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Background: The neutrophil percentage-to-albumin ratio (NPAR) is a systemic inflamma-
tion-based predictor associated with many diseases’ outcomes. Nevertheless, there are few
studies on the relationship between NPAR and inflammatory markers, and more importantly,
the prognostic value of NPAR in critically ill patients with cardiovascular disease (CVD)
remains unknown.

Methods: The data of this retrospective cohort study were from the Medical Information
Mart data for Intensive Care III database (MIMIC-III) and the Second Affiliated Hospital of
Wenzhou Medical University. Linear regression, logistic regression model, and Cox regres-
sion model were used to assess the associations between NPAR levels and length of stay,
renal replacement therapy (RRT) use, and 30-day, 90-day and one-year mortality, respec-
tively. The Pearson correlation coefficient was used to present the correlation between NPAR
and C-reactive protein (CRP).

Results: Our study included 1599 patients in MIMIC-III and 143 patients in the Second
Affiliated Hospital of Wenzhou Medical University. The elevated NPAR was independently
associated with increased 30-day, 90-day, and one-year all-cause mortality (adjusted HR,
95% CI:1.51 (1.02-2.24); 1.61 (1.14-2.28); 1.53 (1.15-2.03); P trend = 0.0297; 0.0053;
0.0023; respectively), and it was also associated with increase the length of stay in hospital
and ICU (B, 95% CI: 2.76 (1.26-4.27); 1.54 (0.62-2.47), respectively, both P trend <0.001).
We found that patients with higher NPAR were more likely to receive RRT (OR, 95% CI:
2.50 (1.28-4.89), P trend =0.0023). Moreover, we confirmed that NPAR was statistically
positively correlated with CRP (correlation coefficient r = 0.406, P < 0.0001).
Conclusion: Elevated NPAR on admission was independently associated with increased all-
cause mortality and length of stay among CICU patients. The results showed that CICU patients
with higher NPAR were more likely to receive RRT. Besides, we also provided the evidence that
there is a positive correlation between NPAR and inflammatory indicators (ie, CRP).
Keywords: neutrophil percentage-to-albumin ratio, cardiac intensive care unit,
cardiovascular diseases, mortality, length of stay, renal replacement therapy, C-reactive

protein

Introduction

The cardiovascular disease (CVD) is the second leading cause of mortality worldwide,
accounting for 17 million deaths in 2013." Cardiovascular disease (CVD) is a leading
cause of death and reduced quality of life, according to the latest data of the Global
Burden of Disease Study, and worldwide prevalence is increasing. The cardiac intensive
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care unit (CICU) is a special care and management system for
patients with severe cardiovascular disease (SCVD). SCVD
has a high mortality rate, and identification of its prognostic
indicators can assist medical decision-making and identifica-
tion of high-risk patients. Accordingly, the effect of early
biomarkers on CICU prognosis is worth exploring.”
Atherosclerosis and CVD are closely associated with
inflammation.’> Neutrophils mediate early inflammatory
responses, and be used to predict cardiovascular mortality.
When a high neutrophil count is combined with other
inflammatory markers or included in a multi-marker risk
prediction model, it appears that it may provide clinically
additional prognostic information.* Most evidence sug-
gests that changes in acute-phase proteins such as serum
albumin and prealbumin do not reflect poor nutritional
status but rather indicate the severity of inflammation
and illness in acute disease.”’ Recently, the neutrophil
percentage-to-albumin ratio (NPAR), which neutrophil
percentage are divided by serum albumin concentration,
is used as a systemic inflammation-based predictor in

8 acute kidney

patients with palliative pancreatic cancer,
injury,” and septic shock.'” Nevertheless, the predictive
value of NPAR on mortality in CICU patients is not
known. Therefore, in this study, we aimed to explore the
ability of NPAR to predict outcomes in CICU patients.

C-reactive protein (CRP) is a common clinical marker
of inflammation,'! and its levels have been linked to
patient outcomes with atherosclerotic disease, congestive
heart failure, atrial fibrillation, myocarditis, aortic valve
disease, and heart transplantation.'> However, as a novel
systemic inflammatory marker, the relationship between
NPAR and
Therefore, the secondary purpose of this study is to con-
firm that the NPAR is associated with CRP.

inflammatory markers remains unclear.

Methods

Data Source

We retrieved all data from an openly available critical care
database called the Medical Information Mart for Intensive
Care III (MIMIC-III, version 1.4),"* including data from
53,423 distinct hospital admissions. The data in MIMIC-III
were collected from June 2001 to October 2012 at the Beth
Isracl Deaconess Medical Center (BIDMC, Boston, MA,
USA). The data include general information (demographics,
birth and death, ICU admission, and discharge information),
vital signs, laboratory data, body fluid balance, reports,
medications, and nursing records. The Protecting Human

Research Participants’ exam was passed to gain access to
the MIMIC-III database. The Massachusetts Institute of
Technology (Cambridge, MA, USA) and BIDMC approved
the establishment of the MIMIC-III database.

To verify the correlation between NPAR and CRP, we
also collected data from CICU patients admitted to the
Second Affiliated Hospital of Wenzhou Medical University
from January 1, 2020, to December 30, 2020. That was
approved by the ethics committee of the Second Affiliated
Hospital of Wenzhou Medical University (Approval num-
ber: 2021-K-36-01). The data are anonymous, and the
requirement for informed consent was therefore waived.

Study Population

The selected population must be adults (age >18) admitted
to CICU for the first time. Exclusion criteria were as
follows: (1) CICU stay less than 48 hours; (2) absent
neutrophil percentage or serum albumin concentration
data during CICU stay; and (3) outlier > + 3 SD.

Covariates

The data were extracted from MIMIC-III by structure
query language. Demographic parameters included age,
sex, and race. Vital signs included temperature, heart
rate, respiratory rate, systolic blood pressure (SBP), dia-
stolic blood pressure (DBP), and percutaneous oxygen
saturation. Laboratory parameters included white blood
cell (WBC) counts, platelet counts, neutrophils percen-
tage, lymphocytes percentage, red blood cell distribution
width (RDW), hematocrit, hemoglobin, albumin, creati-
nine, glucose, anion gaComorbidities included cardio-
genic shock, CAD, congestive heart failure (CHF),
cardiac arrhythmia, peripheral vascular, hypertension,
diabetes, renal disease, liver disease. The scoring system
included sequential organ failure assessment score
(SOFA)' and the simplified acute physiology score I
(SAPS 1I)."> All laboratory parameters were collected
within 48 hours after admission to the CICU.

On the other hand, to prove that NPAR was associated
with CRP, data on neutrophil ratio, serum albumin and
CRP were collected from CICU patients in the Second
Affiliated Hospital of Wenzhou Medical University.

Outcomes

30-day all-cause mortality was the primary outcome. And
the 90-day, one-year all-cause mortality, length of stay in
hospital stay and ICU, and use of renal replacement ther-
apy (RRT) in CICU patients as secondary outcomes.
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Statistical Analysis

Continuous variables were expressed as the mean + SD for
normally distributed continuous variables and median (inter-
quartile range) for non-normally distributed continuous vari-
ables. Differences between groups were identified using the
Wilcoxon W-test or Kruskal-Wallis test. Categorical vari-
ables were expressed as number and percentage, and com-
parisons between groups were made using the chi-square
test or Fisher’s exact test as appropriate.

Cox regression model was used to assess the relationships
between NPAR tertiles and all-cause mortality outcomes, and
the first tertile group of NPAR served as the reference group.
Variables with P < 0.05 in the univariate analysis and their
associations with the outcomes of interest were included into
the multivariate Cox proportional hazard models. In model I,
covariates were only adjusted for age, sex, and race. In model
II, we adjusted for age, sex, race, CAD, cardiogenic shock,
congestive heart failure, cardiac arrhythmias, valvular dis-
ease, hypertension, diabetes, SOFA score, SAPS II score,
serum creatinine, glucose, RDW, hematocrit, hemoglobin,
WBC counts, and lymphocytes percentage. Moreover,
restricted cubic spline was used to visually assess association
between NPAR and the risk of the mortality. Linear regres-
sion model was used to evaluate the relationship between
length of stay in hospital and NPAR adjusting for age, sex,
race, serum creatinine, RDW, hematocrit, lymphocytes.
Impact of NPAR level on the use of RRT in CICU patients
was estimated using logistic regression model adjusting for
age, sex, race, cardiogenic shock, congestive heart failure,
cardiac arrhythmias, valvular disease, hypertension, diabetes,
anion gap, serum creatinine, glucose, RDW, hematocrit,
hemoglobin, WBC count and lymphocytes. We also used
stratification analyses to examine the effect of NPAR
among subgroups using various parameters and comorbid-
ities. Receiver operating characteristic (ROC) curves were
applied to test the sensitivity and specificity of NPAR.
DeLong tests were applied to compare the area under the
curves (AUC) for different parametric models.

The correlation between CRP and NPAR was examined
using Pearson correlation. We also analyzed the correlation
between CRP and neutrophil percentage and serum albumin.
The correlation coefficients (r) were deemed statistically
significant when the P-value was less than 0.05.

A two-sided p < 0.05 was considered statistically sig-
nificant. All statistical analyses were performed using
EmpowerStats version 2.0 (http://www.empowerstats.
com/cn/) and SPSS Statistic 26.

Results

Patient Characteristics

A total of 1599 patients in CICU from the MIMIC-III
database were enrolled in this study (Figure 1). Patients
were divided into three groups, with an equal number of
cases: low-NPAR group, mid-NPAR group, and high-NPAR
group (NPAR: <20.7; 20.7-24.8; and >24.8, respectively).
The baseline characteristics of the eligible participants are
summarized in Table 1. The subjects included 679 women
and 920 men, most of whom were white. Patients with high
NPAR values were more likely to be older and have higher
heart rate, respiratory rate, serum creatinine, platelet counts,
WBC counts, RDW, SOFA score, and SAPS II score. They
also had lower SBP, DBP, hematocrit, and hemoglobin.
These patients tended to have a history of cardiogenic
shock, arrhythmia, peripheral vascular disease, renal failure,
or liver disease. According to the selection criteria, we also
identified 143 eligible CICU patients from the Second
Affiliated Hospital of Wenzhou Medical University.

Relationship Between the NPAR and

Clinical Outcomes

The clinical outcomes of the subjects across the tertiles of
NPAR are shown in Table 2. In model I, after adjustments
for age, sex, and race, patients with high NPAR had higher risk
of 30-day, 90-day, and one-year all-cause mortality (HR, (95%
CI): 2.96 (2.18-4.01); 2.89 (2.21-3.79); 2.57 (2.06-3.20),
respectively, P trend <0.0001)) than the reference group.
When examined as continuous variables in model I, each
unit’s higher NPAR was associated with increased 30-day
(HR, 95% CI: 1.08 (1.06-1.10); P<0.0001), 90-day (HR,
95% CI: 1.08 (1.07-1.10); P<0.0001), and one-year 1.08

Subjects within the MIMIC-III
database

Patients with congestive heart
failure (n=7,726)

1. Age < 18 years old (n=1);

2. Multiple ICU admission (n=468);
3. Length of stay in ICU <48 hours
(n=820);

4. Albumin and neutrophil percentage
data were missing (n=4, 811);

5. Outliers (n=27).

Patients included
(n=1,599)

Figure | Flow chart of study population selection.
Abbreviations: ICU, intensive care unit; MIMIC-Ill, Medical Information Mart for
Intensive Care —lII.
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Table | Baseline Characteristics of the Study Population

Characteristics NPAR P value
<20.7 20.7-24.8 >24.8
NPAR 17.46 + 2.88 2276 £ 1.21 29.51 £ 4.07 <0.001
N 533 533 533
Age, years 64.71 + 16.05 68.43 + 14.89 69.51 + 15.56 <0.001
Sex, n (%) 0.010
Female 207 (38.84) 218 (40.90) 254 (47.65)
Male 326 (61.16) 315 (59.10) 279 (52.35)
Race, n (%) <0.001
Black 72 (13.51) 40 (7.50) 36 (6.75)
White 365 (68.48) 375 (70.36) 373 (69.98)
Other 96 (18.01) 118 (22.14) 124 (23.26)
Vital signs
SBP, mmHg 117.37 £ 16.67 116.16 £ 17.25 111.89 + 16.82 <0.001
DBP, mmHg 62.53 £ 11.39 60.23 £ 10.76 57.89 £ 10.57 <0.001
Heart rate, beats/minute 80.87 £ 16.72 81.53 + 15.50 87.35 + 17.26 <0.001
Respiratory rate, times/minute 18.70 £ 3.72 19.49 + 3.67 20.23 + 4.51 <0.001
T, °C 36.80 £ 0.58 36.74 £ 0.68 3681 £0.73 0.183
SPO,, % 97.13 £ 1.83 96.97 £ 1.99 97.08 £ 2.73 0.501
Laboratory parameters
Serum albumin, g/dL 392 + 0.44 3.57 + 0.37 293 + 042 <0.001
Serum creatinine, mg/dL 1.64 + 1.80 1.89 + 1.77 1.95 + 1.70 0.010
Glucose, mg/dL 154.19 £ 92.04 171.01 £ 106.11 163.75 + 88.34 0.017
RDW, % 14.62 + 1.92 14.98 + 2.03 15.63 + 237 <0.001
Anion gap, mmol/L 16.46 + 4.52 17.01 £ 4.63 16.53 + 4.63 0.1
Hematocrit, % 36.67 £ 6.33 3521 £ 635 32.76 £ 5.70 <0.001
Hemoglobin, g/dl 12.34 £ 2.19 11.76 £2.17 10.86 + 1.94 <0.001
WBC counts, 10° /L 9.79 + 488 12.03 £ 5.74 14.85 + 7.85 <0.001
Platelet counts, 107 /L 242.98 + 107.50 248.08 + 140.57 264.86 + 139.03 0.077
Neutrophils, % 68.36 £ 12.66 81.07 £ 7.94 85.02 £ 7.24 <0.001
Lymphocytes, % 21.93 £ 10.74 11.97 £+ 6.24 822 + 529 <0.001
Comorbidities, n (%)
CAD 109 (20.49) 95 (17.82) 86 (l6.14) 0.178
Cardiogenic shock 32 (6.00) 6l (11.44) 80 (15.01) <0.001
Congestive heart failure 225 (42.21) 288 (54.03) 275 (51.59) <0.001
Cardiac arrhythmias 186 (34.90) 191 (35.83) 226 (42.40) 0.023
Peripheral vascular disease 53 (9.94) 60 (11.26) 73 (13.70) 0.153
Hypertension 320 (60.04) 315 (59.10) 281 (52.72) 0.032
Diabetes 35 (6.57) 59 (11.07) 48 (9.01) 0.035
Renal failure 106 (19.89) 131 (24.58) 137 (25.70) 0.059
Liver disease 39 (7.32) 40 (7.50) 51 (9.57) 0.328
Scoring systems
SOFA score 3.80 £2.77 440 + 2385 551 £343 <0.001
SAPS Il score 33.89 + 13.46 3741 +12.82 43.46 £ 15.05 <0.001
Mortality, n (%)
30-day 57 (10.69) 93 (17.45) 166 (31.14) <0.001
90-day 74 (13.88) 126 (23.64) 204 (38.27) <0.001
One year 119 (22.33) 180 (33.77) 270 (50.66) <0.001
RRT, n (%) 37 (6.83) 47 (8.67) 75 (13.84) <0.001

Note: Data were presented as the mean + SD and n (%).

Abbreviations: NPAR, neutrophil percentage-albumin ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; T, temperature; SpO2, pulse oximetry-derived
oxygen saturation; RDWY, red blood cell distribution width; WBC, white blood cell; CAD, coronary artery disease; SOFA, sequential organ failure assessment; SAPS I,
simplified acute physiology score Il; RRT, renal replacement therapy.
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Table 2 HR for All-Cause Mortality Across Groups of NPAR
Clinical Outcomes Non-Adjusted Model | Model Il
HR (95% CI) P value P Trend HR (95% CI) P value P Trend HR (95% CI) P value P Trend
Primary outcome
30-day mortality®
NPAR 1.09 (1.07, 1.11) <0.0001 1.08 (1.06, 1.10) <0.0001 1.04 (1.01, 1.06) 0.0036
NPAR tertiles <0.0001 <0.0001 0.0297
<20.7 1.0 1.0 1.0
20.7-24.8 1.70 (1.22, 2.37) 0.0016 1.53 (1.10, 2.14) 00116 1.20 (0.82, 1.75) 0.3411
>24.8 3.32 (246, 4.48) <0.0001 2.96 (2.18, 4.01) <0.0001 1.51 (1.02, 2.24) 0.0420
Secondary outcomes
90-day mortality®
NPAR 1.09 (1.07, 1.11) <0.0001 1.08 (1.07, 1.10) <0.0001 1.05 (1.02, 1.07) <0.0001
NPAR tertiles <0.0001 <0.0001 0.0053
<20.7 1.0 1.0 1.0
20.7-24.8 1.80 (1.35, 2.40) <0.0001 1.63 (1.22, 2.18) 0.0009 1.28 (0.92, 1.78) 0.1365
>24.8 3.26 (2.50, 4.25) <0.0001 2.89 (221, 3.79) <0.0001 1.61 (1.14, 2.28) 0.0072
One-year mortality®
NPAR 1.08 (1.07, 1.10) <0.0001 1.08 (1.06, 1.09) <0.0001 1.04 (1.02, 1.06) <0.0001
NPAR tertiles <0.0001 <0.0001 0.0023
<20.7 1.0 1.0 1.0
20.7-24.8 1.64 (1.30, 2.07) <0.0001 1.50 (1.19, 1.89) 0.0007 1.21 (0.93, 1.58) 0.1528
>24.8 2.87 (232, 3.57) <0.0001 2.57 (2.06, 3.20) <0.0001 1.53 (1.15, 2.03) 0.0036
Length of ICU stay®
NPAR tertiles <0.0001 <0.0001 0.0003
<20.7 0 0 0
20.7-24.8 0.75 (0.02, 1.47) 0.0431 0.73 (-0.00, 1.45) 0.0506 1.32 (0.70, 2.52) 0.3930
>24.8 2.65 (1.93, 3.37) <0.0001 2.65 (1.92, 3.38) <0.0001 1.54 (0.62, 2.47) 0.0011
Length of hospital stay®
NPAR tertiles <0.0001 <0.0001 <0.0001
<20.7 0 0 0
20.7-24.8 0.62 (-0.54, 1.77) 0.2988 0.78 (-0.39, 1.95) 0.1903 0.15 (~1.16, 1.46) 0.8206
>24.8 3.98 (2.82, 5.14) <0.0001 4.24 (3.06, 5.41) <0.0001 276 (1.26, 4.27) 0.0003
RRT*
NPAR tertiles <0.0001 <0.0001 0.0023
<20.7 1.0 1.0 1.0
20.7-24.8 1.30 (0.83, 2.03) 0.2570 1.42 (0.90, 2.25) 0.1279 1.32 (0.70, 2.52) 0.3930
>24.8 2.19 (145, 3.31) 0.0002 2.54 (1.66, 3.89) <0.0001 2.50 (1.28, 4.89) 0.0074

Notes: *Cox proportional hazards regression models were used to calculate hazard ratios (HR) with 95% confidence intervals (Cl). Model Il was adjusted for the
confounders age, sex, race, CAD, cardiogenic shock, congestive heart failure, cardiac arrhythmias, valvular disease, hypertension, diabetes, SOFA score, SAPS Il score, serum
creatinine, glucose, RDW, hematocrit, hemoglobin, WBC count and lymphocytes. *Logistic regression models were used to calculate odds ratios (OR) with 95% confidence
intervals (Cl). Model Il was adjusted for the confounders age, sex, race, cardiogenic shock, congestive heart failure, cardiac arrhythmias, valvular disease, hypertension,
diabetes, anion gap, serum creatinine, glucose, RDW, hematocrit, hemoglobin, WBC count and lymphocytes. *Linear regression model were used to calculate B value with
95% confidence intervals (Cl). Model Il was adjusted for the confounders age, sex, race, serum creatinine, RDW, hematocrit, lymphocytes. Models | were adjusted for the

confounders age, sex and race.

(1.06-1.09); P<0.0001) all-cause mortality. In model II, after
adjusting for more confounding factors, NPAR was also an
independent predictor of 30-day, 90-day, and one-year all-
cause mortality of patients in CICU (high-NPAR group versus
low-NPAR group: adjusted HR, (95% CI): 1.51 (1.02-2.24);
1.61 (1.14-2.28); and 1.53 (1.15-2.03), P trend = 0.0297,
0.0053, and 0.0023, respectively). Likewise, when examined

as continuous variables in model II, each unit’s higher NPAR
was still associated with increased 30-day (HR, 95% CI: 1.04
(1.01, 1.06); P = 0.0036), 90-day (HR, 95% CI: 1.05 (1.02,
1.07); P < 0.0001), and one-year (HR, 95% CI: 1.04 (1.02,
1.06); P <0.0001) all-cause mortality independently. Besides,
the restricted cubic spline also visually displayed that the 30-

day, 90-day, and one-year all-cause mortality increased
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significantly as the NPAR increased (Figure 2 a through c).
This analysis was conducted using both logarithmic trans-
formed and untransformed data. Log RR (relative risk) can
be converted to a relative risk by taking antilog. In addition,
the results showed that high NPAR was associated with
increased the length of stay in hospital and ICU after adjusting
for multiple confounders (B, 95% CI: 2.76 (1.26, 4.27) 1.54
(0.62, 2.47), respectively, both P trend <0.0005) (Table 2).
Using the logistic regression model, after adjusting for multi-
ple confounders, we found that patients with higher NPAR
were more likely to receive RRT (OR, 95% CI: 2.50 (1.28,
4.89), P trend =0.0023) (Table 2).

We performed subgroup analysis to explore the interac-
tion and found that none of the interactions was significant
(Table 3). Moreover, the ROC curves were used to evaluate
the ability of NPAR to predict 30-day all-cause mortality in
CICU patients (Figure 3). We conducted two predictive
models, and the model 1 parameter was SOFA, and the
parameters of the model 2 included NPAR and SOFA. We
found that the area under the curves (AUCs) for model 1 and
model 2 were 0.6968 (95% CI 0.6613-0.7323) and 0.7214
(95% CI 0.6863—0.7564), respectively. Comparing AUCs,
model 2 was a better predictive model than SOFA alone
(P=0.0181), and NPAR significantly enhanced the prediction
efficiency of SOFA. NPAR value was an effective marker for
predicting 90-day mortality in CICU patients by receiver
operating characteristic curve analysis.

Relationship Between the CRP and NPAR

The results of correlation analysis between the CRP and
NPAR, neutrophil percentage, and serum albumin are
shown in Table 4. CRP was significantly positively corre-
lated with NPAR and neutrophil percentage and negatively

correlated with albumin. The correlation coefficients were
0.406, 0.240, and —0.366, P < 0.0001, respectively. The
correlation between NPAR and CRP was the strongest.
Linear correlation analysis was performed with NPAR as
Y-axis and CRP as X-axis (Figure 4). This analysis best
demonstrated that NPAR is a biomarker based on systemic

inflammation.

Discussion
Our results demonstrated that elevated NPAR is signifi-
cantly associated with all-cause mortality in CICU patients
after adjusting for several variables, the restricted cubic
spline curve intuitively shows this. Although elevated
NPAR was associated with increased mortality, other fac-
tors might also affect the result, including comorbid dis-
eases; therefore, we conducted a subgroup analysis based
on comorbidities and found no significant interaction,
strengthening the reliability of our findings. Nevertheless,
we did not elucidate the precise mechanisms underlying
the association between NPAR and all-cause mortality.
Our findings can be attributed to the roles that neutro-
phils and serum albumin play in the innate and adaptive
immune responses in inflammatory diseases such as ather-
osclerosis. It is worth noting that atherosclerosis, the
underlying cause of the majority of CVD, is a lipid-
driven, inflammatory disease of the large arteries.'®
A recent European Society of Cardiology position paper
concluded that inflammation is an essential regulator of
atherosclerosis, dependent and independent of lipids, pro-
moting a vicious circle of atherogenesis.'” The
Canakinumab Anti-inflammatory Thrombosis Outcome
Study trial demonstrated that inflammation is a critical

driver of atherosclerosis and that small molecule drugs
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Figure 2 Restricted cubic spline demonstrates the relationship between NPAR and the risk of all-cause mortality. The resulting figures show the predicted log (relative risk)
in the y-axis and the continuous variables in the x-axis. (A) 30-day all-cause mortality; (B) 90-day all-cause mortality; (C) one-year all-cause mortality.
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Table 3 Subgroup Analysis of the Associations Between 30-Day All-Cause Mortality and the NPAR

Subgroups N NPAR P for Interaction
<20.7 20.7-24.8 >24.8

CAD 0.6361
No 1308 1.0 1.50 (1.04, 2.18) 3.04 (2.17, 4.28)
Yes 290 1.0 1.82 (0.85, 3.90) 2.65 (1.28, 5.49)

Cardiogenic shock 0.5869
No 1426 1.0 1.57 (1.09, 2.27) 2.92 (2.08, 4.11)
Yes 173 1.0 1.06 (0.49, 2.28) 2.01 (1.00, 4.05)

Congestive heart failure 0.2618
No 8l 1.0 1.48 (0.90, 2.45) 3.56 (231, 5.51)
Yes 788 1.0 1.47 (0.94, 2.29) 2.44 (1.59, 3.74)

Cardiac arrhythmias 0.0260
No 996 1.0 1.14 (0.72, 1.81) 3.02 (2.01, 4.53)
Yes 603 1.0 2.15 (1.32, 3.50) 2.88 (1.81, 4.57)

Valvular disease 0.2948
No 1272 1.0 1.48 (1.01, 2.16) 3.18 (2.25, 4.48)
Yes 327 1.0 1.67 (0.85, 3.31) 2.26 (1.16, 4.40)

Peripheral vascular disease 0.0991
No 1413 1.0 1.74 (1.22, 2.49) 3.19 (229, 4.46)
Yes 186 1.0 0.58 (0.23, 1.47) 1.61 (0.77, 3.40)

Hypertension 0.3592
No 683 1.0 1.43 (0.89, 2.28) 2.35 (1.53, 3.63)
Yes 916 1.0 1.64 (1.03, 2.63) 3.51 (228, 5.41)

Diabetes 0.6229
No 1457 1.0 1.54 (1.09, 2.17) 2.90 (2.12, 3.98)
Yes 142 1.0 2.02 (0.54, 7.56) 5.65 (1.51,21.21)

SOFA group 0.4270
<3 686 1.0 1.07 (0.55, 2.08) 1.67 (0.87, 3.21)
>3 913 1.0 1.54 (1.05, 2.26) 2.72 (1.91, 3.88)

SAPS Il group 0.8531
<36 794 1.0 1.38 (0.69, 2.76) 2.60 (1.34, 5.04)
>36 805 1.0 1.33 (091, 1.94) 2.10 (1.48, 2.97)

Notes: The confounders adjustment were performed as in Model | (Table 2). Cox proportional hazards regression models were used to calculate hazard ratios (HRs) with

95% confidence intervals (Cls).

Abbreviations: NPAR, neutrophil percentage-albumin ratio; CAD, coronary artery disease; SOFA, sequential organ failure assessment; SAPS I, simplified acute physiology

score |l.

targeting inflammatory mediators, such as anti-interleukin
-1p antibody, reduces the risk of CVD.'® These findings
suggested that inflammation is a critical and potentially
modifiable process in the development of CVD. Therefore,
the novel risk predictor attempts to begin with an inflam-
matory perspective which may provide a novel therapeutic
target.

Determining peripheral neutrophils is an inexpensive
and widely available way to assess the presence of any

inflammation. Previous studies showed that a higher neu-
trophil count was associated with a higher incidence of
coronary disease,'”” heart failure,”® and stroke.’!
A prospective study found that increased neutrophil
count was associated with the risk of long-term death in
Shah,

Denaxas™ suggested that clinically recorded neutrophil

patients with acute myocardial infarction.*?
count was associated with the incidence of specific CVD,

even within the normal range.”” Welsh found that a higher
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Figure 3 Receiver operating characteristic curve of NPAR value. NPAR significantly
enhanced the prediction efficiency of SOFA. Model I: Parameter only include SOFA;
Model 2: Parameters include SOFA and NPAR. AUC Model 1=0.6986, 95% ClI
0.6613-0.7323; AUC Model 2=0.7214, 95% CI 0.6863-0.7564, P=0.018I.
Abbreviations: AUC, area under the curve; Cl, confidence interval.

neutrophil count is associated with a higher CVD mortality
or non-fatal CVD risk, following previous data.>* 2
Serum albumin (SA) is the most abundant circulating
protein and possesses great antioxidant activity.’® SA is
the primary source of extracellular reduced sulthydryl
groups, which act as potent scavengers of reactive oxygen
species, constituting the primary circulating antioxidant
system.”” SA appears to inhibit the secretion of pro-
inflammatory cytokines and complement factors (C5a) by
modulating the signaling systems between inflammatory
cells such as neutrophils and endothelial cells.”®*° Acute
and chronic inflammatory conditions alter SA levels by
regulating hepatic protein metabolism and inducing capil-
lary leakage.’® Decreased SA levels (hypoalbuminemia)
increase blood wviscosity and destroy endothelial
function.’ Gonzalez-Pacheco, Amezcua-Guerra®> found
that low SA level was an independent predictor of new-

onset heart failure and in-hospital mortality in patients

Figure 4 Correlation analysis between the NPAR and CRP. The solid line repre-
sents the appropriate value, and the dashed line represents the 95% confidence
interval.

with acute cardiac syndrome. Low SA levels were asso-
ciated with an increased risk of mortality and increased
incidence of coronary heart disease.>”

In the present study, SA levels were significantly lower
in patients with higher NPAR levels. As two opposite,
rapid, inexpensive, and readily available laboratory indi-
cators, combining neutrophils percentage and serum albu-
min into one index could provide more accurate disease
predictions. It is well known that CVD have high mortality
and morbidity, especially in patients with cardiogenic
shock (CS) in ICU. CS is the leading cause of hospital
mortality associated with acute myocardial infarction
(MI). Given the poor prognosis of critically ill patients
with CS, it is necessary to find an accurate yet easily
accessible prognostic predictor for risk stratification, so
as to provide prognostic information and help clinical
decision-making. Likewise, there is increasing evidence
that the development of systemic inflammatory response
syndrome (SIRS) plays an important role in both the
pathogenesis of shock and the adverse outcomes of CS
patients.>** High levels of neutrophils in STEMI patients

Table 4 Correlation Analysis Between CRP and NPAR, Neutrophil Percentage, Albumin

CRP NPAR Serum Albumin Neutrophil Percentage
CRP, mg/L I
NPAR 0.406** |
Serum albumin, g/dL —0.366** —0.778** |
Neutrophil percentage 0.240%* 0.768%* —0.264** [

Note: **At 0.01 level (two tailed), the correlation was significant.
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have been found to be independently associated with an
increased risk of developing late CS.>® One recent study
showed that hypoalbuminemia was independently asso-
ciated with mortality of CS.>’ Accordingly, NPAR has
a great potential to predict both cardiogenic shock and
mortality of ICU patients.

On the other hand, our study showed that elevated
NPAR was significantly related to an elevated risk of
RRT use in critical ill patients with cardiovascular dis-
eases. The acute renal replacement therapies (RRTs) are
increasingly used in the cardiac intensive care unit, which
are mainly used for the treatment of complications of
medically refractory acute kidney injury (AKI) and cardi-
orenal syndrome (CRS). In addition to hemodynamic and
neurohumoral abnormalities, inflammatory is an important
pathophysiological mechanism of cardiorenal syndrome.*®
Therefore, the relationship between NPAR and RRT indir-
ectly reflects the inflammatory process in patients receiv-
ing RRT. It is reported that AKI was an independent
prognostic factor for long-term mortality among patients
with STEMI complicated by CS and treated with primary
percutaneous coronary intervention (PPCI).** There is
mounting studies that have shown that the provision of
RRT is associated with poor outcomes among CICU
patients, with hospital mortality rates of at least 40% to
50% and l-year mortality >70%.%**' These results can
partially explain that elevated NPAR was associated to
significantly increase mortality and the need for RRT in
CICU patients.

Moreover, many studies reported that various blood
inflammatory biomarkers are associated with an increased
risk of cardiovascular events. This initially sparked interest
in reducing CVD risk by targeting patients with evidence
of inflammation, as shown by highly sensitive CRP.*
There is evidence that serum CRP is an excellent biomar-
ker of CVD and is an independent and robust predictor of
adverse cardiovascular events. Elevated plasma levels of
CRP are significantly associated with the risk of future
atherothrombotic events, including stroke, coronary
events, and peripheral arterial disease.***® It is worth
noting that we have confirmed that there was a positive
correlation between NAPR and CRP within this study, so
it is reasonable to use NPAR as a systemic inflammatory
marker. These findings suggest that the underlying inflam-
matory state is a major determinant of the pathophysiolo-
gical mechanisms of CVD, consistent with previous
studies.

This study has some advantages. To the best of our
knowledge, there are no other reports on the association
between NPAR and the outcomes of CICU patients. We
also used a large cohort of patients, which increases the
reliability of our findings. Several limitations of this study
should also be noted. First, this was a single-center retro-
spective study, and resulting selection bias may affect the
accuracy of the results. Second, we were unable to observe
NPAR dynamically. The percentage of neutrophils and SA
concentration used in this analysis were obtained from first
blood tests after admission to the CICU. Given the
dynamic nature of these indicators, bias caused by using
only the first blood result cannot be avoided. Third, the
more vital variables a model contains, the more accurate
its prediction will be. Some critical information was not
included in our model, including death from a specific
cause, specific clinical symptoms, statin use, and labora-
tory variables (including left ventricular ejection fraction
and brain natriuretic peptide). Fourth, because of the lack
of neutrophils and albumin data, the sample size of this
study was significantly reduced.

Conclusions

Elevated NPAR on admission was independently asso-
ciated with increased of all-cause mortality and length of
stay among CICU patients. The results showed that CICU
patients with higher NPAR were more likely to receive
RRT. Besides, we also provided the evidence that there is
a positive correlation between NPAR and inflammatory
indicators (ie, CRP). To validate our conclusions, prospec-
tive cohort studies are required.
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