic blood pressure; HR – heart rate; WBC – white blood 
cells; RDW – red blood cell distribution width; PDW – platelet distribution width; ALT – alanine amino-
transferase; T-BIL – total bilirubin; TC – total cholesterol; LDL-C – low density lipoprotein cholesterol; 
HDL-C – high density lipoprotein cholesterol; TG – triglycerides; hs-CRP – high-sensitivity C-reactivity 
protein; MACE – major adverse cardiac events; NT proBNP – N-terminal pro-B-type Natriuretic Peptide; 
CK-MB – creatinine kinase MB; cTnI – cardiac troponin I; LVEF – left ventricular ejection fraction; 
OR – odds ratio; CI – confidence interval; NPAR – neutrophil percentage to albumin ratio
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Background

Acute ST-segment elevation myocardial infarction (STEMI) is a 
quite critical condition of coronary heart disease which needs 
timely revascularization therapy. Recent studies have highlighted 
a fall in acute mortality following STEMI in parallel with great-
er use of primary percutaneous coronary intervention (PPCI), 
antithrombotic therapy and secondary prevention [1], never-
theless, mortality remains substantial. The in-hospital mortal-
ity of unselected patients with STEMI in the national registries 
of the European countries varies between 4% and 12% [2].

Inflammatory processes are believed to actively trigger car-
diovascular disease development and final clinical events. 
Neutrophils drive the early inflammatory response following 
a myocardial infarction, and high neutrophil count was dem-
onstrated as an important marker for cardiovascular mortality 
risk prediction [3]. In myocardial infarction patients undergoing 
mechanical revascularization, a higher neutrophil percentage 
is related to worse short-term prognosis [4]. Besides, malnu-
trition which is reflected by reduced serum albumin level has 
been reported to be closely linked to adverse clinical outcomes 
and mortality in patients with acute myocardial infarction [5]. 
However, whether both markers can be combined together to 
predict the acute outcomes remains unknown.

We developed and tested a simple index of the neutrophil 
percentage to albumin ratio (NPAR) for predicting in-hospi-
tal mortality of STEMI.

Material and Methods

Study design and population

We retrospectively evaluated consecutive 1306 patients with 
acute STEMI from China Beijing Friendship Hospital Database 
(CBD) who were admitted to the department of cardiology, 
Beijing Friendship Hospital (Beijing, P.R. China) from January 
2013 to February 2017. The protocol was approved by the 
ethical committee of Beijing Friendship Hospital (No. 2017-
P2-013-01) and the study began in November 2017. Patients 
were included in the study if they fulfilled the following cri-
teria according to previous study [6]: STEMI was defined as 
typical symptoms (chest pain >30 minutes) and ST elevation 
(greater than or equal to 1 mm in at least consecutive 2 leads 
on ECG). In total, 282 patients were excluded from this study 
because they had complications of active infectious disease, 
active carcinoma, hematological proliferative diseases, chron-
ic inflammatory disease, active hepatobiliary disorders, steroid 
therapy for autoimmune disease, or had no admission labo-
ratory parameters recorded. Finally, a total of 1024 patients 
were included in the study.

Laboratory analysis and NPAR calculation

Peripheral blood samples were drawn from patients immediate-
ly on admission. Routine complete blood count and blood bio-
chemistry parameters were measured by automatic analyzer. 
Neutrophil percentage, indicated by the percentage of neutro-
phil in white blood cells, was automatically calculated by the an-
alyzer. Serum albumin level was measured using bromocresol 
green method with album kits and AU5800 biochemistry analy-
sis system (Beckman Coulter Company) according to manufac-
turer’s instruction within 30 minutes from blood collection. NPAR 
was calculated as neutrophil percentage numerator (i.e., 70% was 
recorded 70) divided by albumin using the same blood samples 
drawn on admission. The total cholesterol, low density lipopro-
tein cholesterol, high density lipoprotein cholesterol, triglycer-
ides, and high-sensitivity C-reactivity protein levels were from 
the fasting blood samples which were taken on the next morn-
ing after admission. Serum levels of cardiac markers including 
NT-proBNP, cardiac troponin I (cTnI) and creatinine kinase-MB 
(CK-MB) were measured on admission and every 24 hours un-
til the peaks occurred, and their levels went down according to 
the hospital protocol.

Data collection and definitions

The patients’ demographic information and cardiovascular 
risk factors including previous coronary heart disease, hyper-
tension, diabetic mellitus, dyslipidemia, and smoking history 
were retrospectively collected from medical records. The sys-
tolic blood pressure, diastolic blood pressure, heart rate and 
Killip class were defined as the first data recorded on admis-
sion. The Simpson method was used to calculate the left ven-
tricular ejection fraction (LVEF) for quantitative assessment of 
the left ventricular systolic function before discharge. As the 
primary outcome, in-hospital mortality was defined as all-cause 
deaths during hospitalization. Cardiac death was defined as 
previously reported including death from acute MI, heart fail-
ure, arrhythmia and unexplained sudden death [6]. A compos-
ite of cardiovascular mortality, repeat target vessel revascular-
ization, re-infarction, malignant ventricular arrhythmias, and 
stroke was defined as major adverse cardiac events (MACE).

Revascularization procedure and medications

Loading dose of antiplatelet medications (300 mg aspirin, 
300 to 600 mg clopidogrel) were used before PPCI accord-
ing to established guidelines. PPCI was performed according 
to the guidelines with standard techniques and appropriate 
strategies, based on the discretion of the attending physician. 
No thrombolytic therapy was performed in the study popula-
tion. During hospitalization period and after discharge, an-
tiplatelets, statins, b-blockers, and angiotensin-converting 
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Characteristics
Tertile 1, n=341

<1.75
Tertile 2, n=342

1.75–2.05
Tertile 3, n=341

>2.05
P1 value P2 value

Age, years  61.1±12.2  63.3±13.6  67.8±12.1 <0.001 <0.001

Male gender, n (%)  266 (78.0)  258 (75.4)  229 (67.4) 0.004 0.002

PPCI, n (%)  179 (59.7)  172 (56.8)  185 (66.3) 0.056 0.099

Medical histories

 CHD, n (%)  106 (31.5)  77 (22.5)  101 (29.9) 0.021 0.658

 Hypertension, n (%)  194 (57.4)  205 (60.1)  210 (61.9) 0.478 0.228

 DM, n (%)  91 (26.8)  92 (26.9)  105 (31.0) 0.391 0.236

 Dyslipidemia, n (%)  148 (43.8)  149 (43.7)  136 (40.1) 0.545 0.334

 Smoke, n (%)  228 (67.1)  213 (62.3)  189 (55.8) 0.010 0.002

SBP, mmHg  127.4±22.1  125.3±19.9  122.1±23.1 0.006 0.004

DBP, mmHg  75.2±12.6  74.0±12.7  70.5±12.9 <0.001 <0.001

HR, bpm  75.8±14.2  76.2±14.5  77.5±19.0 0.777 0.510

Killip ³III n (%)  20 (5.9)  26 (6.8)  60 (17.9) 0.001 <0.001

Laboratory index

 WBC, ×109/L  8.3±2.8  9.1±3.2  9.8±3.1 <0.001 <0.001

 Neutrophil, ×109/L  4.7 (3.8–6.2)  6.6 (5.0–8.4)  7.9 (6.1–9.8) <0.001 <0.001

 Hemoglobin, g/L  144.2±16.7  138.7±18.7  129.9±20.1 <0.001 <0.001

 platelets, ×109/L  233.0±67.4  232.3±75.3  218.2±70.3 0.009 0.019

 RDW, %  12.5 (11.7–13.3)  12.7 (11.9–13.6)  12.9 (12.1–13.7) <0.001 <0.001

 PDW, %  13.2±2.8  14.0±2.6  14.4±2.8 <0.001 <0.001

 Glucose, mmol/L  8.0 (6.4–10.6)  7.7 (6.4–10.4)  8.2 (6.9–11.4) 0.034 0.076

 Creatinine, μmol/L  74.4 (66.4–86.5)  78.6 (69.0–94.6)  78.0 (66.0–99.0) 0.002 0.004

 ALT, U/L  24.0 (18.0–35.0)  23.0 (17.0–36.0)  24.0 (17.0–38.0) 0.728 0.981

 Albumin, g/L  42.2±3.8  40.3±3.6  35.9±4.0 <0.001 <0.001

 T-BIL, μmol/L  11.3 (8.3–15.3)  12.3 (9.2–17.3)  11.9 (9.0–17.0) 0.009 0.026

 TC, mmol/L  4.5±1.0  4.4±1.1  4.3±1.1 0.035 0.045

 LDL-C, mmol/L  2.6±0.7  2.6±0.8  2.5±0.8 0.180 0.182

 HDL-C, mmol/L  1.1 (0.9–1.2)  1.1 (0.9–1.2)  1.0 (0.9–1.2) 0.115 0.064

 TG, mmol/L  1.5 (1.1–2.2)  1.4 (1.0–1.9)  1.2 (0.9–1.7) <0.001 <0.001

 HsCRP, mg/dL  4.3 (1.7–13.3)  7.4 (2.7–17.6)  10.7 (3.5–27.3) <0.001 <0.001

Table 1. Demographic, clinical, and laboratory characteristics of the tertile groups according to the NPAR.

Data are expressed as count (percentage) for categorical variables, mean±standard deviation or median (interquartile range) for numerical 
variables. P1 is the P value acquired from comparing 3 groups. P2 is the P value acquired from comparing the tertile 1 group with the 
tertile 3 group. PPCI – primary percutaneous coronary intervention; CHD – coronary heart disease; DM – diabetic mellitus; SBP – systolic 
blood pressure; DBP – diastolic blood pressure; HR – heart rate; WBC – white blood cells; RDW – red blood cell distribution width; 
PDW – platelet distribution width; ALT – alanine aminotransferase; T-BIL – total bilirubin; TC – total cholesterol; LDL-C – low density 
lipoprotein cholesterol; HDL-C – high density lipoprotein cholesterol; TG – triglycerides; hs-CRP – high-sensitivity C-reactivity protein.
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enzyme inhibitors were administered to all patients accord-
ing to guidelines unless contraindicated.

Statistical analysis

Qualitative variables were expressed as percentages and quan-
titative variables as the mean±standard deviation or the me-
dian (interquartile range). Continuous variables were test-
ed using Kolmogorov-Smirnov statistics to check the normal 

distribution assumption. Differences among tertile groups and 
pairwise comparisons were analyzed with variance analysis 
and the Tukey post hoc test or the Mann-Whitney U test as 
appropriate. Univariate logistic regression analysis was used 
to identify the predictors of in-hospital mortality. A forward 
stepwise multivariate logistic regression analysis was used 
to identify independent predictors of in-hospital mortality, 
which included variables with P<0.05 from the univariate lo-
gistic regression or of clinical importance. Receiver operating 
curve test was performed to define the cutoff value of NPAR 
for in-hospital mortality. A P value <0.05 was defined statisti-
cally significant. The Kaplan -Meier method was used to cre-
ate event-free survival curves. The comparisons of ROC curves 
were performed using the Delong test with MedCalc (version 
11.4.2.0). Other statistical analyses were performed with SPSS 
(version 24.0, Chicago, IL, USA).

Results

We divided the recruited patients into 3 groups according to 
tertiles of admission NPAR. Of the 1024 patients, 341 were in 
the tertile 1 NPAR group (mean age 61.1±12.2 years, 78% male); 
342 were in the tertile 2 NPAR group (mean age 63.3±13.6 
years, 75.4% male) and 341 were in the tertile 3 NPAR group 
(mean age 67.8±12.1 years, 67.4% male). Detailed compar-
ing information on the clinical, laboratory and demographic 
parameters among tertile groups were presented in Table 1.

In-hospital deaths occurred in 45 patients (4.4%) in our study, 
cardiac deaths in 40 patients (3.9%) and MACE in 70 pa-
tients (6.8%). Patients with high NPAR had higher values of 

Characteristics
Tertile 1, n=341

<1.75
Tertile 2, n=342

1.75–2.05
Tertile 3, n=341

>2.05
P1 value P2 value

In-hospital death, %  7 (2.1)  8 (2.3)  30 (8.8) <0.001 <0.001

Cardiac death, %  6 (1.8)  6 (1.8)  28 (8.3) 0.001 <0.001

MACE, %  17 (5)  16 (4.7)  37 (10.9) 0.001 0.004

Cardiac markers

Peak NTproBNP, pg/mL  1386.0 (565.0–3390.5)  1868.0 (780.5–5062.3)  3772.5 (1354.5–12725.0) <0.001 <0.001

Peak CK-MB, ng/mL  71.4 (14.8–187.0)  90.0 (22.4–229.0)  114.1 (23.7–254.0) 0.010 0.003

Peak cTnI, ng/mL  10.9 (3.5–28.6)  14.0 (5.3–35.1)  17.3 (6.0–42.0) 0.002 <0.001

LVEF  0.59±0.09  0.57±0.10  0.55±0.11 <0.001 <0.001

Table 2. In-hospital events, myocardial injury, and cardiac function of STEMI patients according to the tertiles of NPAR.

Data are expressed as count (percentage) for categorical variables, mean ± standard deviation or median (interquartile range) for 
numerical variables. P1 is the P value acquired from comparing 3 groups. P2 is the P value acquired from comparison of the tertile 
1 group with the tertile 3 group. MACE – major adverse cardiac events; CK-MB – creatinine kinase-MB; cTnI – cardiac troponin I; 
LVEF – left ventricular ejection fraction.
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Figure 1.  Kaplan-Meier curves of the tertile groups. The Kaplan-
Meier analysis showed that a worse outcome 
occurred in the higher NPAR group (log-rank P<0.001). 
NPAR – neutrophil percentage to albumin ratio.
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Peak NTproBNP, Peak CK-MB, Peak cTnI and lower values 
of LVEF compared to tertile 1 NPAR group (P<0.05, Table 2). 
Concordantly, in-hospital mortality, cardiac death and MACE 
in the tertile 3 NPAR group were significantly higher compared 
to the tertile 1 NPAR group (8.8% versus 2.1%, 8.3% versus 
1.8%, 10.9% versus 5.0%; P<0.001, P<0.001, P=0.004, Table 2). 
Kaplan-Meier curves showed that a worse outcome occurred 
in the higher NPAR group (log-rank P<0.001, Figure 1).

Six risk factors of statistical significance identified by univar-
iate analysis (age, male gender, admission glucose, creati-
nine, hemoglobin and NPAR) were further analyzed with mul-
tivariate logistic regression. High NPAR levels were found to 

be significantly associated with the adjusted risk of in-hospi-
tal mortality (odds ratio [OR] 4.928, 95% confidence interval 
[CI] 1.136–21.372, P=0.033, Table 3) on multivariate analysis. 
Another independent risk factor of in-hospital mortality was 
age (OR 1.07, 95% CI 1.02–1.13, P=0.013, Table 3). A NPAR val-
ue >1.9 was demonstrated to be an valid cut-point in patients 
with STEMI for in-hospital mortality through receiver operat-
ing characteristic curve (ROC) analysis (area under the curve, 
AUC=0.72, sensitivity 82%, specificity 52%, 95% CI 0.62–0.81, 
P<0.001; Figure 2), and the comparisons of ROC curves found 
NPAR was a better predictor than either albumin (P=0.024) or 
neutrophil percentage (P=0.001) alone.

Variables Unadjusted OR 95% CI P value Adjusted OR 95% CI P value

Age 1.094 1.066–1.123 <0.001 1.071 1.015–1.129 0.013

Male gender 0.432 0.250–0.747 0.003 1.197 0.356–4.017 0.772

PPCI 2.667 0.886–8.030 0.081 1.937 0.593–6.325 0.274

CHD 1.679 0.960–2.934 0.069

Hypertension 1.571 0.877–2.815 0.129

DM 2.035 1.177–3.518 0.011

Smoke 0.282 0.158–0.500 <0.001

SBP 0.992 0.980–1.005 0.241

Killip Class 5.445 4.026–7.364 <0.001

WBC 1.074 0.987–1.168 0.096

Neutrophil 1.095 1.003–1.197 0.043

Hemoglobin 0.969 0.955–0.983 <0.001 0.975 0.944–1.007 0.120

Platelets 1.001 0.997–1.005 0.509

RDW 0.985 0.897–1.082 0.750

PDW 1.029 0.931–1.139 0.572

Glucose 1.074 1.016–1.136 0.012 1.078 0.970–1.197 0.162

Creatinine 1.003 1.001–1.004 0.001 0.993 0.976–1.010 0.399

Albumin 0.877 0.829–0.928 <0.001

T-BIL 0.987 0.943–1.033 0.571

TC 0.737 0.535–1.016 0.063

LDL-C 0.670 0.434–1.033 0.070

TG 0.727 0.479–1.104 0.135

HsCRP 1.030 1.008–1.053 0.008

NPAR 3.673 1.944–6.939 <0.001 4.928 1.136–21.372 0.033

Table 3. Effects of multiple variables on in-hospital mortality in univariate and multivariate logistic regression analysis.

OR – odds ratio; CI – confidence interval; PPCI – primary percutaneous coronary intervention; CHD – coronary heart disease; 
DM – diabetic mellitus; SBP – systolic blood pressure; HR – heart rate; WBC – white blood cells; RDW – red blood cell distribution 
width; PDW – platelet distribution width; T-BIL – total bilirubin; TC – total cholesterol; LDL-C – low density lipoprotein cholesterol; 
TG – triglycerides; hs-CRP – high-sensitivity C-reactivity protein; NPAR – neutrophil percentage to albumin ratio.
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Discussion

This study demonstrated that the admission NPAR value in 
patients with acute STEMI was an independent predictor of 
in-hospital mortality. In-hospital mortality rates of STEMI pa-
tients undergoing primary PCI varied from 4% to 12% [2], and 
the mortality rate (4.4%) in our study was compatible with 
prior reports. As far as we know, there has been few studies 
focused on the relation of NPAR with in-hospital mortality in 
patients with STEMI.

Even in the era of reperfusion therapy, in-hospital mortality 
in patients with STEMI remains a considerable variability [2]. 
Individualized and timely risk assessment for each patient al-
lows a more accurate decision-making of treatment strategy 
and medical resource allocation. To carry out individualized 
therapeutics, doctors should be aware of the risk factors with 
regard to morbidity and mortality in STEMI patients. Both neu-
trophil percentage and serum albumin tests are timely, easy, 
inexpensive, routine examination techniques that give us in-
formation about the blood contents. The combination of neu-
trophil percentage and serum albumin provides a quite fast 
evaluation of risks for the patients with STEMI. Furthermore, 
even under the condition lacking further imaging or more labo-
ratory test, as long as the complete blood count and biochem-
istry test can be performed, NPAR will still work as an effec-
tive tool for instant risk assessments. Our finding may provide 

additional convenience in some special situations, for exam-
ple, underdeveloped areas.

Inflammatory or stress status correlated with adverse cardio-
vascular events and complications occurring in STEMI patients. 
Some easily acquirable laboratory index related to inflam-
mation have been recently studied in various cardiovascu-
lar diseases, and they were demonstrated to be predictive 
for short- or long-term mortality [7]. For example, neutrophil 
to lymphocyte ratio, monocyte to high-density lipoprotein ra-
tio, platelet-leukocyte aggregates, red cell distribution width 
are markers related to inflammation in STEMI which attract-
ed the attention of investigators [6,8–11]. In our study, we in-
cluded neutrophil percentage into the NPAR value as an acute 
inflammatory response marker. Neutrophils intermediate the 
early inflammatory response following a myocardial infarction, 
and they were found most valuable to predict cardiovascular 
mortality among all leukocyte subsets [12], partly because of 
the serum ingredients produced by neutrophil such as gelati-
nases (matrix metalloproteinase [MMP]-2 and -9), collagenas-
es (MMP-1, -8, -7, -13) and elastase [13]. Similarly, neutrophil 
counts, percentage, and the delta neutrophil index were also 
included in the predictive index for STEMI prognosis in other 
studies [4,9,14–16].

A low albumin level was an independent predictor of new-on-
set heart failure and in-hospital mortality in patients with acute 
coronary syndrome, and the underlying mechanisms may be 
malnutrition and inflammation [5]. Albumin has a half-life of 
more than 10 days [17], thus we included it into the NPAR val-
ue to reflect recent status. In previous studies, neutrophil to 
albumin ratio was demonstrated as an independent predictor 
of pathological complete response in rectal cancer patients fol-
lowing neoadjuvant chemoradiation [18]. Another study dem-
onstrated that the delta neutrophil index-to-serum albumin 
ratio on emergency department admission was a promising 
prognostic marker for 28-day mortality in patients with severe 
sepsis [19]. In the area of cardiology, we demonstrated that 
the NPAR value, as a combination of acute inflammation and 
recent malnutrition marker, was effective in short-term prog-
nostic judgment. Similarly, a combined effect of serum albumin 
and C-reactive protein was investigated in patients with coro-
nary artery disease who underwent their first intervention, and 
it was associated with long-term adverse cardiac events [20].

The difference in the proportions of patients with PPCI was 
not significant among tertile groups, which meant the effects 
on clinical outcomes among tertile groups by PPCI therapy 
seemed not significant. However, the factor of PPCI was not 
statistically significant on univariate analysis. This might re-
sult from the limitation of sample size. Nevertheless, it was 
a very strong protective factor, and was included in multivar-
iate logistic regression model. After the adjustment with six 
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Figure 2.  Receiver operating characteristic curve of NPAR value. 
NPAR value was an effective marker for predicting 
in-hospital mortality in STEMI by receiver operating 
characteristic curve analysis. AUC – area under the 
curve; CI – confidence interval. AUC 1=0.72, 95% CI 
0.62–0.81, P<0.001; AUC 2=0.62, 95% CI 0.53–0.70, 
P=0.007; AUC 3=0.33, 95% CI 0.25–0.41, P<0.001.
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risk factors, NPAR remained an independent predictor of in-
hospital mortality on multivariate analysis.

Limitations

NPAR only reflects the aspects of malnutrition and inflamma-
tion. It is a very simple index which can be fast calculated. 
Neutrophil to lymphocyte ratio, platelet-leukocyte aggregates, 
red cell distribution width, monocyte to high-density lipopro-
tein ratio are all markers reflecting inflammation. The advan-
tage of those kinds of markers including NPAR is that they are 
laboratory objective variables and can be easily obtained from 
first biochemical blood examination, which is routinely per-
formed in cases of STEMI in clinical practice. However, the se-
verity and mortality of STEMI vary according to many factors 
such as advanced age, Killip class, time delay to treatment, 
treatment strategy, history of myocardial infarction, diabetic 
mellitus, renal failure and so on. Generally speaking, the more 
key variates a model includes, the more precisely it predicts. 
The newly developed laboratory stratification model [21] is also 
used to judge STEMI acute outcomes. The Global Registry of 
Acute Coronary Events score includes several retrospective fac-
tors [22], and the Thrombolysis In Myocardial Infarction (TIMI) 
risk index is defined by age, systolic blood pressure, and heart 
rate [23]. Those models can be used more precisely to predict 

the prognosis in acute coronary syndrome. Besides, because 
there was no thrombolytic therapy performed in the study pop-
ulation, the clinical applicability of NPAR in patients undergo-
ing thrombolytic therapy remains unclear.

Conclusions

High admission NPAR was identified as an independent predic-
tor of in-hospital mortality in patients with STEMI. Our results 
suggested that STEMI patients with high NPAR value should 
be carefully monitored and considered for intensive care be-
cause of the close association with early mortality. Further 
studies are still required to confirm and illuminate clinical im-
plications of the findings.
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