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Background: Neutrophils and albumin had been shown to be independent predictors of mortality from various diseases. Purpose of
this study was to investigate the effect of neutrophil-to-albumin ratio (NPAR) as an independent predictor of mortality in heart failure
(HF) patients.

Methods: Data were extracted from Medical Information Mart for Intensive Care-III database. Primary outcome was 30-day
mortality, secondary outcomes were in-hospital, 90-day, 365-day mortality, length of stay (LOS) in hospital. Cox proportional hazards
regression model and receiver operating characteristic (ROC) curve analysis and Pearson correlation analysis were used.

Results: The HR (95% CI) values of the mid-tertile and the upper tertile were 1.27 (1.01 to 1.59) and 2.29 (1.87 to 2.81) in 30-day
mortality compared with the reference. The trend continued after adjusted for demographic and clinical variables. In the secondary
outcomes were the same trends. The data of the Second Affiliated Hospital of Wenzhou Medical University showed the correlation
coefficient between hospital LOS with NPAR.

Conclusion: NPAR was an independent factor of mortality in HF patients, which was correlated with hospital LOS. Our results need
to be verified by prospective studies.
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Introduction

Heart failure (HF) was a clinical syndrome characterized by symptoms and signs caused by cardiac abnormality that
resulting in a reduced cardiac output and/or elevated intracardiac pressure at rest or during stress.' It was a common
disease among the elderly and a common cause of hospitalization in the elderly population aged 65 and above.” It was
currently a major public health problem in the world.? Heart failure affected more than 26 million people worldwide, and
its prevalence was increasing.* It was estimated that the prevalence of heart failure worldwide was between 0.1%
and 6.7%.

The determination of peripheral leukocytes, mainly neutrophils, and counting was a cheap and widely available
method to assess the presence of any inflammation. Studies had shown that patients with heart failure had higher
circulating levels of pro-inflammatory cytokines, including non-cellular and cellular components, compared with healthy
people.® Albumin was a medium-sized protein with a molecular weight of 66—69 kDa, accounting for more than half of
the whole serum body’s composition.” Albumin had many functions, including osmoregulation, antioxidation and anti
inflammation.®® Hypoalbuminemia was common in patients with HF, and was associated with the mortality of patients
with heart failure in both acute and chronic conditions.'®!'" In elderly patients without heart failure, hypoalbuminemia
was found to be significantly related to the incidence of heart failure.'>'? Recently, several studies had combined these
two markers and found that neutrophil-to-albumin ratio (NPAR) could be used as an inflammation based prognostic
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predictor in patients with STEMI, acute kidney injury, septic shock, rectal cancer, mucinous colorectal adenocarcinoma,
or cardiogenic shock.'*"

However, to our knowledge, no previous studies had explored the prognostic value of NPAR in HF patients. The
purpose of this study was to investigate the association between admission level of NPAR and mortality in HF patients by
using the Medical Information Mart for Intensive Care III database version 1.4 (MIMIC III v1.4) and the data of the
Second Affiliated Hospital of Wenzhou Medical University.

Materials and Methods

Data Source

Our research used the data from Medical Information Mart for Intensive Care III database version 1.4 (MIMIC III v1.4)
and the Second Affiliated Hospital of Wenzhou Medical University. MIMIC-III was a publicly available single-center
critical care database, which was approved by the Institutional Review Boards of Beth Israel Deaconess Medical Center
(BIDMC, Boston, MA, USA) and the Massachusetts Institute of Technology (MIT, Cambridge, MA, USA), included
information on more than 40,000 patients who were admitted to various ICUs of BIDMC in Boston, Massachusetts from
2001 to 2012.%° The database included demographic, vital signs, laboratory tests, vital status and other chart events;
documents International Classification of Diseases and Ninth Revision (ICD-9) codes; the physiological data of
each hour were recorded and confirmed by ICU nurses; and stored written evaluations of radiologic films by specialists
covering in the corresponding time period. We completed the National Institutes of Health online course and passed the
Examination for Protecting Human Research Participants and applied for access. Then the data was extracted from the
database for research purposes, and the patient’s identity information was hidden to protect their privacy. Regarding
patients data from the Second Affiliated Hospital of Wenzhou Medical University, the Institutional Research and Ethics
Institute of the Second Affiliated Hospital of Wenzhou Medical University approved this study involving human subjects.
Since the data was anonymous, no informed consent was required. (Ethical Lot Number: 2021-K-71-01)

Population Selection Criteria

We included all ICU patients (aged >16 years and stayed in the hospital > 48 hours) with the primary diagnosis of HF
using International Classification of Diseases (ICD)-9 diagnosis codes (ICD-9 codes for HF) in the MIMIC-III database
(Additional file S1). Patients were excluded if they had [1] a secondary diagnosis of cancer, leukemia, myelodysplastic
syndrome, or liver disease on admission; or [2] incomplete or unobtainable documented neutrophil percentage, albumin,
or other important data records. 2942 patients were finally included in the MIMIC III database. We collected 328 patients
admitted from June 2020 to May 2021 in the Second Affiliated Hospital of Wenzhou Medical University, subjects
enrolled should also meet the above criteria. For multiple admissions, only the data of the first admission was included.

Data Extraction

The data on the first day of ICU admission were extracted from MIMIC III using Structured Query Language (SQL) with
Navicat Premium including demographic data, basic vital signs, comorbidities, basic laboratory parameters and scoring
system before treatment. If the missing variable was greater than 10%, the variable would not be included. Demographic
information included age, gender and ethnicity. Vital signs on admission included systolic blood pressure (SBP), diastolic
blood pressure (DBP), mean arterial pressure (MBP), heart rate, respiratory rate (RR), temperature and pulse oximetry-
derived oxygen saturation (SpO2) during oxygen therapy. Comorbidities included congestive heart failure (CHF), cardiac
arrhythmias, infected, valvular disease, pulmonary circulation, chronic pulmonary, hypertension and renal failure.
Laboratory findings included albumin, neutrophil percentage, NPAR, serum creatinine, glucose, serum urea nitrogen,
hematocrit, hemoglobin, white blood cell (WBC) count, platelet, red blood cell distribution width (RDW), sodium,
potassium, bicarbonate, anion gap, activated partial thromboplastin time (APTT), international normalized ratio (INR)
and prothrombin time (PT). If the patient had undergone multiple laboratory tests during hospitalization, only the initial
test results were used for analysis. Two scoring systems (the Simplified Acute Physiology Score I [SAPS II] and the
Acute Physiology Score III [APS III]) were calculated within the first 48 hours after admission using the values
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associated with the greatest severity of illness. In-hospital management data included vasopressin use, renal replacement
treatment (RRT) and mechanical ventilation administration. The collection of patients data from the Second Affiliated
Hospital of Wenzhou Medical University was the same as above.

The neutrophil percentage was defined as the percentage of neutrophils in white blood cells. The NPAR was
calculated as the neutrophil percentage as the numerator divided by albumin using the same blood samples drawn on
admission according to the formula: (Neutrophil percentage (%) * 100/Albumin (g/dl)).

The start date for follow-up was the date of the patient’s admission. The date of death was obtained from Social
Security Death Index records from the US government. The primary outcome of our study was all-cause 30-day
mortality. We selected all-cause in-hospital, 90-day, 365-day mortality and hospital LOS as secondary outcomes. In
the data of the Second Affiliated Hospital of Wenzhou Medical University, we calculated the hospital LOS through the
patients’ admission date and discharge date, and obtained the outcome of in-hospital mortality.

Statistical Analysis

Baseline characteristics were divided into three groups according to the NPAR and were presented as frequency (percent)
for categorical data and as mean (SD) or IQR for continuous data. We did comparisons between groups by the %2 test or
Fisher’s exact test for categorical variables and the variance analysis or the Kruskal-Wallis test for continuous ones.

Used the Cox proportional hazards model to examine the association between NPAR and the results. The results were
analyzed according to the tertiles of the NPAR level. The first tertile group was regarded as the reference group. The
results were expressed as HR with 95% CI or B with 95% CI. And used two adjusted models for multivariate analysis.
The confounders selected were based on their relevance to the outcome or changes in effect estimates of more than 10%
or were considered meaningful by clinicians in our model. In adjust I, we adjusted covariates for age, gender and
ethnicity. In adjust II, covariates were adjusted for age, gender, ethnicity, anion gap, bicarbonate, APTT, INR, PT, serum
urea nitrogen, RDW, heart rate, SBP, DBP, RR, temperature, SpO2, cardiac arrhythmias, hypertension, vasopressin use,
infected, SAPSII and APSIII. Performed trend testing to check differences between groups.

In addition, we performed stratification analysis to confirm whether the effect of NPAR differs in each of the
subgroups that were classified by demographic information (eg, age, gender and ethnicity), vital signs (eg, MAP, heart
rate, RR), comorbidities (eg CHF, valvular disease, hypertension, renal failure), laboratory parameters (eg, serum
creatinine, glucose, serum urea nitrogen, RDW, anion gap, APTT, INR, PT), scoring systems (SAPSII and APSIII).

In order to further evaluate the predictive value of NPAR, we performed receiver operating characteristic (ROC)
curve analysis on the 30-day mortality rate based on SPASII score and SPASII score plus NPAR.

According to the data of patients in the Second Affiliated Hospital of Wenzhou Medical University, we also divided
the patients into tertiles according to NPAR value and described the baseline characteristics of the patients. Then the
NPAR value was analyzed by Pearson correlation analysis with hospital LOS.

A two-tailed p value<0.05 was deemed statistically significant. All the analyses were conducted with the R software
(Version 3.6.1, http://www.r-project.org).

Results

Subject Characteristics

After excluding patients who did not meet the inclusion criteria, we included a total of 2942 patients in the MIMIC III
database. (Figure 1) According to the tertiles of NPAR, we divided the patients into three groups. Baseline characteristics
classified by NPAR tertiles were presented in Table 1. 980 (33.31%) patients were in the low NPAR group
(NPAR<22.56), 980 (33.31%) patients were in the medium NPAR group (22.56-27.64), and 982 (33.38%) patients
were in the high NPAR group (NPAR>27.64). Participants with higher calibrated NPAR (NPAR>27.64) were more likely
to be white and to report a history of infected; they also had higher levels of serum urea nitrogen, WBC, neutrophil
percentage, platelet, RDW, and PT and were more likely to use vasopressin and mechanical ventilation than those with
lower NPAR (<22.56). Their scoring systems (SAPS II and APS III) were also higher than those with lower NPAR
(<22.56). The baseline characteristics of patients in the Second Affiliated Hospital of Wenzhou Medical University were
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ICU admission identified from MIMIC-III v1.4
and the Second Affiliated Hospital of Wenzhou

Medical University Inclusion criteria:

* Age>16 years

» Had multiple admissions only input the first admission

* Stayed in the ICU more than 48 hours

Patients diagnosed with heart failure n=3,548 from * The neutrophil percentage and albumin data were not missing
MIMIC-III v1.4 and n=328 from the Second
Affiliated Hospital of Wenzhou Medical University

Excluded:

* Had a secondary diagnosis of cancer, liver disease,

leukemia or myelodysplastic syndrome on admission

Final cohort n=2,942 from MIMIC-III v1.4 and
n=328 from the Second Affiliated Hospital of
Wenzhou Medical University

Figure | Flow chart of cohort selection.
Abbreviations: ICU, intensive care unit; MIMIC-IIl, Medical Information Mart for Intensive Care-lIl.

shown in additional file Table S2. The group with higher NPAR had lower DBP, higher temperature and higher risk of
acute coronary syndrome, heart valve disease, chronic kidney disease and pneumonia. In addition, the data from the
Second Affiliated Hospital of Wenzhou Medical University also showed that for those patients with higher NPAR, their
hospital LOS was longer.

Association Between Neutrophil-to-Albumin Ratios and Mortality

In-hospital deaths and during the 30-day, 90-day and 365-day follow-up period, 469, 598, 879 and 1321 deaths were
recorded respectively in the MIMIC III database. The results of the relationship between NPAR and mortality and
hospital LOS in HF patients were shown in Table 2.

For the primary outcome of 30-day mortality, we found that higher NPAR was related to increased risk of mortality.
The HR (95% CI) values of the mid-tertile (NPAR=22.56-27.64) and the upper tertile (NPAR>27.64) were 1.27 (1.01 to
1.59) and 2.29 (1.87 to 2.81), respectively, when compared with the reference (NPAR<22.56). After adjusted for age,
gender and ethnicity in adjust I, an increasing trend was also observed in the upper tertile (NPAR>27.64) was 2.18 (1.78
to 2.67). After further adjusted for potential confounders in adjust II, the upward trend remained statistically significant in
the upper tertile: 1.52 (1.22 to 1.90). The similar trends were also observed for the secondary outcomes of 90-day and
365-day mortality and hospital LOS. Among the secondary results of in-hospital all-cause mortality, only the non-
adjusted and adjust I observed an increasing trend in the upper tertile (NPAR>27.64) were 1.37 (1.10 to 1.72) and 1.31
(1.04 to 1.64).

Subgroup Analyses

The subgroup analysis was performed to determine the consistency of the association between NPAR and 30-day
mortality in HF patients in the MIMIC III database. In the subgroup analyses, the association between the NPAR and
the risk of 30-day mortality was similar for most strata (P=0.065-0.942) (Table 3). All subgroup factors showed low
significance with 30-day mortality.
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Table | Baseline Characteristics of the Study Population
Characteristics The Level of NPAR P value
<22.56 22.56-27.64 >27.64
(n=980) (n=980) (n=982)
NPAR, dl/g 18.55 + 4.19 25.03 + 1.40 33.82 + 6.40 <0.001
Clinical parameters
Age, years 72.13 £ 13.95 7299 = 13.52 73.11 = 14.13 0.237
Gender, n(%) 0.420
Male 520 (53.06) 497 (50.71) 494 (50.31)
Female 460 (46.94) 483 (49.29) 488 (49.69)
Ethnicity, n(%) <0.001
White 687 (70.10) 712 (72.65) 724 (73.73)
Black 153 (15.61) 107 (10.92) 88 (8.96)
Other 140 (14.29) 161 (16.43) 170 (17.31)
Vital signs
SBP, mmHg 118.54 + 18.36 11726 £ 17.13 11345 + 16.82 <0.001
DBP, mmHg 60.11 +11.80 58.02 £ 10.17 55.95 + 10.38 <0.001
MAP, mmHg 7731 £ 11.89 75.65 + 10.49 73.38 £ 11.01 <0.001
Heart rate, beats/minute 83.32 + 16.61 84.45 = 16.19 87.92 = l6.11 <0.001
RR, times/minute 19.79 £ 3.92 20.16 + 4.07 20.34 £ 4.16 0.009
Temperature, °C 36.75 £ 0.65 36.78 + 0.67 36.74 £ 0.70 0.461
SpO,, % 96.89 + 2.07 96.77 £ 2.63 96.99 + 2.83 0.170
Comorbidities, n(%)
CHF 942 (96.12) 944 (96.33) 956 (97.35) 0.273
Cardiac arrhythmias 526 (53.67) 571 (58.27) 559 (56.92) 0.109
Infected 412 (42.04) 547 (55.82) 691 (70.37) <0.001
Valvular disease 245 (25.00) 246 (25.10) 195 (19.86) 0.007
Pulmonary circulation 134 (13.67) 137 (13.98) 109 (11.10) 0.113
Chronic pulmonary 324 (33.06) 354 (36.12) 306 (31.16) 0.063
Hypertension 636 (64.90) 634 (64.69) 528 (53.77) <0.001
Renal failure 330 (33.67) 341 (34.80) 325 (33.10) 0.721
Laboratory parameters
Albumin, g/dl 3.73 £ 048 331 £034 2,62 £ 041 <0.001
Serum creatinine, mg/dl 2.14 £ 2.11 2.10 £ 1.91 2.10 £ 1.75 0.838
Glucose, mg/dl 160.28 + 93.25 168.67 + 96.08 155.49 + 98.02 0.009
Serum urea nitrogen, mg/dl 38.63 = 27.12 40.65 + 27.80 44.10 £ 29.20 <0.001
Hematocrit, % 35.18 £ 6.73 33.29 £ 6.57 3149 £ 571 <0.001
Hemoglobin, g/d| 11.66 +2.28 10.98 + 2.23 10.30 + 1.94 <0.001
WBC, 10°/1 11.90 + 13.77 13.10 + 7.37 15.25 + 8.63 <0.001
Neutrophil percentage, % 69.53 + 17.54 82.78 + 8.00 86.53 + 6.97 <0.001
Platelet, 10°/1 234.15 + 119.42 251.99 + 11831 266.00 + 140.54 <0.001
RDWy, fl 15.50 + 2.18 15.65 + 2.18 16.26 + 2.30 <0.001
Sodium, mmol/l 137.87 + 5.28 138.04 + 5.44 138.36 + 5.90 0.135
Potassium, mmol/l 442 + 0.88 4.38 + 0.78 429 +0.78 0.002
Bicarbonate, mmol/l 24.68 + 5.83 24.20 + 5.89 23.60 = 5.90 <0.001
Anion gap, mmol/l 16.92 + 4.63 16.52 £ 4.50 15.78 £ 4.45 <0.001
APTT, second 38.58 + 25.17 3891 + 24.87 40.37 £+ 25.11 0.256
INR 1.76 £ 1.46 1.92 + 1.94 1.87 + 1.74 0.126
PT, second 17.52 + 9.58 18.74 + 13.45 19.03 + 15.55 0.029
Scoring systems
SAPSII 40.07 + 12.80 40.88 £ |1.57 4541 £ 14.03 <0.001
APSIII 49.55 + 18.08 50.97 + 16.63 59.91 £ 20.80 <0.001
(Continued)
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Table | (Continued).

Characteristics The Level of NPAR P value
<22.56 22.56-27.64 >27.64
(n=980) (n=980) (n=982)
In-hospital management, n(%)
Vasopressin use 336 (34.29) 368 (37.55) 470 (47.86) <0.001
RRT 71 (7.24) 69 (7.04) 89 (9.06) 0.184
Mechanical ventilation 382 (38.98) 424 (43.27) 486 (49.49) <0.001
Primary outcome, n(%)
30-day mortality 137 (13.98) 170 (17.35) 291 (29.63) <0.001
Secondary outcomes
In-hospital mortality, n(%) 115 (11.73) 126 (12.86) 228 (23.22) <0.001
90-day mortality, n(%) 212 (21.63) 263 (26.84) 404 (41.14) <0.001
365-day mortality, n(%) 347 (35.41) 408 (41.63) 566 (57.64) <0.001
Hospital LOS, day 10.79 £ 10.92 11.53 £9.30 14.66 + 12.68 <0.001

Note: The data came from patients in MIMIC |ll database.

Abbreviations: NPAR, ratio of neutrophil to albumin; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; RR, respiratory rate; SpO,,
pulse oximetry-derived oxygen saturation; CHF, congestive heart failure; WBC, white blood cell count; RDW, red blood cell distribution width; APTT, activated partial
thromboplastin time; INR, international normalized ratio; PT, prothrombin time; SAPSII, simple acute physiology score II; APSIII, acute physiology score Ill; RRT, renal
replacement treatment; LOS, length of stay.

ROC Curve Analysis

ROC curve analysis was performed to further test the potential prognostic value of NPAR in predicting the survival of
HF patients in the MIMIC III database. As shown in Figure 2, when ROC curve analysis was performed combining
NPAR and SAPSII score, the C statistic was higher than that of SAPSII scores (0.731 vs 0.719, 0.016).

Association between neutrophil-to-albumin ratios and hospital LOS For the data of patients in the Second Affiliated
Hospital of Wenzhou Medical University, we plotted the scatter plot of hospital LOS, and the results showed that hospital
LOS was positively correlated with NPAR (Figure 3). In addition, Pearson correlation analysis was performed for
hospital LOS with NPAR, and the results were shown in additional file Table S3. The correlation coefficient between
hospital LOS and NPAR was 0.325, which was better than that of neutrophil percentage and albumin alone.

Discussion

According to our research findings, it could be summarized as follows. First of all, it could be observed that hospital
admission NPAR was closely related to the patient’s main outcome 30-day mortality rate, and high-value NPAR was
related to the patient’s increased risk of death. Second, higher NPAR was associated with increased risks of hospitaliza-
tion, 90-day and 365-day mortality and hospital LOS in HF patients. Third, after adjusted for potential confounding
factors, hospital admission NPAR was determined to be an independent predictor of the clinical outcome of HF patients.
Fourth, NPAR combined with SAPSII proved to have better outcome predictors than SAPSII alone. Fifth, consistent with
the results in MIMIC-III database, hospital LOS and in-hospital all-cause mortality of patients with heart failure were
closely related to NPAR, high NPAR might increase hospital LOS, as the data from the Second Affiliated Hospital of
Wenzhou Medical University.

HF was a complex clinical syndrome involving multiple pathogenesis, including myocardial hypertrophy, neurohor-
monal disorders, balance disorders between sympathetic and parasympathetic tension, and the destruction of the system
of renin-angiotensin-aldosterone.”' ** Inflammation played an important role in the development of heart failure and was
related to the pathway of cardiac remodeling. The relationship between the two was complex and bidirectional, which
had not been fully clarified.*> HF patients had elevated levels of pro-inflammatory circulating factors, such as IL-6, TNF-
o, GDF15 and galectin-4.%° The activity of neutrophils was regulated systemically by a variety of mediators, including
cytokines, “classical” neuroendocrine hormones and bioactive lipids, neutrophils also release a variety of inflammatory
factors at the same time.?” The inflammatory process could lead to myocardial damage, and inflammatory factors could
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Table 2 HR (95% ClI) or B (95% ClI) for Outcomes Across Groups of Neutrophil-to-Albumin Ratios

Non-Adjusted Adjust | Adjust 11
Mortality HR (95% ClI) P value HR (95% Cl) P value HR (95% ClI) P value
30-Day all-cause mortality
NPAR 1.04 (1.03, 1.05) <0.001 1.04 (1.03, 1.05) <0.001 1.02 (1.01, 1.03) <0.001
Tertiles
<22.56 1.00 1.00 1.00
22.56-27.64 1.27 (1.01, 1.59) 0.037 1.22 (0.97, 1.53) 0.085 1.18 (0.93, 1.49) 0.171
>27.64 2.29 (1.87,2.81) <0.001 2.18 (1.78, 2.67) <0.001 1.52 (1.22, 1.90) <0.001
P for trend <0.001 <0.001 <0.001
In-hospital all-cause mortality
NPAR 1.02 (1.00, 1.03) 0.004 1.01 (1.00, 1.02) 0.017 1.00 (0.99, 1.02) 0416
Tertiles
<22.56 1.00 1.00 1.00
22.56-27.64 1.01 (0.78, 1.30) 0.968 0.96 (0.74, 1.24) 0.752 0.99 (0.76, 1.29) 0.962
>27.64 1.37 (1.10, 1.72) 0.006 1.31 (1.04, 1.64) 0.020 1.09 (0.85, 1.40) 0.483
P for trend 0.002 0.007 0.436
90-Day all-cause mortality
NPAR 1.04 (1.03, 1.04) <0.001 1.04 (1.03, 1.05) <0.001 1.02 (1.01, 1.03) <0.001
Tertiles
<22.56 1.00 1.00 1.00
22.56-27.64 1.28 (1.07, 1.53) 0.007 1.24 (1.03, 1.48) 0.022 1.19 (0.99, 1.43) 0.069
>27.64 2.17 (1.84, 2.56) <0.001 2.09 (1.77, 2.47) <0.001 1.46 (1.22, 1.75) <0.001
P for trend <0.001 <0.001 <0.001
365-Day all-cause mortality
NPAR 1.03 (1.03, 1.04) <0.001 1.04 (1.03, 1.04) <0.001 1.02 (1.01, 1.03) <0.001
Tertiles
<22.56 1.00 1.00 1.00
22.56-27.64 1.24 (1.07, 1.43) 0.004 1.20 (1.04, 1.39) 0.012 1.14 (0.99, 1.33) 0.075
>27.64 2.01 (1.76, 2.30) <0.001 1.97 (1.72, 2.26) <0.001 1.43 (1.24, 1.66) <0.001
P for trend <0.001 <0.001 <0.001
Hospital LOS, day B (95% Cl) P value B (95% Cl) P value B (95% ClI) P value
NPAR 0.19 (0.14, 0.24) <0.001 0.19 (0.14, 0.24) <0.001 0.07 (0.01, 0.12) 0.017
Tertiles
<22.56 0.00 0.00 0.00
22.56-27.64 0.74 (-0.24, 1.72) 0.139 0.80 (—0.18, 1.77) 0.109 —0.23 (—1.18, 0.73) 0.643
>27.64 3.87 (2.89, 4.85) <0.001 3.93 (2.95, 4.90) <0.001 1.38 (0.35, 2.40) 0.008
P for trend <0.001 <0.001 0.006

Notes: Non-adjusted and Adjust | and Il were derived from Cox proportional hazards regression models: Adjust | covariates were adjusted for age, gender and ethnicity;
Adjust Il covariates were adjusted for age, gender, ethnicity, anion gap, bicarbonate, APTT, INR, PT, serum urea nitrogen, RDW, heart rate, SBP, DBP, RR, temperature, SpO,,
cardiac arrhythmias, hypertension, vasopressin use, mechanical ventilation, infected, SAPSII, APSIIl. The data came from patients in MIMIC Il database.

Abbreviations: NPAR, ratio of neutrophil to albumin; HR, hazard ratio; Cl, confidence interval; OR, odds ratio; RRT, renal replacement treatment; APTT, activated partial
thromboplastin time; INR, international normalized ratio; PT, prothrombin time; RDW, red blood cell distribution width; SBP, systolic blood pressure; DBP, diastolic blood pressure;
RR, respiratory rate; SpO2, pulse oximetry-derived oxygen saturation; SAPSII, simple acute physiology score Il; APSIII, acute physiology score Ill; LOS, length of stay.

promote the worsening and progression of heart failure.”® Neutrophils were the main type of leukocytes in acute
inflammation. New evidence that neutrophils contributed to the clinical manifestations of cardiovascular disease had
been fully discussed, including the pathogenesis and repair processes of heart failure, myocardial infarction and
neointima formation.”” A recent study showed that neutrophil transcription activation was associated with systemic
inflammation and functional damage in patients with heart failure, which may indicate that neutrophils play a pathogenic
role in the pathogenesis of the disease.*”

Albumin was a protein synthesized by the liver, and its plasma concentration was affected by its ratio of synthesis,

loss and dilution of exogenous albumin.®>'* When in a state of inflammation, including infection, trauma, and surgery,
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Table 3 Subgroup Analysis of the Association Between NPAR and 30-Day Mortality

Variables No. of Patients HR Lower Limit of 95% CI | Upper Limit of 95% CI | P for Interaction

Age, years 0.942
<75 1471 1.04 1.02 1.05
275 1471 1.04 1.03 1.05

Gender 0.381
Male I511 1.04 1.03 1.06
Female 1431 1.04 1.02 1.05

Ethnicity 0.491
White 2123 1.04 1.03 1.05
Black 348 1.04 1.02 1.06
Other 471 1.03 1.00 1.05

MAP, mmHg 0.165
<74 1468 1.03 1.02 1.04
274 1469 1.04 1.03 1.06

Heart rate, beats/minute 0.233
<84 1468 1.05 1.04 1.07
284 1469 1.03 1.02 1.04

RR, times/minute 0.118
<20 1468 1.04 1.03 1.05
220 1469 1.04 1.03 1.05

CHF 0.632
Yes 2842 1.04 1.03 1.05
No 100 1.02 0.95 1.10

Valvular disease 0.292
Yes 686 1.05 1.03 1.08
No 2256 1.04 1.03 1.05

Hypertension 0.447
Yes 1798 1.04 1.03 1.05
No 1144 1.03 1.02 1.05

Renal failure 0.558
Yes 996 1.04 1.03 1.06
No 1946 1.04 1.03 1.05

Serum creatinine, mg/d| 0.768
<l4 1455 1.04 1.03 1.05
=15 1487 1.04 1.03 1.05

Glucose, mg/dl 0.761
<134 1458 1.03 1.02 1.05
=135 1482 1.05 1.03 1.06

Serum urea nitrogen, mg/dl 0.815
<32 1454 1.04 1.03 1.05
233 1488 1.04 1.02 1.05

RDWY, fl 0.636
<152 1421 1.04 1.02 1.06
=153 1518 1.03 1.02 1.04

Anion gap, mmol/| 0.065
<15 1379 1.04 1.03 1.05
216 1563 1.05 1.03 1.06

APTT, second 0.756
<3l 1421 1.04 1.02 1.06
>31 1428 1.04 1.03 1.05

(Continued)
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Table 3 (Continued).

Variables No. of Patients HR Lower Limit of 95% ClI | Upper Limit of 95% CI | P for Interaction
INR 0.114
<1.2 1147 1.04 1.02 1.06
213 1699 1.03 1.02 1.04
PT, second 0.103
<145 1416 1.03 1.01 1.05
214.6 1430 1.04 1.03 1.05
SAPSII 0.526
<40 1464 1.04 1.02 1.06
24| 1478 1.03 1.02 1.04
APSIII 0.614
<50 1419 1.03 1.01 1.05
251 1523 1.03 1.02 1.04

Notes: HR (95% Cl) were derived from Cox proportional hazards regression models. The data came from patients in MIMIC |Il database.

Abbreviations: NPAR, ratio of neutrophil to albumin; HR, hazard ratio; Cl, confidence interval; MAP, mean arterial pressure; RR, respiratory rate; CHF, congestive heart
failure; RDWY, red blood cell distribution width; APTT, activated partial thromboplastin time; INR, international normalized ratio; PT, prothrombin time; SAPSII, simple acute
physiology score II; APSIII, acute physiology score lI.

plasma albumin levels would also decrease.'' Various reasons were known to cause the reduction of plasma albumin
levels in patients with heart failure, including malnutrition, blood dilution, decreased synthesis caused by liver conges-
tion, inflammation, increased metabolic activity, and proteinuria.®* Studies had found that patients with hypoalbuminemia
were more likely to have a history of chronic renal failure than patients without hypoalbuminemia, suggesting that renal
insufficiency was one of the causes of patients with hypoalbuminemia.*> There was evidence that severe hypoalbumi-
nemia promotes fluid retention and edema by reducing plasma osmotic pressure, which may further aggravate heart
failure and renal failure.*® An investigation found that human serum albumin may be a marker of protein metabolism
disorder and low-grade catabolism inflammation in patients with chronic heart failure.*’

Our findings were consistent with studies evaluating the prognostic value of NPAR in other clinical settings including
STEMI, acute kidney injury, septic shock, rectal cancer, mucinous colorectal adenocarcinoma, and cardiogenic shock.'* "
Our study found that NPAR was an independent predictor of all-cause mortality in patients with heart failure. Combined
with neutrophils and albumin, NPAR was better than neutrophils or albumin alone in evaluating inflammatory process.
Moreover, ROC showed that the combination of NPAR and SAPSII can enhance the prediction ability of SAPSII. The data
from the Second Affiliated Hospital of Wenzhou Medical University showed that NPAR was also positively correlated with
hospital LOS. A previous retrospective study on this index and cardiogenic shock showed that this index was associated
with mortality in patients with cardiogenic shock.'® This meant that NPAR might be one of the effective indicators to
predict the prognosis of patients with inflammatory related heart disease. As a potential new biomarker, NPAR could be
quickly and easily read from the admission laboratory, and had certain advantages in simplicity. Given its low cost,
availability, and ability to predict mortality, NPAR had clinical value for patients with heart failure and could help clinicians
make quick judgments.

Our study had several advantages. Our analysis adjusted for potential confounders that might influence the relation-
ship between NPAR and all-cause mortality in patients with failure, and we repeatedly validated our results with multiple
models. However, there were some limitations to our study. Firstly, we used a single-center retrospective study design,
therefore, our study may have potential bias. Future prospective studies were needed to address this issue. Secondly,
NPAR was readily available in clinical practice, but the missing of etiology, exacerbation factors of heart failure, NT-
proBNP, LV ejection, LV volume and diastolic dysfunction grade in the database were still prevalent, which might lead to
selection bias. Third, these preliminary data suggested that NPAR might be a risk adjusted tool with prognostic
significance for HF. To establish NPAR as a prognostic marker, researchers must further verify its clinical significance.
Fourth, the history and use of useless drugs were the most important factors affecting the long-term efficacy, especially
the appropriate drugs affecting the survival rate of heart failure (RAS inhibitors, beta-blockers, ect.), so there was a big
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Figure 2 ROC curve for combining SAPSII and NPAR. (Model I: SAPSII+NPAR; model 2: SAPSII).

Note: The data came from patients in MIMIC [ll database.

Abbreviations: AUC, area under the curve; SAPSII, simple acute physiology score Il; APSIII, acute physiology score lll; NPAR, ratio of neutrophil to albumin; ROC, receiver
operator characteristic curve.

deviation in the study of the relationship between NPAR and mortality in patients with heart failure. In conclusion, future
studies need to further validate the results of this study.

Conclusions

NPAR was an independent related factor of all-cause mortality in patients with heart failure. ROC analysis showed that
NPAR combined with SAPSII score can improve the predictive ability of SAPSII score. Our results need to be verified
by prospective studies.
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Figure 3 Pearson correlation analysis of the NPAR and hospital LOS.
Note: The data came from patients in the Second Affiliated Hospital of Wenzhou Medical University.
Abbreviations: NPAR, ratio of neutrophil to albumin; LOS, length of stay.

Abbreviations

HF, heart failure; NPAR, neutrophil-to-albumin ratio; MIMIC-III, Multiparameter Intelligent Monitoring in
Intensive Care III database; ICD-9, International Classification of Diseases and Ninth Revision codes; SQL,
Structured Query Language; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean arterial
pressure; RR, respiratory rate; SpO2, pulse oximetry-derived oxygen saturation; CHF, congestive heart failure;
WBC, white blood cell; RDW, red blood cell distribution width; APTT, activated partial thromboplastin time;
INR, international normalized ratio; PT, prothrombin time; SAPS II, Simplified Acute Physiology Score II; APS
III, Acute Physiology Score III; RRT, renal replacement treatment; ROC, receiver operating characteristic; LOS,
length of stay.
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