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ARTICLE INFO ABSTRACT

Keywords: Background: Severe inflammation causes poor outcomes in coronary care unit (CCU) patients. The neutrophil-
Coronary care unit lymphocyte ratio (NLR), a biomarker used to monitor inflammation and the immune response, can predict a poor
Mortality prognosis in various diseases. However, it remains unclear whether the NLR is associated with all-cause mor-
greglgtrrlzzi};il-lymphocyte ratio tality in CCU patients. This study investigated the association between the NLR and CCU outcomes.

Methods: Clinical data were extracted from the Multiparameter Intelligent Monitoring in Intensive Care III
(MIMIC-III) database, which contains health data for over 50,000 patients. The primary outcome was 30-day
mortality and the secondary outcome was 90-day mortality. Cox proportional hazard models were used to reveal
the associations between NLR and outcomes. Multivariate analyses were used to control for confounders.
Results: We enrolled 3563 CCU patients. For 30-day mortality, the hazard ratio (HR) (95% confidence interval
[CI]) for the second (NLR 4.80-10.08) and the third (NLR = 10.09) tertiles were 1.57 (1.24, 1.97) and 2.76
(2.23, 3.41), respectively, compared to the first tertile (NLR < 4.80). In the model adjusted for multiple con-
founders, the fifth quintile (NLR = 14.17) showed a slightly lower mortality risk [HR (95% CI) 1.44 (1.07, 1.94)]
compared to the fourth (NLR 8.82-14.16) [HR (95% CI) 1.55 (1.15, 2.10)]. A similar trend was observed for 90-
day mortality. The interactions between the acute kidney injury, respiratory failure, and pneumonia subgroups
and 30-day mortality were significant.

Conclusions: The NLR was an independent predictor of 30- and 90-day mortality for CCU patients. The NLR is a
promising clinical biomarker as an integrated, readily available predictor of CCU mortality.

1. Introduction lymphocyte ratio (NLR) is a recently introduced biomarker of in-

flammation based on both neutrophil and lymphocyte counts [5].

Cardiovascular disease is the leading cause of death worldwide.
Increasing numbers of people are dying of ischemic heart disease, with
an additional 1.6 million deaths in 2017 compared to a decade earlier
[1]. Coronary care units (CCUs) are well-equipped system for the
managing severe cardiovascular disease, to markedly reduce this
burden. The first CCUs reduced mortality associated with acute myo-
cardial infarction (AMI) by 40% [2,3]. Over the past 50 years, advances
in CCUs have resulted in better outcomes, and the influence of early
biomarkers on CCU prognosis is worthy of exploration [4].

Inflammation plays a major role in the pathogenesis of cardiovas-
cular and other critical illnesses. The relative ratio of leukocyte sub-
types reflects the initiation of inflammation. The neutrophil-
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Neutrophils are activated in nonspecific inflammation, while the lym-
phocyte count indicates that the body is under stress or has weak im-
munity. The NLR uses both as a more comprehensive biomarker [6].
The systemic inflammatory response triggered by organ dysfunction in
critical ill patients increases the NLR. The NLR is a better predictor of
severity and outcome in patients with infectious and oncological dis-
eases than conventional biomarkers such as C-reactive protein and the
white blood cell (WBC) count [7-11].

The NLR also predicts both the risk and outcome in patients with
cardiovascular events, which are the major cause of CCU admission. In
patients with advanced heart failure, a low lymphocyte ratio, which
indicates a high NLR, is associated with poorer long-term survival [12].
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Another study showed that a high NLR is associated with a poor
prognosis in patients with acute coronary syndrome (ACS) [13]. The
NLR a useful predictor of the long-term mortality in patients under-
going percutaneous coronary intervention [14]. However, it remains
unclear whether it is associated with all-cause mortality in CCU pa-
tients. In this study, we investigated the association between NLR and
CCU outcomes.

2. Methods
2.1. Data source

The data studied were from the openly available Multiparameter
Intelligent Monitoring in Intensive Care III (MIMIC-III) database ver.
1.4. The MIMIC-III comprises deidentified health data for > 50,000
critical care patients admitted to Beth Israel Deaconess Medical Center
(Boston, MA, USA) from 2001 to 2012 [15]. To access the database, we
completed the National Institutes of Health's web-based course Pro-
tecting Human Research Participants.

This database was approved by the institutional review boards of
Massachusetts Institute of Technology (Cambridge, MA, USA) and Beth
Israel Deaconess Medical Center (Boston, MA, USA). All personal in-
formation has been removed to protect the privacy of the included
patients.

2.2. Population selection criteria

Of 58,976 recorded intensive care unit (ICU) patients in the MIMIC-
III database, patients admitted to the CCU were included. Patients who
were older than 18 years old at their first admission and hospitalized
for > 2 days were selected. Patients were excluded if they met the cri-
teria: had no data on the neutrophil or lymphocyte count within the
first 24 h of admission, had > 5% missing data, and/or were diagnosed
with hematological diseases such as leukemia or lymphoma.

2.3. Data extraction

Structure query language (SQL) was used to extract data from the
database. The extracted data included age, sex, ethnicity, heart rate,
respiratory rate, temperature, mean blood pressure (MBP), systolic
blood pressure (SBP), diastolic blood pressure (DBP), percutaneous
oxygen saturation (SPO,), and vasoactive drug use. Comorbidities in-
cluded coronary artery disease (CAD), chronic heart failure (CHF), at-
rial fibrillation (AF), endocarditis, sepsis, acute kidney injury (AKI),
chronic renal disease, pneumonia, chronic obstructive pulmonary dis-
ease (COPD), acute respiratory distress syndrome (ARDS), respiratory
failure, malignancy, stroke, and chronic liver disease. Laboratory
parameters included the neutrophil, and lymphocyte counts, he-
moglobin, platelet, and WBC counts, anion gap, serum levels of bi-
carbonate, chloride, glucose, potassium, sodium, hematocrit, serum
creatine (SCr), and blood urea nitrogen (BUN). The severity of illness
was measured using the simplified Acute Physiology Score III (APS III)
[16]. The follow-up was started from the date of admission and ended
at death. The primary outcome was 30-day mortality and the secondary
outcome was 90-day mortality. The extracted data were recorded
within 24 h of admission to Beth Israel Deaconess Medical Center.

2.4. Statistical analyses

The study population was subdivided three groups according to the
NLR. Data are presented are the mean = standard deviation and in-
terquartile range (IQR) for continuous variables, and as frequencies for
categorical data. Differences among the NLR groups were compared
using the Kruskal-Wallis test for continuous variables and the y test or
Fisher's exact test (expected frequency < 10) for categorical variables.

The association between the NLR and mortality was determined
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using Cox proportional hazards models and presented as hazard ratios
(HRs) with 95% confidence intervals (CIs). The NLR values were di-
vided into tertiles or quintiles, with the first tertile or quintile selected
as the reference group. Multivariable analyses were used to control for
confounders. Model 1 was adjusted for the confounders age, sex and
ethnicity. In addition, Model 2 adjusted for the confounders age, sex,
ethnicity, heart rate, SBP, DBP, respiratory rate, temperature, SPO,,
AKI, sepsis, AF, CAD, chronic liver disease, malignancy, respiratory
failure, pneumonia, APS III score, vasopressin use, anion gap, serum
bicarbonate, chloride, potassium, sodium, glucose, hematocrit, WBC,
SCr, and BUN. These confounders were selected based on their asso-
ciations with the outcomes or a change in the effect estimate exceeding
10% [17]. We performed stratification analyses to check if the asso-
ciation differed for subgroups classified using different parameters and
comorbidities including CAD, CHF, AF, endocarditis, AKI, pneumonia,
respiratory failure, ARDS, sepsis, COPD, chronic renal disease, malig-
nancy, stroke, chronic liver disease, vasoactive drug use, APS III score,
heart rate, SBP, DBP, MBP, respiratory rate, temperature, and SPO,.

A two-sided p < 0.05 was considered statistically significant. R
software (http://www.R-project.org) was used to perform the statistical
analyses.

3. Results
3.1. Subject characteristics

In all, 3563 patients who met the selection criteria were enrolled.
They were divided into three groups according to the NLR: < 4.80
(n = 1188); 4.80-10.08 (n = 1187); and =10.09 (n = 1188). Table 1
summarizes the characteristics of the NLR groups including, vital signs,
laboratory parameters and comorbidities. Patients with a high NLR
tended to be older, white, with a higher heart rate, lower blood pres-
sure, respiratory rate, body temperature, SPO,, and APS III scores, and a
history of vasoactive drug use, AKI, sepsis, CHF, AF, chronic renal
disease, COPD, malignancy, respiratory failure, and pneumonia. Pa-
tients with a higher NLR tended not to have CAD.

3.2. Association between NLR and 30- and 90-day mortality

There were 598 30-day deaths and 811 90-day deaths. A high NLR
was associated with the risk for 30- and 90-day all-cause mortality in
CCU patients (Table 2). For 30-day mortality, the HR (95% CI) for the
second (4.80-10.08) and third (=10.09) tertiles was 1.57 (1.24, 1.97)
and 2.76 (2.23, 3.41), respectively, compared to the first tertile
(< 4.80). Model 1, which was adjusted for age, sex and ethnicity, the
HR (95% CI) of 30-day mortality for the second (4.80-10.08) and third
(=10.09) tertiles was 1.49 (1.18, 1.88) and 2.55 (2.06, 3.16), respec-
tively, compared to the first tertile (< 4.80). In Model 2, which was
adjusted for multiple confounders, the trend was similar to previous
models. The HR (95% CI) for the second (4.80, 10.08) and third
(=10.09) tertiles was 1.37 (1.08, 1.73) and 1.45 (1.16, 1.83), respec-
tively, compared to the reference (< 4.80). In quintile analyses, the
fifth quintile (=14.17) had a higher HR (95% CI) than the reference
(< 3.34) in three models. However, in Model 2, the HR (95% CI) of the
fourth quintile (8.82-14.16) was 1.55 (1.15, 2.10), which was higher
than the HR (95% CI) [1.44 (1.07, 1.94)] of the fifth quintile (=14.17).
The association between NLR and the mortality risk was more sig-
nificant in the relatively higher NLR quintiles (NLR = 5.65), while the
second (3.34-5.64) and third (5.65-8.81) quintiles showed no sig-
nificantly increased mortality risk compared to the first quintile
(< 3.34) in Model 2.

For 90-day mortality, a similar trend was observed. Model 2 (p trend
0.0003), the HR (95% CIs) for the second (4.80-10.08) and third
(=10.09) tertiles was 1.41 (1.15, 1.72) and 1.51 (1.24, 1.84), respec-
tively, compared to the first tertile (< 4.80). In the quintile analyses, a
similar decrease in HR (95% CI) [1.52 (1.18, 1.97)] of the fifth quintile
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Table 1
Baseline characteristics of the study population.
Characteristics Neutrophil-lymphocyte ratio p value
< 4.80 4.80-10.08 =>10.09
NLR 29 + 1.2 7.2 = 1.5 20.6 = 14.7 < 0.001
N 1188 1187 1188
Age, years 66.8 = 16.4 68.5 = 159 70.0 = 14.7 < 0.001
Sex, n (%) 0.32
Female 492 (41.4) 480 (40.4) 516 (43.4)
Male 696 (58.6) 707 (59.6) 672 (56.6)
Ethnicity, n (%) < 0.001
White 839 (70.6) 847 (71.4) 867 (73.0)
Black 131 (11.0) 81 (6.8) 57 (4.8)
Other 218 (18.4) 259 (21.8) 264 (22.2)
Vital signs
Heart rate, 78.1 + 16.6 82.0 + 16.4 85.4 + 17.2 < 0.001
beats/min
SBP, mm Hg 1179 = 17.8 116.0 = 17.1 113.1 = 16.2 < 0.001
DBP, mm Hg 62.0 = 11.6 60.4 = 11.1 58.8 = 10.6 < 0.001
MBP, mm Hg 78.8 = 11.7 77.2 = 11.2 75.3 = 10.5 < 0.001
Respiratory 185 * 3.5 19.3 = 3.9 20.1 = 4.2 < 0.001
rate, beats/
min
Temperature, 36.7 = 0.6 36.8 £ 0.7 36.8 = 0.8 < 0.001
°C
SPO,, % 97.1 = 2.0 96.8 + 2.3 96.9 + 2.6 0.024
Laboratory
parameters
Neutrophil 649 + 12.4 81.3 + 5.2 88.3 £ 5.8 < 0.001
count, n (%)
Lymphocyte 263 = 109 11.8 + 2.3 5.4 * 2.0 < 0.001
count, n (%)
Anion gap, 13.1 * 3.2 13.6 = 3.2 14.2 * 3.5 < 0.001
mmol/1
Serum 23.0 = 4.3 22.5 + 4.8 21.5 = 5.6 < 0.001
bicarbonate,
mmol/1
Serum 101.8 = 5.1 101.4 = 5.7 101.1 = 6.5 0.021
chloride,
mmol/1
Serum glucose, 1141 = 384 1204 = 415 124.8 + 46.8 < 0.001
mg/dl
Serum 3.8 = 05 3.8 =05 3.9 = 0.6 0.313
potassium,
mmol/1
Serum sodium, 136.9 = 4.2 136.5 = 4.9 136.2 = 5.2 0.008
mmol/1
Hematocrit, % 32.7 = 6.2 32.0 =+ 6.2 31.2 = 5.6 < 0.001
Hemoglobin, 11.2 + 2.2 109 * 2.2 10.6 + 1.9 < 0.001
gvdl
Platelet count, 212.8 £ 92.7 2159 * 101.2 230.8 = 113.1 < 0.001
10°/1
WBC count, 8.6 + 6.0 10.2 + 4.1 13.2 + 6.5 < 0.001
10°/1
SCr, mg/dl 1.3+ 1.4 15 = 1.4 16 = 1.4 < 0.001
BUN, mg/dl 23.7 + 18.6 28.1 + 19.8 33.6 £ 23.6 < 0.001
Vasoactive drug < 0.001
use, n (%)
Yes 344 (29.0) 354 (29.8) 521 (43.9)
No 844 (71.0) 833 (70.2) 667 (56.1)
Comorbidities, n
(%)
AKI < 0.001
Yes 704 (59.3) 838 (70.6) 931 (78.4)
No 484 (40.7) 349 (29.4) 256 (21.6)
Sepsis < 0.001
Yes 38 (3.2) 75 (6.3) 141 (11.9)
No 1150 (96.8) 1112 (93.7) 1047 (88.1)
Endocarditis 0.004
Yes 0 (0.0) 0 (0.0) 6 (0.5)
No 1188 (100.0) 1187 (100.0) 1182 (99.5)
CHF < 0.001
Yes 290 (24.4) 374 (31.5) 395 (33.2)
No 898 (75.6) 813 (68.5) 793 (66.8)
AF < 0.001
Yes 315 (26.5) 422 (35.6) 453 (38.1)
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Table 1 (continued)

Characteristics Neutrophil-lymphocyte ratio p value
< 4.80 4.80-10.08 >10.09
No 873 (73.5) 765 (64.4) 735 (61.9)
Chronic renal 0.004
disease
Yes 176 (14.8) 217 (18.3) 237 (19.9)
No 1012 (85.2) 970 (81.7) 951 (80.1)
Chronic liver 0.7
disease
Yes 34 (2.9) 41 (3.5) 39 (3.3)
No 1154 (97.1) 1146 (96.5) 1149 (96.7)
COPD 0.006
Yes 14 (1.2) 23 (1.9) 36 (3.0)
No 1174 (98.8) 1164 (98.1) 1152 (97.0)
CAD < 0.001
Yes 677 (57.0) 604 (50.9) 566 (47.6)
No 511 (43.0) 583 (49.1) 622 (52.4)
Stroke 0.416
Yes 75 (6.3) 64 (5.4) 79 (6.6)
No 1113 (93.7) 1123 (94.6) 1109 (93.4)
Malignancy 0.013
Yes 108 (9.1) 120 (10.1) 151 (12.7)
No 1080 (90.9) 1067 (89.9) 1037 (87.3)
Respiratory < 0.001
failure
Yes 199 (16.8) 293 (24.7) 406 (34.2)
No 989 (83.2) 894 (75.3) 782 (65.8)
ARDS 0.251
Yes 18 (1.5) 15 (1.3) 25 (2.1)
No 1170 (98.5) 1172 (98.7) 1163 (97.9)
Pneumonia < 0.001
Yes 170 (14.3) 288 (24.3) 403 (33.9)
No 1018 (85.7) 899 (75.7) 785 (66.1)
APS III 39.5 = 18.2 43.7 = 18.1 51.9 = 22.3 < 0.001
Mortality, n (%)
30-day < 0.001
Yes 118 (9.9) 180 (15.2) 300 (25.3)
No 1070 (90.1) 1007 (84.8) 888 (74.7)
90-day < 0.001
Yes 161 (13.6) 256 (21.6) 394 (33.2)
No 1027 (86.4) 931 (78.4) 794 (66.8)

Abbreviations: SBP systolic blood pressure, DBP diastolic blood pressure, MBP
mean blood pressure SPO, percutaneous oxygen saturation, CHF chronic heart
failure, AKI acute kidney injury, CAD coronary artery disease, ARDS acute re-
spiratory distress syndrome, AF atrial fibrillation, COPD chronic obstructive
pulmonary disease, WBC white blood cell, SCr serum creatine, BUN blood urea
nitrogen, APS III acute physiology score IIl. Data were presented as the
mean * SD and n (%).

(=14.17) was observed compared to the fourth [8.82-14.16; HR (95%
CI) 1.60 (1.23, 2.07)], and the tendency (p trend 0.0032) was more
significant than that for 30-day mortality (p trend 0.0212).

3.3. Subgroup analyses

Subgroup analysis revealed the associations between the NLR and
30-day mortality of CCU patients with different parameters and co-
morbidities (Table 3). The interactions between most subgroup factors
and the risk for 30-day mortality were weakly significant, except for
AKI (p = 0.0344), respiratory failure (p = 0.0031), and pneumonia
(p = 0.0479). Patients with a history of AKI had a significant lower 30-
day mortality risk for NLR 4.80-10.08 [HR (95% CI) 1.35 (1.04, 1.77)]
and NLR = 10.09 [HR (95% CI) 2.12 (1.66, 2.72)], While patients with
respiratory failure had lower risks with NLR 4.80-10.08 [HR (95% CI)
1.02 (0.72, 1.46) vs HR (95% CI) 1.61 (1.18, 2.19)] and NLR = 10.09
[HR (95% CI) 1.38 (1.00, 1.91) vs. HR (95% CI) 2.92 (2.19, 3.88)].
Similarly, pneumonia patients with NLR 4.80-10.08 [HR (95% CI) 0.94
(0.62, 1.44) vs. HR (95% CI) 1.65 (1.25, 2.18)] and NLR = 10.09 [HR
(95% CI) 1.57 (1.08, 2.29) vs. HR (95% CI) 2.74 (2.11, 3.57)] had a
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Table 2
HRs (95% CIs) for all-cause mortality across groups of neutrophil-to-lymphocyte ratios.
Exposure Non-adjusted Model 1 Model 2
HR (95% CIs) p value p trend HR (95% ClIs) p value p trend HR (95% ClIs) p value p trend
30-Day all-cause mortality
Tertiles < 0.0001 < 0.0001 0.0050
< 4.80 1 1 1
4.8-10.08 1.57 (1.24, 1.97) 0.0002 1.49 (1.18, 1.88) 0.0008 1.37 (1.08, 1.73) 0.0102
=10.09 2.76 (2.23, 3.41) < 0.0001 2.55 (2.06, 3.16) < 0.0001 1.45 (1.16, 1.83) 0.0013
Quintiles < 0.0001 < 0.0001 0.0212
< 3.34 1 1 1
3.34-5.64 1.27 (0.91, 1.76) 0.1615 1.19 (0.85, 1.65) 0.3146 1.09 (0.77, 1.53) 0.6384
5.65-8.81 1.71 (1.25, 2.34) 0.0007 1.61 (1.18, 2.20) 0.0029 1.34 (0.98, 1.85) 0.0697
8.82-14.16 2.81 (2.10, 3.76) < 0.0001 2.52 (1.88, 3.37) < 0.0001 1.55 (1.15, 2.10) 0.0040
=14.17 3.25 (2.44, 4.32) < 0.0001 2.93 (2.20, 3.91) < 0.0001 1.44 (1.07, 1.94) 0.0172
90-Day all-cause mortality
Tertiles < 0.0001 < 0.0001 0.0003
< 4.80 1 1 1
4.8-10.08 1.66 (1.36, 2.02) < 0.0001 1.59 (1.31, 1.94) < 0.0001 1.41 (1.15, 1.72) 0.0010
=10.09 2.75 (2.29, 3.31) < 0.0001 2.57 (2.14, 3.10) < 0.0001 1.51 (1.24, 1.84) < 0.0001
Quintiles < 0.0001 < 0.0001 0.0032
<3.34 1 1 1
3.34-5.64 1.40 (1.06, 1.85) 0.0179 1.31 (1.00, 1.74) 0.0542 1.19 (0.90, 1.59) 0.2290
5.65-8.81 1.79 (1.37, 2.33) < 0.0001 1.70 (1.30, 2.21) 0.0001 1.38 (1.05, 1.81) 0.0214
8.82-14.16 2.79 (2.17, 3.58) < 0.0001 2.52 (1.96, 3.23) < 0.0001 1.60 (1.23, 2.07) 0.0004
=14.17 3.26 (2.55, 4.17) < 0.0001 2.98 (2.33, 3.81) < 0.0001 1.52 (1.18, 1.97) 0.0014

Cox proportional hazards regression models were used to calculate hazard ratios (HRs) with 95% confidence intervals (CIs).

Model 1 was adjusted for the confounders age, sex and ethnicity.

Model 2 was adjusted for the confounders age, sex and ethnicity, including age, gender, ethnicity, heart rate, SBP, DBP, respiratory rate, temperature, SPO,, AKI,
sepsis, AF, CAD, chronic liver disease, malignancy, respiratory failure, pneumonia, APS score, vasopressin use, anion gap, serum bicarbonate, serum chloride, serum

glucose, serum potassium, serum sodium, hematocrit, WBC, SCr, and BUN.

decreased risk for 30-day mortality.

4. Discussion

This study, we determined the correlations between NLR and CCU
mortality. Both 30- and 90-day mortality risks were increased in CCU
patients with a high NLR. The reference value of NLR in healthy adults,
proposed by Forget et al. [18], is 0.87-3.53 and was covered by our first
tertile (< 0.48), while the highest values of NLR in a tertile or quintile
exceeded 3- to 4-times the normal value, indicating a severe illness and
loss of homeostasis. Balta et al. [19,20] reported that the NLR was a
useful mortality marker in all conditions; however, it is uncertain
whether it can be used as a marker of CCU mortality. Several studies
have identified a relationship between NLR values and cardiovascular
disease, which is the major problem in the CCU that may lead to a poor
prognosis, although it is not fully responsible for death. A meta-analysis
of 38 studies demonstrated the relevance of a high NLR and the risks of
CAD, ACS, stroke, and composite cardiovascular events [21]. Gibson
et al. [22] investigated the association between an elevated NLR and
poor survival in 1938 patients undergoing coronary artery bypass
grafting. Tamhane et al. [13] demonstrated a relationship between a
high NLR and a poor 6-month mortality in patients with ACS. For pa-
tients with ST-elevated myocardial infarction undergoing primary cor-
onary intervention, NLR is independently associated with the devel-
opment of no reflow and in-hospital major adverse cardiac events [23],
and predicts for both in-hospital and long-term adverse outcomes [24].
Similarly, it has been investigated as a predictor of both mortality and
heart transplantation in patients with heart failure [25]. Therefore,
patients with a higher NLR are not only at higher risk for cardiovascular
diseases but also has poor outcomes. These studies may explain the
correlation between NLR and CCU mortality observed in our study. The
NLR correlates with cardiovascular diseases via multiple possible me-
chanisms. In left ventricular dysfunction and heart failure, systematic
stress is triggered with elevated cortisol levels, altering the direction of
leukocyte differentiation, leading to lymphopenia [26]. In the

pathogenesis of atherosclerosis, neutrophils are involved in athero-
sclerotic plaque formation by secreting inflammatory cytokines, while
lymphocyte regulatory T-cells have anti-atherosclerosis effects [27]. A
higher NLR may also be related to AF [28], aortic stenosis [29], en-
dothelial damage, and thromboembolism [30]. These evidences further
support the association between NLR and cardiovascular disease and
provide explanation for the burden of high NLR in CCU prognosis.

However, an extremely high NLR was related to lower mortality
risk. For both 30- and 90-day mortality, the quintile with the highest
NLR (=14.17) showed a slight reduction compared to the second-
highest quintile (8.82-14.16), though mortality risk remained high.
Bermejo-Martin et al. [31] demonstrated that fewer circulating neu-
trophils, likely caused by increased neutrophil adhesion to the vascular
endothelium in sepsis, was related to higher mortality. The activation of
innate T cells can worsen the inflammatory state and may contribute to
mortality in ICU patients with sepsis, stroke and respiratory diseases
[32]. Both of these possible mechanisms lead to respectively a lower
NLR, which may explain the highest mortality risk in the second-
highest quintile of NLR.

In subgroup analyses of 30-day mortality, AKI, pneumonia, and
respiratory failure were comorbidities that were related to a better
prognosis in CCU patients. AKI, defined as a sudden loss of renal
function within 7 days, is generally accompanied by poor in-hospital
and long-term survival. A cohort study found that ICU patients with AKI
surviving 30 days shows higher risks in one-year mortality compared to
AKI free patients (20.5-23.8% vs. 10.7%) [33]. However, in another
study, the association between 3-year mortality and AKI in 30-day was
not significant [34]. Hence, the relationship between AKI and long-term
outcome is unclear. It is thought that the long-term survival of AKI
patients is not intrinsically related to AKI but is more closely related to
advanced age and pre-comorbidities. This might explain our results.
Comorbidities may increase the risk or death in non-AKI patients. Si-
milarly, a reduced mortality risk was observed in patients with re-
spiratory failure and pneumonia compared to other CCU patients. The
improved survival might be promoted by systemic antimicrobial



H. Sun, et al.

Table 3

Subgroup analysis of the associations between 30-day all-cause mortality and the neutrophil-lymphocyte ratio.
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Subgroups N Neutrophil-lymphocyte ratio p for interaction
< 4.80 4.80-10.08 =10.09

AKI 0.0344
Yes 2473 1 1.35 (1.04, 1.77) 2.12 (1.66, 2.72)
No 1089 1 1.64 (1.02, 2.64) 3.75 (2.42, 5.81)

Sepsis 0.0991
Yes 254 1 0.81 (0.42, 1.56) 1.19 (0.66, 2.15)
No 3309 1 1.51 (1.18, 1.94) 2.48 (1.97, 3.13)

Endocarditis
Yes 6 1 NA NA
No 3557 1 1.49 (1.18, 1.88) 2.54 (2.05, 3.14)

CHF 0.4369
Yes 1059 1 1.43 (0.91, 2.25) 2.15 (1.40, 3.30)
No 2504 1 1.54 (1.17, 2.02) 2.81 (2.19, 3.60)

AF 0.5043
Yes 1190 1 1.41 (0.98, 2.04) 2.24 (1.59, 3.15)
No 2373 1 1.49 (1.10, 2.01) 2.75 (2.09, 3.61)

Chronic renal disease 0.3109
Yes 630 1 1.23 (0.74, 2.05) 1.85 (1.16, 2.95)
No 2933 1 1.58 (1.21, 2.05) 2.78 (2.18, 3.54)

Chronic liver disease 0.8899
Yes 114 1 1.18 (0.43, 3.18) 2.14 (0.86, 5.34)
No 3449 1 1.51 (1.19, 1.91) 2.57 (2.06, 3.20)

COPD 0.6659
Yes 73 1 0.79 (0.07, 9.37) 0.94 (0.08, 10.55)
No 3490 1 1.49 (1.18, 1.89) 2.58 (2.08, 3.20)

CAD 0.0573
Yes 1847 1 1.90 (1.32, 2.73) 3.17 (2.26, 4.45)
No 1716 1 1.15 (0.85, 1.55) 1.95 (1.48, 2.57)

Stroke 0.6493
Yes 218 1 1.21 (0.55, 2.70) 1.86 (0.94, 3.66)
No 3345 1 1.53 (1.20, 1.96) 2.64 (2.11, 3.31)

Malignancy 0.6171
Yes 379 1 1.30 (0.73, 2.31) 2.05 (1.23, 3.41)
No 3184 1 1.54 (1.20, 1.99) 2.63 (2.07, 3.32)

Respiratory failure 0.0031
Yes 898 1 1.02 (0.72, 1.46) 1.38 (1.00, 1.91)
No 2665 1 1.61 (1.18, 2.19) 2.92 (2.19, 3.88)

ARDS 0.0776
Yes 58 1 0.54 (0.10, 2.85) 0.51 (0.12, 2.10)
No 3505 1 1.54 (1.21, 1.95) 2.66 (2.14, 3.30)

Pneumonia 0.0479
Yes 861 1 0.94 (0.62, 1.44) 1.57 (1.08, 2.29)
No 2702 1 1.65 (1.25, 2.18) 2.74 (2.11, 3.57)

APS 1II score 0.1476
<41 1727 1 1.34 (0.80, 2.22) 2.40 (1.48, 3.91)
=41 1836 1 1.28 (0.98, 1.66) 1.82 (1.43, 2.31)

Confounders adjustment were performed as in Model 1 (Table 2). Cox proportional hazards regression models were used to calculate hazard ratios (HRs) with 95%

confidence intervals (CIs).
* p < 0.01.
* p < 0.05.

therapy and advanced ventilatory strategies. Moreover, in the AKI
subgroup, mortality risk increased with the NLR, which has long been
used as a predictor of AKI caused by various comorbidities, including
burn surgery, cirrhotic patients, and patients with contrast use in per-
cutaneous coronary intervention [35-37]. A retrospective review of
590 patients with a history of cardiovascular surgery showed that an
elevated NLR on postoperative day 1 increased the risk or AKI and 1-
year mortality [38]. Lai et al. [39] observed that NLR is independently
associated with 30- and 90-day mortality in critically ill patients with
AKI. Therefore, the higher NLR in AKI patients reflects severity and
mortality.

We investigated the potential use of the NLR for predicting the
mortality of patients admitted to the CCU, and proposed a new in-
dicator for CCU monitoring and prognosis. The NLR is an easy-to-
measure indicator that is convenient for clinic use. NLR measurement at
admission may be used for risk stratification to provide a reference for
early intervention. A large population was examined, adding to the
strength of our study. However, several limitations of this study should

be noted. As a single-center retrospective observational study, inherent
biases in this study cannot be ignored. Moreover, the NLR was de-
termined only in patients admitted to the CCU, resulting in un-
preventable selection bias. In addition, other than clinical parameters
and comorbidities, data on social and natural factors that may affect
mortality, could not be obtained, leading to confounding bias.
Moreover, the mechanisms through which subgroup factors interacted
with the NLR and mortality risk were not fully elucidated. Further re-
search on this is necessary. Finally, no inflammatory mediators other
than NLR were measured in this study and the NLR was measured only
once. The possible effects of different processes and dynamic changes in
the inflammatory response cannot be addressed.

5. Conclusion
A high NLR was associated with increased all-cause mortality risk in

CCU patients, although the highest NLR (=10.17) was associated with
slight decreases 30- and 90-day mortality risk compared to the second-
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highest NLR (8.82-14.16) in quintile analyses. The NLR is a promising
clinical biomarker as an integrated, readily available predictor of CCU
mortality. Our findings need to be validated by studies of different
populations, particularly large prospective studies with longer follow-

up.
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