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 Background: Inflammation plays an important part in the pathogenesis of cardiogenic shock (CGS). Whether the neutro-
phil-lymphocyte ratio (NLR), an integrated biomarker of inflammation, is associated with the outcome of CGS 
patients remains unknown. This retrospective cohort study was performed to identify the utility of using NLR 
among patients with CGS.

 Material/Methods: Data were extracted from the MIMIC database. We applied smooth curve fitting to define the NLR cutoff val-
ues. The primary outcome was 30-day mortality. Cox proportional hazards models, subgroup analysis, and re-
ceiver operator characteristic (ROC) curve analysis were performed.

 Results: A total of 1470 CGS patients were extracted, among which 801 (54.5%) were men. The mean age of the popu-
lation was 70.37 years. An inverse U-shaped relationship was observed between NLR and mortality in CGS pa-
tients, with the highest risk being at values ranging from 9.4 to 15. For the primary outcome of 30-day mor-
tality, the adjusted HR (95% CI) values of the middle tertile (NLR 9.4–15) and the upper tertile (NLR >15) were 
1.47 (1.14, 1.88) and 1.22 (0.94, 1.57) compared with the reference of lower tertile (NLR <9.4). ROC curve anal-
ysis showed that NLR had a more sensitive prognostic value in predicting 30-day mortality of CGS than the 
neutrophil or lymphocyte percentage alone (0.660 vs. 0.540, 0.549).

 Conclusions: An inverse U-shaped curve was presented between NLR and the mortality of CGS. NLR seemed to be a readily 
available and independent prognostic biomarker for patients with CGS. The prognostic value of NLR was more 
sensitive than the neutrophil or lymphocyte percentage alone, but not as good as SOFA or SAPSII score.
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Background

Cardiogenic shock (CGS), a severe state of systemic hypoper-
fusion, is an urgent complication of cardiovascular diseases. 
Beginning with cardiac dysfunction, CGS often leads to multi-
ple organ failure and, ultimately, death [1,2]. Although less fre-
quent than other fatal diseases, in-hospital and overall mortal-
ity of CGS are unacceptably high. Due to the poor outcomes, 
finding effective prognostic indicators in CGS patients would 
assist physicians to make medical decisions and identify pa-
tients at high risk.

Studies have shown that inflammation plays a vital part in 
the development of cardiovascular diseases. As a fatal com-
plication of cardiac diseases, CGS has also been reported to 
be associated with inflammation. Among inflammatory fac-
tors, neutrophils are considered to be a marker of inflamma-
tion [3]. The neutrophil-lymphocyte ratio (NLR), a recently in-
troduced biomarker of inflammation [4,5], is combined with 
neutrophil and lymphocyte counts. Easily acquired from rou-
tine laboratory tests, NLR has already been used to predict the 
outcome of neoplastic diseases [6–9]. Recently, more studies 
have detected the prognostic value of NLR in cardiovascular 
events. One study reported that a high NLR is associated with 
poor prognosis in patients with acute coronary syndrome [10]. 
Another showed that NLR is a useful predictor of long-term 
mortality in patients undergoing percutaneous coronary in-
tervention [11]. Our recent study found that NLR was an in-
dependent predictor of 30- and 90-day mortality for coronary 
care unit (CCU) patients [12].

No study up to now, however, has assessed the prognostic val-
ue of NLR in CGS patients. Therefore, this retrospective cohort 
study was performed to explore the associations between NLR 
and mortality in CGS patients.

Material and Methods

Data source

We extracted all data from a large, open, and free database – 
the Medical Information Mart for Intensive Care Database III 
version 1.4 (MIMIC-III v1.4). The database contains more than 
50 000 patients admitted to the CCU at Beth Israel Deaconess 
Medical Center from 2001 to 2012 [13]. The establishment and 
employment of this database were approved by the Institutional 
Review Boards of the Massachusetts Institute of Technology 
and Beth Israel Deaconess Medical Center. The database de-
identified all personal information to safeguard patient privacy.

Population selection criteria

From the MIMIC-III database, we just extracted the patients 
definitely diagnosed with CGS. The definition of CGS was de-
termined on the basis of the Ninth Revision of International 
Classification of Diseases (ICD-9), coded as R57.001. These pa-
tients be over age 16 years at first admission, and the length 
of stay in hospital must exceed 48 h. Patients were exclud-
ed if they met any of the following conditions: (1) diagnosed 
with hematologic tumors, such as multiple myeloma and leu-
kemia; (2) more than 10% of individual data is missing; (3) in-
dividual data values exceeded the mean ±3 times the stan-
dard deviation (SD).

Date extraction

Data were extracted through Structured Query Language 
(SQL) [14] with MySQL tools from MIMIC-III. We recorded base-
line characteristics within 24 h after patients were first admit-
ted to the ICU, including demographic parameters, basic vital 
signs, laboratory indicators, and scoring systems.

Demographic parameters contained age, sex, and ethnicity. 
Basic vital signs were temperature, heart rate, respiratory rate, 
mean blood pressure (MBP), systolic blood pressure (SBP), dia-
stolic blood pressure (DBP), and percutaneous oxygen satu-
ration (SPO2). Laboratory indicators included anion gap, se-
rum potassium, serum sodium, serum bicarbonate, and serum 
glucose. Relevant comorbidities were also extracted, includ-
ing coronary heart disease (CAD), atrial fibrillation (AF), con-
gestive heart failure (CHF), pneumonia, respiratory failure, 
chronic liver disease, chronic renal disease, stroke, and malig-
nancy. Clinical severity scales, including the Sequential Organ 
Failure Assessment (SOFA) [15] score and the Simplified Acute 
Physiology Score II (SAPS II) [16], were also extracted. These 
scores were assessed according to the published recommen-
dations and well-accepted formulas.

NLR was defined as the ratio of the neutrophil count to the lym-
phocyte count. Our study began on the patients’ first admis-
sion to the ICU. The outcomes of our study were 30-, 90-, and 
365-day mortality. The primary outcome was 30-day mortality.

Processing of missing values

For missing dependent variables, we did a sensitivity com-
parative analysis between participants with vs. without NLR 
data. The purpose of this sensitivity analysis was to investi-
gate whether NLR missing is random, and whether it would 
bias our findings. Our results demonstrated that nearly all vari-
ables were similar in patients with available data on NLR and 
participants with missing data on NLR.
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2,965 patients primary screened

237 less than 16 years old

712 stay in hospital for less than 48 hours

267 individual data missing more than 10%

146 have large outliers

133 with hematologic tumors

1,470 inluded in our study

Figure 1.  Flow chart of the population included in the study.

For missing covariates, we used multiple multivariate impu-
tations. Our purpose was to maximize statistical power and 
minimize bias that might occur when covariates with miss-
ing data were excluded from data analyses. We created 5 im-
puted datasets with chained equations using a Mice software 
package. In addition, we used sensitivity analysis to identify 
whether the created complete data were significantly differ-
ent from pre-imputation data. Our findings demonstrated 
that the created complete data showed no significant differ-
ence from raw data. Therefore, all results of our multivariable 
analyses were based on the imputed datasets and were com-
bined with Rubin’s rules.

Statistical analysis

Baseline characteristics were presented according to the cut-
offs of NLR level. Categorical data were expressed as frequency 
(percentage) and continuous data as mean (SD). Comparisons 
between groups were performed by chi-square test [17] or 
Fisher’s exact test [18] for categorical data and the variance 
analysis or the Kruskal-Wallis test [19] for continuous data.

Cox proportional hazards modeling [20] was performed to an-
alyze the associations between NLR and outcomes. Every out-
come was respectively analyzed according to the cutoffs of 
NLR level derived with curve fitting methods. The first tertile 
or quartile was used as the reference. The results were shown 
as hazard ratios (HRs) with 95% confidence intervals (CIs). 
Multivariate analyses were applied to further identify the rela-
tionship between NLR and mortality. The confounding factors 
were selected depending on their associations with outcomes 
or the presence of more than 10% mutations [21]. In model I, 
covariates of age, sex, and ethnicity were adjusted. In model II, 
we adjusted further for heart rate, SBP, DBP, respiratory rate, 
SPO2, serum bicarbonate, serum potassium, SCr, BUN, hema-
tocrit, CAD, AF, CHF, respiratory failure, chronic renal disease, 
chronic liver disease, malignancy, SOFA score, and SAPSII score.

Subgroup analyses were performed to evaluate the consis-
tency of the association between NLR and 30-day mortality.

To further test the predictive value of NLR, we performed re-
ceiver operator characteristic (ROC) curve analysis for the 30-
day mortality based on the neutrophil percentage, the lympho-
cyte percentage, NLR, SOFA score, and SAPSII score.

We regarded a two-tailed P value <0.05 as indicating a sta-
tistically significant difference. EmpowerStats version 2.17.8 
(http://www.empowerstats.com/cn/) and R software version 
3.42 were used for statistical analysis.

Results

Baseline characteristics

According to the specific criteria, a total of 1470 CGS patients 
were included in our study. The flow chart of the included pop-
ulation is shown in Figure 1. The baseline characteristics of the 
study population were shown in Table 1. Among the included 
patients, 801 (54.5%) were men and most (69.9%) were white. 
The mean (SD) age of the population was 70.37 (13.5) years.

Based on the 30-day mortality according to the curve-fit-
ting method (Figure 2), we divided all included patients into 
3 groups: 893 in the low-NLR group (<9.4), 282 in the mid-
dle-NLR group (9.4–15), and 295 in the high NLR group (>15). 
In the middle-NLR group, most patients were male and had 
elevated heart rate, respiratory rate, serum glucose, hemato-
crit, hemoglobin, and platelet count.

NLR levels and mortality

The results for 30-, 90- and 365-day mortality across groups 
of NLR levels are presented in Table 2. We observed an in-
verse U-shaped relationship between NLR and mortality in 
CGS patients.

For the primary outcome of 30-day mortality, when NLR level 
was divided into tertiles, the HR (95% CI) values of the mid-
dle tertile (NLR 9.4–15) and the upper tertile (NLR >15) were 
1.61 (1.27, 2.04) and 1.38 (1.08, 1.77), respectively, compared 
with the reference of lower tertile (NLR <9.4), and the middle 
tertile had higher HR than the upper tertile. When adjusted 
for covariates of age, sex, and ethnicity in model I, the adjust-
ed HR (95% CI) values showed NLR of 9.4–15 and >15 were 
1.56 (1.23, 1.99) and 1.29 (1.01, 1.65), and the middle tertile 
still had higher HR than the upper tertile. After further adjust-
ment for heart rate, SBP, respiratory rate, and other confound-
ing factors in model II, the adjusted HR (95% CI) of the mid-
dle tertile [1.47 (1.14, 1.88)] was still statistically significant. 
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Neutrophil-lymphocyte ratio
P value

<9.4 9.4–15 >15

N 893 282 295

Age  69.7±13.3  70.0±13.5  71.4±13.8 0.050

Sex, n(%) 0.004

 Female  431 (48.3)  104 (36.9)  134 (45.4)

 Male  462 (51.7)  178 (63.1)  161 (54.6)

Ethnicity, n (%) 0.003

 White  614 (68.8)  195 (69.1)  218 (73.9)

 Black  120 (13.4)  20 (7.1)  24 (8.1)

 Other  159 (17.8)  67 (23.8)  53 (18.0)

LOS_ICU  5.8±6.8  7.5±9.5  8.6±11.5 <0.001

Vital signs

 Heart rate, beats/min  85.1±16.4  89.7±15.9  85.3±17.0 <0.001

 SBP, mmHg  107.7±15.5  106.3±15.4  107.1±14.5 0.352

 DBP, mmHg  57.2±9.9  57.3±10.5  56.3±9.5 0.374

 MBP, mmHg  73.1±10.1  73.4±10.8  73.0±9.9 0.796

 Respiratory rate, beats/minute  19.8±4.1  20.8±4.0  19.8±4.1 <0.001

 Temperature, °C  36.7±0.8  36.7±0.9  36.6±0.8 0.228

 SPO2, %  96.7±4.1  96.2±4.7  97.1±3.0 0.006

Laboratory parameters

 Anion gap, mmol/l  18.1±5.0  18.7±4.8  18.4±5.2 0.070

 Serum bicarbonate, mmol/l  25.1±5.3  24.1±4.2  24.0±4.7 <0.001

 Serum sodium, mmol/l  139.2±4.5  139.4±4.5  139.6±5.6 0.349

 Serum potassium, mmol/l  4.9±1.0  5.0±1.0  5.0±1.1 0.213

 Serum chloride, mmol/l  104.7±6.5  105.7±6.3  105.9±7.7 0.011

 Serum glucose, mg/dl  203.2±112.9  233.7±142.7  220.5±101.0 <0.001

 BUN, mg/dl  41.8±26.9  39.1±25.5  43.5±28.6 0.132

 SCr, mg/dl  2.2±2.0  2.0±1.4  2.3±2.2 0.205

 Hematocrit  36.0±6.4  36.9±6.2  35.9±5.7 0.042

 Hemoglobin, g/dl  11.8±2.2  12.2±2.2  11.7±1.9 0.017

 Platelet count, 109/l  252.9±122.0  277.5±121.2  270.0±122.4 <0.001

 WBC count, 109/l  13.2±6.8  15.8±6.7  17.1±8.4 <0.001

 Neutrophil,%  72.8±13.4  86.0±5.7  89.4±6.1 <0.001

 Lymphocyte,%  18.9±11.4  7.2±1.0  4.1±1.1 <0.001

Table 1. Baseline characteristics of the study population.
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Table 1 continued. Baseline characteristics of the study population.

N – number; LOS_ICU – length of stay in intensive care unit; SBP – systolic blood pressure; DBP – diastolic blood pressure; MBP – mean 
blood pressure; SPO2 – percutaneous oxygen saturation; BUN – blood urea nitrogen; SCr – serum creatinine; WBC – white blood cell; 
CAD – coronary heart disease; CHF – congestive heart failure; AF – atrial fibrillation; SOFA – Sequential Organ Failure Assessment; 
SAPSII – Simplified Acute Physiology Score. Normally distributed data are presented as the mean±SD, non-normally distributed data 
are presented as median (IQR) and categorical variables are presented as n (%).

Neutrophil-lymphocyte ratio
P value

<9.4 9.4–15 >15

Comorbidities, n (%)

 CAD  455 (51.0)  159 (56.4)  171 (58.0) 0.060

 CHF  459 (51.4)  113 (40.1)  121 (41.0) <0.001

 AF  444 (49.7)  119 (42.2)  149 (50.5) 0.064

 Stroke  46 (5.2)  8 (2.8)  16 (5.4) 0.236

 Pneumonia  242 (27.1)  90 (31.9)  96 (32.5) 0.105

 Respiratory failure  353 (39.5)  114 (40.4)  144 (48.8) 0.018

 Chronic liver disease  26 (2.9)  3 (1.1)  12 (4.1) 0.072

 Chronic renal disease  282 (31.6)  66 (23.4)  68 (23.1) 0.002

 Malignancy  94 (10.5)  30 (10.6)  31 (10.5) 0.998

Vasoactive drug, n (%)  549 (61.5)  191 (67.7)  213 (72.2) 0.002

Scoring systems, mean (Q1–Q3) 

 SOFA  6.0±3.5  6.3±3.3  6.6±3.7 0.069

 SAPSII  42.8±14.5  44.9±13.6  46.7±15.3 <0.001
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Figure 2.  Fitting curve between NLR and log RR for 30-day 
mortality.

The adjusted HR (95% CI) of the upper tertile [1.22 (0.94, 
1.57)], however, showed no statistical significance. When di-
viding the NLR level into quintiles, the trend among NLR quin-
tiles was significant in the non-adjusted model and model I, 
but not in model II. Only the HR (95% CI) values given an NLR 
of 9.3–14.8 were statistically significant compared to the ref-
erence [non-adjusted model: 1.50 (1.11, 2.03), model I: 1.38 
(1.01, 1.87), model II: 1.44 (1.04, 2.00)].

The results of the secondary outcomes of 90-day and 365-day 
mortality were not statistically significant. In tertile analysis, 
the adjusted HR (95% CI) values for 90-day mortality given an 
NLR of 9.4–15 and >15 were 1.47 (1.19, 1.82) and 1.10 (0.88, 
1.37) in model II, while those for 365-day mortality were 1.24 
(1.02, 1.51) and 0.99 (0.82, 1.21). In quintile analysis, the ad-
justed HR (95% CI) value given an NLR of 9.3–14.8 was 1.41 
(1.07, 1.85) for 90-day mortality, while it was insignificant for 
365-day mortality [1.24 (0.97, 1.59)].
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Non-adjusted Model I Model II

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

30-day mortality

Tertiles

 <9.4 1.0 1.0 1.0 

 9.4–15 1.61 (1.27, 2.04) 0.0001 1.56 (1.23, 1.99) 0.0003 1.47 (1.14, 1.88) 0.0026 

 >15 1.38 (1.08, 1.77) 0.0089 1.29 (1.01, 1.65) 0.0387 1.22 (0.94, 1.57) 0.1292

Quintiles

 0–3.8 1.0 1.0 1.0 

 3.8–6.2 0.88 (0.63, 1.24) 0.4646 0.79 (0.56, 1.12) 0.1878 1.02 (0.70, 1.48) 0.9187 

 6.2–9.3 1.02 (0.74, 1.40) 0.9183 0.95 (0.69, 1.32) 0.7656 1.07 (0.76, 1.51) 0.6927 

 9.3–14.8 1.50 (1.11, 2.03) 0.0086 1.38 (1.01, 1.87) 0.0408 1.44 (1.04, 2.00) 0.0275 

 14.8–48.8 1.33 (0.98, 1.81) 0.0679 1.17 (0.86, 1.60) 0.3139 1.25 (0.89, 1.74) 0.1965 

90-day mortality

Tertiles

 <9.4 1.0 1.0 1.0 

 9.4–15 1.63 (1.33, 2.00) <0.0001 1.59 (1.29, 1.96) <0.0001 1.47 (1.19, 1.82) 0.0004 

 >15 1.31 (1.05, 1.62) 0.0150 1.22 (0.99, 1.52) 0.0668 1.10 (0.88, 1.37) 0.3981 

Quintiles

 0–3.8 1.0 1.0 1.0 

 3.8–6.2 0.86 (0.64, 1.16) 0.3220 0.78 (0.58, 1.05) 0.1041 0.93 (0.68, 1.27) 0.6417

 6.2–9.3 1.03 (0.78, 1.36) 0.8239 0.98 (0.74, 1.30) 0.8976 1.07 (0.80, 1.43) 0.6337 

 9.3–14.8 1.50 (1.16, 1.95) 0.0022 1.39 (1.07, 1.81) 0.0136 1.41 (1.07, 1.85) 0.0152 

 14.8–48.8 1.25 (0.96, 1.64) 0.1021 1.11 (0.85, 1.46) 0.4407 1.09 (0.82, 1.45) 0.5413

365-day mortality

Tertiles

 <9.4 1.0 1.0 1.0 

 9.4–15 1.31 (1.08, 1.58) 0.0053 1.29 (1.07, 1.56) 0.0083 1.24 (1.02, 1.51) 0.0286 

 >15 1.18 (0.98, 1.42) 0.0836 1.11 (0.92, 1.34) 0.2856 0.99 (0.82, 1.21) 0.9449 

Quintiles

 0–3.8 1.0 1.0 1.0 

 3.8–6.2 0.97 (0.76, 1.24) 0.8152 0.88 (0.69, 1.13) 0.3189 1.00 (0.77, 1.30) 0.9821

 6.2–9.3 1.14 (0.91, 1.44) 0.2547 1.09 (0.86, 1.37) 0.4863 1.19 (0.93, 1.52) 0.1633 

 9.3–14.8 1.28 (1.02, 1.62) 0.0366 1.20 (0.95, 1.52) 0.1287 1.24 (0.97, 1.59) 0.0823 

 14.8–48.8 1.21 (0.96, 1.53) 0.1069 1.08 (0.85, 1.37) 0.5223 1.04 (0.81, 1.33) 0.7405 

Table 2. HRs (95% CIs) for mortality across groups of Neutrophil-lymphocyte ratio.

HR – hazard ratio; CI – confidence interval. Models I and II were derived from Cox proportional hazards regression models: model 
I covariates were adjusted for age; gender; ethnicity; model II covariates were adjusted for age; gender; ethnicity; heart rate; 
SBP – respiratory rate; SPO2; serum bicarbonate; serum potassium; SCr; BUN; hematocrit; CAD; CHF; AF; chronic liver disease; chronic 
renal disease; respiratory failure; malignancy; SOFA; SAPSII.
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Subgroup analyses

We performed subgroup analyses to identify the consistency 
of association between NLR and 30-day mortality in CGS pa-
tients. For all the factors presented in Table 3, statistically 
significant interactions were only found in the following: 
serum glucose (p=0.0461), CHF (p=0.0371), respiratory failure 
(p=0.0303), chronic liver disease (p=0.0114), and vasoactive 
drug (p=0.0364). Among them, the subgroups of chronic liv-
er disease had the strongest interaction. Patients without the 
history of chronic liver disease showed a significantly higher 
risk of 30-day mortality for NLR 9.4–15 [HR 1.60 (95% CI 1.25, 
2.04)] and NLR >15 [HR 1.29 (95% CI 1.00, 1.66)]. For patients 
with history of chronic liver disease, however, HR (95% CI) for 
NLR 9.4–15 was invalid and for NLR >15 was of nonsignifi-
cant [0.31 (0.07, 1.34)]. In addition, patients with respiratory 
failure had a lower 30-day mortality risk for NLR 9.4–15 [HR 
1.07 (95% CI 0.74, 1.55) vs. HR 2.05 (95% CI 1.48, 2.83)] and 
for NLR >15 [HR 1.09 (95% CI 0.78, 1.51) vs. HR 1.40 (95% CI 
0.97, 2.02)]. For the subgroup of vasoactive drug, CHF, and se-
rum glucose, the statistical significance was relatively weak. 
All results are presented in Table 3.

ROC curve analysis

ROC curve analysis was performed to assess the potential prog-
nostic value of NLR in CGS patients (Figure 3). Compared with 
the neutrophil or lymphocyte percentage alone, NLR was more 
sensitive in predicting 30-day mortality of CGS (0.660 vs. 0.540, 
0.549). The C statistic for NLR, however, was lower than that 
of SOFA or SAPSII scores (0.660 vs. 0.707, 0.749).

Discussion

We found that NLR was associated in an inverse U-shaped 
pattern with mortality among patients with CGS. NLR, serv-
ing as a readily available biomarker of systemic inflammation, 
has already been reported to predict the prognosis of vari-
ous diseases, especially neoplastic diseases. Recently, how-
ever, several studies also investigated the value of NLR in pre-
dicting the survival of patients with cardiovascular diseases. 
Ghaffari et al. [22] evaluated the prognostic value of total neu-
trophil count and NLR in a small cohort of patients with ST-
segment elevation myocardial infarction (STEMI), finding that 
increased neutrophil count was correlated with higher in-hos-
pital mortality, but the association between NLR and survival in 
these patients was not significant. Gul et al. [23] investigated 
the correlation between NLR and mortality in STEMI patients 
thrombolysed with streptokinase. They concluded that a high 
NLR predicted a higher in-hospital complication rate and 30-
day mortality in these patients. However, they used 4.50 as 
the cutoff point to divide NLR values into only 2 groups, and 

the scale of the study was small. Angkananard et al. [24] per-
formed a systematic review and meta-analysis, showing that 
high NLR was associated with CAD, ACS, stroke, and compos-
ite cardiovascular events.

It remains unclear why NLR has such a significant prognostic 
value in cardiovascular diseases. Previous studies have attrib-
uted poor outcomes to several possible mechanisms, of which 
inflammation was the most important. As a severe complica-
tion of cardiovascular diseases, CGS is also associated with 
systemic inflammation. Various inflammatory mediators have 
been reported to play an important role in CGS, including blood 
cells [25], enzymes [26], cytokines [27], and complement [28]. 
Neutrophils and lymphocytes are well known to be potential 
biomarkers of inflammation and they have also been studied 
regarding the generation and development of CGS. Inspired by 
these results, we speculated that NLR could also predict the 
outcomes in CGS patients, as in other populations.

In our study, NLR shows an inverse U-shaped relationship with 
mortality among patients with CGS. The highest mortality in 
these patients occurred in those with NLR values of 9.4 to 15. 
Extremely high NLR values did not show a statistically signif-
icant difference in mortality risk compared to the reference. 
Several studies showed that the neutrophil count increased 
with occurrence of systemic inflammation, while the lympho-
cyte count, which indicates a state of weak immunity, was in-
versely correlated with inflammation [29–31]. During the early 
stages of inflammation, the shortage of circulating neutro-
phils can cause difficulties in effective innate responses [32]. 
Overwhelming activation of neutrophils, however, is known to 
cause tissue damage by adhesion to the blood vessel walls [33]. 
Host immunodeficiency and increased microcirculation dam-
age can both result in poor outcomes in patients. In addition, 
Kim et al. [34] reported that the activation of innate T cells can 
worsen critical diseases by regulating harmful inflammatory re-
sponses, and the possible mechanisms mentioned above may 
help explain the association between NLR and CGS mortality. 
Further research is needed to clarify the mechanism involved.

The mortality rate of CGS is extremely high, which may be influ-
enced by a few factors, such as basic vital signs (e.g., DBP [35] 
and MBP [36]), laboratory parameters (e.g., serum bicarbonate 
levels [37]), cardiac power index [5], vasopressor support [4], 
clinical severity scales (e.g., SAPSII [37]), and other comorbid-
ities. In our subgroup analyses, taking 30-day mortality as an 
example, statistical significance was observed for the follow-
ing factors: chronic liver disease, respiratory failure, vasoac-
tive drug, CHF, and serum glucose. Patients without a history 
of chronic liver disease showed a higher risk of 30-day mor-
tality. However, the sample size of these patients was quite 
small. Patients with respiratory failure showed a lower 30-day 
mortality risk. The improved survival might be related to the 
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N
Stratification of NLR P for 

interaction<9.4 9.4–15 >15

Vital signs

Heart rate, beats/min 0.4379

 45.27–84.79 728 1.0  1.77 (1.17, 2.69)**  1.38 (0.94, 2.02)

 84.79–141 736 1.0  1.33 (0.99, 1.80)  1.21 (0.87, 1.68)

SBP, mmHg 0.9420

 50.86–105.80 731 1.0  1.41 (1.03, 1.92)*  1.05 (0.77, 1.43)

 105.80–173.85 732 1.0  1.93 (1.30, 2.85)**  1.56 (1.03, 2.37)*

DBP, mmHg 0.4359

 17–56.26 730 1.0  1.68 (1.21, 2.33)**  1.28 (0.92, 1.79)

 56.26–95.97 733 1.0  1.48 (1.03, 2.12)*  1.27 (0.87, 1.84)

MBP, mmHg 0.5308

 37.92–72.18 728 1.0  1.73 (1.27, 2.36)#  1.25 (0.91, 1.71)

 72.18–130.69 736 1.0  1.43 (0.97, 2.11)  1.29 (0.87, 1.93)

Respiratory rate, beats/min 0.4965

 11.44–19.49 729 1.0  1.82 (1.23, 2.69)**  1.30 (0.89, 1.88)

 19.49–40.5 735 1.0  1.35 (0.99, 1.84)  1.27 (0.91, 1.77)

Temperature, °C 0.4824

 32.2–36.69 714 1.0  1.96 (1.41, 2.71)#  1.52 (1.10, 2.09)*

 36.69–39.72 715 1.0  1.39 (0.96, 2.03)  1.05 (0.71, 1.57)

SPO2, % 0.1605

 41.92–97.43 727 1.0  1.96 (1.44, 2.66)#  1.37 (0.96, 1.94)

 97.43–100 737 1.0  1.15 (0.77, 1.72)  1.27 (0.89, 1.80)

Laboratory parameters

Anion gap, mmol/l 0.9491

 5–16 581 1.0  1.50 (0.90, 2.52)  1.35 (0.83, 2.18)

 17–44 877 1.0  1.53 (1.16, 2.00)**  1.25 (0.94, 1.66)

Bicarbonate, mmol/l 0.2634

 9–24 740 1.0  1.30 (0.95, 1.77)  1.25 (0.93, 1.68)

 25–47 725 1.0  1.94 (1.32, 2.85)#  1.18 (0.76, 1.83)

Serum sodium, mmol/l 0.3463

 108–138 596 1.0  1.44 (0.99, 2.08)  1.36 (0.94, 1.95)

 139–167 873 1.0  1.67 (1.21, 2.30)**  1.26 (0.91, 1.76)

Serum potassium, mmol/l 0.2768

 3–4.6 684 1.0  1.99 (1.38, 2.88)#  1.35 (0.91, 1.99)

 4.7–11.4 786 1.0  1.28 (0.93, 1.77)  1.23 (0.90, 1.69)

Table 3. Subgroup analysis of the associations between the NLR and 30-day mortality.

e922167-8
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Peng Y. et al.: 
Prognostic value of neutrophil-lymphocyte ratio…

© Med Sci Monit, 2020; 26: e922167

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

DATABASE ANALYSIS



Table 3 continued. Subgroup analysis of the associations between the NLR and 30-day mortality.

N
Stratification of NLR P for 

interaction<9.4 9.4–15 >15

Serum chloride, mmol/l 0.7914

 67–104 680 1.0  1.60 (1.11, 2.29)*  1.45 (1.02, 2.07)*

 105–138 786 1.0  1.57 (1.13, 2.17)**  1.13 (0.80, 1.58)

Serum glucose, mg/dl 0.0461*

 42–180 732 1.0  1.70 (1.15, 2.50)**  1.27 (0.85, 1.89)

 181–1075 737 1.0  1.44 (1.06, 1.97)*  1.24 (0.91, 1.69)

BUN, mg/dl 0.1493

 4–33 728 1.0  1.63 (1.10, 2.42)*  0.79 (0.49, 1.28)

 34–204 742 1.0  1.60 (1.18, 2.18)**  1.74 (1.30, 2.32)#

SCr, mg/dl 0.9255

 0.2–1.5 708 1.0  1.57 (1.02, 2.42)*  1.05 (0.67, 1.62)

 1.6–29.6 762 1.0  1.56 (1.16, 2.09)**  1.47 (1.09, 1.98)*

Hematocrit 0.7410

 19.6–35.3 728 1.0  1.78 (1.24, 2.56)**  1.58 (1.12, 2.24)**

 35.4–63 739 1.0  1.37 (0.99, 1.89)  1.09 (0.77, 1.55)

Hemoglobin, g/dl 0.7578

 6.6–11.5 716 1.0  1.56 (1.07, 2.27)*  1.51 (1.07, 2.14)*

 11.6–21 749 1.0  1.49 (1.08, 2.05)*  1.10 (0.78, 1.57)

Platelet count, 109/l 0.9401

 21–237 726 1.0  1.26 (0.87, 1.82)  1.39 (0.99, 1.94)

 238–1219 741 1.0  1.91 (1.37, 2.64)#  1.24 (0.87, 1.77)

WBC count, 109/l 0.4974

 0.1–13.5 728 1.0  1.54 (1.01, 2.37)*  1.14 (0.72, 1.80)

 13.6–253.4 737 1.0  1.30 (0.96, 1.74)  1.10 (0.82, 1.47)

Comorbidities

CAD 0.6145

 No 685 1.0  1.45 (1.01, 2.09)*  1.39 (0.97, 1.99)

 Yes 785 1.0  1.77 (1.27, 2.47)#  1.28 (0.91, 1.79)

CHF 0.0371*

 No 777 1.0  1.20 (0.88, 1.65)  1.03 (0.75, 1.42)

 Yes 693 1.0  2.18 (1.49, 3.18)#  1.64 (1.12, 2.39)*

AF 0.7238

 No 758 1.0  1.67 (1.20, 2.33)**  1.23 (0.85, 1.78)

 Yes 712 1.0  1.47 (1.03, 2.09)*  1.34 (0.96, 1.87)
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N
Stratification of NLR P for 

interaction<9.4 9.4–15 >15

Stroke 0.6901

 No 1400 1.0  1.55 (1.22, 1.98)#  1.32 (1.03, 1.69)*

 Yes 70 1.0  1.50 (0.28, 8.03)  0.69 (0.14, 3.34)

Pneumonia 0.1523

 No 1042 1.0  1.56 (1.15, 2.11)**  1.52 (1.13, 2.05)**

 Yes 428 1.0  1.65 (1.10, 2.48)*  0.95 (0.61, 1.47)

Respiratory failure 0.0303*

 No 859 1.0  2.05 (1.48, 2.83)#  1.40 (0.97, 2.02)

 Yes 611 1.0  1.07 (0.74, 1.55)  1.09 (0.78, 1.51)

Chronic liver disease 0.0114*

 No 1429 1.0  1.60 (1.25, 2.04)#  1.29 (1.00, 1.66)*

 Yes 41 1.0 N*  0.31 (0.07, 1.34)

Chronic renal disease 0.8592

 No 1054 1.0  1.49 (1.12, 1.99)**  1.24 (0.93, 1.66)

 Yes 416 1.0  1.72 (1.10, 2.70)*  1.40 (0.89, 2.23)

Malignancy 0.1726

 No 1315 1.0  1.70 (1.31, 2.20)#  1.40 (1.07, 1.82)*

 Yes 155 1.0  0.94 (0.46, 1.92)  0.81 (0.40, 1.64)

Vasoactive drug 0.0364*

 No 517 1.0  2.77 (1.65, 4.66)#  1.17 (0.59, 2.32)

 Yes 953 1.0  1.26 (0.96, 1.66)  1.17 (0.90, 1.52)

Score systems

SOFA 0.5176

 0–5 689 1.0  1.93 (1.22, 3.06)**  1.26 (0.76, 2.08)

 6–21 781 1.0  1.40 (1.05, 1.85)*  1.22 (0.92, 1.61)

SAPSII 0.8502

 10–41 688 1.0  1.59 (0.94, 2.70)  1.56 (0.92, 2.63)

 42–110 782 1.0  1.40 (1.06, 1.84)*  1.14 (0.86, 1.50)

SBP – systolic blood pressure; DBP – diastolic blood pressure; MBP – mean blood pressure; SPO2 – percutaneous oxygen saturation; 
BUN – blood urea nitrogen; SCr – serum creatinine; WBC – white blood cell; CAD – coronary heart disease; CHF – congestive heart 
failure; AF – atrial fibrillation; SOFA – Sequential Organ Failure Assessment; SAPSII – Simplified Acute Physiology Score. P value: 
* P<0.05; ** P<0.01; # P<0.001.

Table 3 continued. Subgroup analysis of the associations between the NLR and 30-day mortality.
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assisted ventilation strategies used. For patients treated with 
vasoactive drugs, the improved outcome might be associ-
ated with the drug itself. For patients with a history of CHF, 
chronic cardiac degeneration can result in a poor prognosis. 
In the subgroup of serum glucose, patients with lower serum 
glucose showed higher 30-day mortality risk. Serum glucose 
is the body’s main energy source, and lack of energy may 
help explain the increased death rate. The underlying mecha-
nisms between these factors and the prognosis of CGS need 
further investigation.

As a combination of neutrophils count and lymphocytes count, 
NLR has been reported to have greater risk-predictive value 
than either of them alone, which is consistent with the re-
sults of our ROC analysis. Horne et al. [38] concluded that 
among high neutrophil count, low lymphocyte counts, and 
NLR, the greatest risk predictive value of mortality in patients 
with or at high risk for CAD is given by NLR, which increased 
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Figure 3. ROC curve for 30-day mortality of CGS patients.

the hazard by 2.2-fold. Papa et al. [39] found that cardiac mor-
tality is closely associated with NLR, which is the expression 
of relative balance between neutrophilia and lymphopenia. In 
addition, we also found that the prognostic value of NLR was 
not as good as SOFA score or SAPSII. As clinical severity scores, 
SOFA score and SAPSII have already been used in critically ill 
patients. However, these 2 scores are composed of multiple in-
dicators and the evaluation process takes time. Although the 
prognostic value is inferior to either of these scores, NLR is 
readily available and can play a role in rapid clinical evaluation.

This is the first study to assess the prognostic value of NLR 
among CGS patients. We used smooth curve fitting to define 
the cutoff values, applied Cox proportional hazards models 
to evaluate the association, and performed subgroup analy-
ses to confirm this association. Our study inevitably has limi-
tations. Firstly, it was a retrospective observational study at a 
single center. The biases inherent in this type of study should 
not be ignored and further studies based on multiple centers 
are needed. Secondly, the sample size small, and larger stud-
ies are needed. Furthermore, NLR was measured only on first 
admission to the ICU, and dynamic evaluation of NLR during 
the ICU stay could have produced different results.

Conclusions

An inverse U-shaped curve was presented between NLR and 
the mortality of CGS. NLR is a readily available and indepen-
dent prognostic biomarker for patients with CGS. The prog-
nostic value of NLR was more sensitive than the neutrophil 
or lymphocyte percentage alone, but not as good as SOFA or 
SAPSII score. However, further prospective studies are required.
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