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Background: Bloodstream infections (BSI) is one of the major complications in elder inpatients, which is closely related to
inflammation. Neutrophil percentage-to-albumin ratio (NPAR), Neutrophil-to-lymphocyte ratio (NLR), and Platelet-to-lymphocyte
(PLR) are convenient predictors of inflammation and poor prognosis for a wide range of diseases. However, the association of NPAR,
NLR and PLR with in-hospital mortality in elder inpatients with BSI are unclear. This study aimed to investigate the association and
the predictive value of NPAR, NLR and PLR with in-hospital mortality.

Methods: This study included older patients with BSI who were hospitalized in a large healthcare center in Beijing from December 2011 to
January 2024. Kaplan-Meier curves and Cox regression analysis were used to explore the association of NPAR, NLR and PLR with in-
hospital mortality. Restricted cubic spline analysis and Receiver operating characteristics (ROC) were performed to access the dose-
response relationship and predictive value of NPAR, NLR and PLR with in-hospital mortality, respectively.

Results: A total of 511 older patients with BSI were included in this study, with a mean age of 89.948.5 years, of which 85 deaths occurred
during hospitalization (16.6%). After adjustment, the continuous NPAR level was associated with increased risk of in-hospital mortality
(hazard ratio [HR] = 1.08, 95% confidence interval [CI]: 1.05, 1.12). The third tertile group of NPAR significantly increased the risk of in-
hospital mortality compared to the first tertile group of NPAR (HR =3.36, 95% CI: 1.87, 6.02). However, no association between NLR, PLR
and in-hospital mortality was found. The area under the ROC curve of NPAR, NLR, and PLR for predicting mortality were 0.681 (95% CI:
0.615-0.747), 0.666 (95% CI: 0.598-0.733), and 0.510 (95% CI: 0.420-0.559), respectively.

Conclusion: Elevated NPAR was associated with higher risk of in-hospital mortality in older patients with BSI. NPAR may serve as
a convenient and simple prognostic indicator.

Keywords: biomarkers, neutrophil percentage-to-albumin ratio, neutrophil-to-lymphocyte ratio, platelet-tolymphocyte, bloodstream
infections, elder, mortality

Introduction
Bloodstream infections (BSIs) are defined as the presence of microorganisms (eg, bacteria, fungi, or viruses) in the blood,
leading to systemic infection or sepsis." The primary types of BSIs include sepsis and bacteremia, with common pathogens
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encompassing Gram-negative and Gram-positive bacteria, as well as fungi such as Candida species.” Key risk factors for BSIs
include immunosuppressed host states, invasive medical procedures, advanced age, prolonged hospitalization, and intensive
care unit (ICU) admission.” The gold standard for diagnosis is the detection of pathogens through blood cultures obtained from
multiple sites. Persistent bacteremia often indicates ongoing intravascular infection or infection associated with intravascular
devices, whereas intermittent bacteremia typically reflects an extravascular source of infection.* The incidence of BSIs is
estimated to range from 100 to 200 cases per 100,000 person-years, with higher rates observed in critically ill patients,
particularly those in ICUs, where the incidence can reach up to 500 cases per 100,000 person-years. The population-based
estimated incidence rate of BSI (1781/100,000 person-years) was highest among persons >80 years in a population-based
study from southern Sweden.” The case-fatality rate of BSIs generally ranges between 20% and 40%, with elderly and
critically ill patients experiencing mortality rates exceeding 50%. Prognosis varies significantly depending on the causative
pathogen; fungal infections are associated with the highest mortality rates (40-60%), followed by Gram-negative bacterial
infections, while Gram-positive bacterial infections tend to have relatively lower mortality rates.®®

Biomarkers are important in the prognostic assessment of inpatients with BSI. It has been suggested that serum
procalcitonin was a sensitive and specific predictor of 28-day mortality in people over 65 years of age.” Particularly,
inflammation-related biomarkers are strongly related to mortality of BSI. Results of a retrospective cohort study based on
the MIMIC-IV database suggest that indicators of immune inflammation were associated with in-hospital mortality in
critically ill patients.'® Among various inflammation-related biomarkers, researchers have focused on whole blood
inflammatory indicators including neutrophils and lymphocytes, and the association of composite indicators such as
the neutrophil-to-lymphocyte ratio (NLR) and the platelet-to-lymphocyte-ratio (PLR) with a variety of diseases has also
been explored subsequently.“’12 For inpatients with BSI and sepsis, NLR and PLR have been found to be associated with
the poor prognosis, including 28-days and in-hospital mortality.'* "> In addition, a novel biomarker called neutrophil
percentage-to-albumin ratio (NPAR), reflects the body’s level of inflammation and immunity by combining neutrophil
and albumin.'® Recent studies have focused on the relationship between NPAR and various diseases or poor prognosis,
NPAR was reported to be strongly associated with all-cause mortality or cardiovascular disease-related mortality in the
general population and has some predictive value for the risk of mortality in patients with sepsis.'”'*

However, there are no studies that have explored the association of NPAR, NLR and PLR with in-hospital mortality
in older patients with BSI. Therefore, this study was conducted to estimate the predictive value of NPAR for in-hospital
mortality in older patients with BSI, and make comparison with NLR and PLR.

Materials and Methods
Study Population

This retrospective study included older patients over 60 years of age who were hospitalized with BSI from
December 2011 to January 2024 in a healthcare center in Beijing, China. Healthcare-associated bloodstream infections
(BSIs) were defined as the first positive blood culture obtained at least 48 hours after admission, with no evidence of
infection present at the time of admission.'®*® Patients with missing information on laboratory tests, including
neutrophils, lymphocytes, albumin and platelets, were excluded (n = 16), and a total of 511 study participants were
finally included. This study was exempt from informed consent as it was a retrospective analysis and did not involve
patients’ private information. This study was ethically approved by the Ethical Committee of Chinese PLA General
Hospital (S2024-359-02). The study was conducted in accordance with the Declaration of Helsinki.

Data Collection

A real-time nosocomial infection surveillance system (RT-NISS) was used to collect information of HAIs in hospitalized
patients and to screen inpatients who developed BSI. RT-NISS has been shown by several studies to accurately collect and
assess information on HAIs in patients.”' >* Furthermore, clinically relevant information about inpatients was provided by
the hospital information system and the electronic medical record system, including the following: 1) basic information: age
(continuous), gender (male or female), and hospitalize department (internal medicine or surgery medicine); 2) clinical
information: smoking (yes or no), diabetes (yes or no), hypertension (yes or no), coronary disease (yes or no), number of
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operations (0, 1 or >2), intensive care unit (ICU) admission (yes or no), dialysis (yes or no), days of ventilator (0, 1-30,
31-90, or >90), days of central venous catheter (0, 1-60, 61-90, or >90), days of urinary catheter (0, 1-60, 61-90, or >90),
chemotherapy or radiotherapy (yes or no), blood transfusion (yes or no), and combination of antibacterial drug (yes or no); 3)
laboratory test indicators: neutrophil percentage (%), lymphocytes percentage, platelet count (10%/L), and serum albumin
levels (g/L); 4) length of hospital stay (continuous) and discharge outcome (death or survival).

Definition of Study Outcome

In this study, we defined in-hospital mortality, namely the death occurring from any cause during hospitalization, as the
research outcome. The electronic medical record system was used to access whether deaths occurred during the study
subjects’ hospitalization. Survival status was defined if the inpatient remained alive until discharge.

Measurement of NLR, PLR and NPAR

Laboratory test indicators were tested and evaluated by the hospital’s laboratory department, and were selected from the
patient’s most recent test results prior to BSI. NLR for each inpatients was calculated as the absolute neutrophil counts
divided by the absolute lymphocyte counts. By dividing the platelet counts by the absolute lymphocyte counts, the PLR
was computed. The formula for the calculation of NPAR was as follows: NPAR = neutrophil percentage (%) x 100 /
albumin(g/dL). To explore the association of NLR, PLR and NPAR with in-hospital mortality, the NLR, PLR and NPAR
were treated not only as continuous variables, but also as categorical variables, expressed as tertiles.

Statistical Analysis

All data processing and analysis were conducted by the R software (version 4.1.3). Continuous variables were expressed
as mean and standard deviation (SD) if they were normally distributed, otherwise they were expressed as median and
interquartile range (IQR). The Student’s #-test and Wilcoxon rank sum test were used for comparisons of continuous
variables between the death and survival groups. Categorical variables were expressed as frequencies and percentages,
and comparisons between groups were made using the Chi-square test or Fisher’s exact test. The study subjects were
divided into three groups according to the tertiles of NLR, PLR and NPAR respectively, and the differences of in-hospital
mortality among the different groups were analyzed and compared by using Kaplan-Meier curves and Log rank test.
Multivariate Cox regression analysis was performed to study the associations between in-hospital mortality and NLR,
PLR and NPAR, and results were reported as hazard ratio (HR) with its 95% confidence interval (CI). Furthermore, three
regression models were conducted to adjust for confounding covariates as following: 1) model 1 adjusted for none
variables; 2) model 2 adjusted for age (continuous) and gender; 3) model 3 further adjusted for statistically significant
variables in the univariate analysis based on Model 2. The restricted cubic spline (RCS) analysis was used to explore the
dose-response relationships between in-hospital mortality and NPAR, NLR and PLR. The receiver operating character-
istics (ROC) curve analysis and the area under the ROC curve (AUC) with its 95% CI were used to investigate the
predictive value of NPAR, NLR and PLR for in-hospital mortality. In addition, study participants were divided into two
groups (<90 or >90 years) based on age, and subgroup analysis was conducted to explore the association between
biomarkers and death in different age groups. The P-value was set at two side, and a P-value of less than 0.05 was
considered statistically significant.

Results

Characteristics of the Study Participants

A total of 511 inpatients aged 60 years or older with BSI during hospitalization were included in this study. Among the 511
participants, there were 85 deaths (16.6%) and 426 patients survived (83.4%), summarized in Table 1. The mean (£SD) age of
the study participants was 89.948.5 years and there was no significant difference in age between the death and survival groups
(90.1 vs 89.2, P = 0.381). Most of the study subjects were male (97.1%) and mostly were admitted in the internal medicine
department (90.0%). No significant difference was found between the death and survival groups in smoking, diabetes,
hypertension, coronary disease, number of operations, ICU admissions, dialysis, and blood transfusion (all P > 0.05).
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Table | Baseline Characteristics of Study Participants

Characteristic Overall Survive Death P value
(n=511) (n = 426) (n = 85)

Age, year (meanSD) 89.9+8.5 90.1+8.2 89.2+9.7 0.381

Gender, n (%)
Female 15 (2.9) I (2.6) 4 (4.7) 0.479
Male 496 (97.1) 415 (974) 81 (95.3)

Department, n (%)
Internal medicine 460 (90.0) 384 (90.1) 76 (89.4) 0.995
Surgery medicine 51 (10.0) 42 (9.9) 9 (10.6)

Smoking, n (%)
No 313 (61.3) 262 (61.5) 51 (60.0) 0.891
Yes 198 (38.7) 164 (38.5) 34 (40.0)

Diabetes, n (%)
No 293 (57.3) 251 (58.9) 42 (494) 0.134
Yes 218 (42.7) 175 (41.1) 43 (50.6)

Hypertension, n (%)
No 123 (24.1) 103 (24.2) 20 (23.5) 0.997
Yes 388 (75.9) 323 (75.8) 65 (76.5)

Coronary disease, n (%)
No 242 (47.4) 201 (47.2) 41 (48.2) 0.953
Yes 269 (52.6) 225 (52.8) 44 (51.8)

Number of operations, n (%)
0 332 (65.0) 271 (63.6) 61 (71.8) 0.175
| 11 (21.7) 99 (23.2) 12 (14.1)
2 68 (13.3) 56 (13.1) 12 (14.1)

ICU, n (%)
No 432 (84.5) 360 (84.5) 72 (84.7) 0.998
Yes 79 (15.5) 66 (15.5) 13 (15.3)

Dialysis, n (%)
No 492 (96.3) 411 (96.5) 81 (95.3) 0.831
Yes 19 3.7) 15 (3.5) 4 (4.7)

Days of ventilator, n (%)
0 251 (49.1) 228 (53.5) 23 (27.1) <0.001
1-30 58 (11.4) 22 (5.2) 36 (42.4)
31-90 106 (20.7) 81 (19.0) 25 (29.4)
>90 96 (18.8) 95 (22.3) I (1.2)

Days of central venous catheter, n (%)
0 83 (16.2) 74 (17.4) 9 (10.6) <0.001
1-60 127 (24.9) 79 (18.5) 48 (56.5)
61-90 137 (26.8) 116 (27.2) 21 (24.7)
>90 164 (32.1) 157 (36.9) 7 (8.2)

Days of urinary catheter, n (%)
0 189 (37.0) 163 (38.3) 26 (30.6) <0.001
1-60 97 (19.0) 57 (13.4) 40 (47.1)
61-90 89 (17.4) 75 (17.6) 14 (16.5)
>90 136 (26.6) 131 (30.8) 5(5.9)

Chemotherapy or radiotherapy, n (%)
No 458 (89.6) 388 (91.1) 70 (82.4) 0.027
Yes 53 (10.4) 38 (8.9) 15 (17.6)

Blood transfusion, n (%)
No 311 (60.9) 264 (62.0) 47 (55.3) 0.303
Yes 200 (39.1) 162 (38.0) 38 (44.7)

(Continued)
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Table | (Continued).

Characteristic Overall Survive Death P value
(n=5I11) (n = 426) (n = 85)
Combination of antibacterial drug, n (%)
No 71 (13.9) 67 (15.7) 4 (4.7) 0.012
Yes 440 (86.1) 359 (84.3) 81 (95.3)
Length of hospital stay (median [IQR]) 90.0 (65.4, 96.0) | 91.0 (82.1,98.0) | 56.4 (34.2,78.1) | <0.001

Abbreviations: IQR, interquartile range; SD, Standard Deviation; ICU, Intensive Care Unit.

However, there were significant differences between the death and survival groups in the days of ventilator, days of central
venous catheter, and days of urinary catheter (all P < 0.05). In addition, the proportion of chemotherapy or radiotherapy, and
combination of antibacterial drug was higher in the death group than in the survival group (all P < 0.05).

Comparison of NPAR NLR and PLR Between Death and Survival Groups

In terms of biomarkers, there were significant differences between the dead and survival groups in the neutrophil percentage,
lymphocyte percentage, platelet count, and albumin levels, as shown in Table 2. Furthermore, both NPAR and NLR were
significantly higher in the death group than in the survival group (all P <0.001), but there was no significant difference in PLR
(P=0.761). After viewing NPAR and NLR as tertiles, it could be seen that the third tertile (T3) has a higher mortality rate than
the first tertiles (T1) and second tertiles (T2) in Figure 1. In addition, as shown in Figure 2, RCS analysis showed that there was
no non-linear relationship between NPAR, PLR and in-hospital mortality (P for non-linear > 0.05). However, a non-linear
dose-response relationship was observed between NLR and in-hospital mortality (P for non-linear < 0.05).

Associations Between NPAR, NLR, PLR and in-Hospital Mortality in Older Patients
with BSI

As shown in Figure 3, the Kaplan-Meier curves analysis showed that when NPAR and NLR were divided into tertiles
group, there were significant differences in the survival probabilities among the three groups, with the lowest survival

Table 2 Comparison of Blood Inflammation Biomarker in the Study Patients by Survival Status

Characteristic Survive Death P value
(n = 426) (n = 85)

Neutrophil percentage (median [IQR]) 0.7 (0.6, 0.7) 0.8 (0.6, 0.9) <0.001

Lymphocytes percentage (median [IQR]) 0.2 (0.2, 0.3) 0.2 (0.1, 0.2) <0.001

Platelet count, 10°/L (median [IQR]) 162.5 (118.0, 215.0) 141.0 (91.0, 180.0) 0.001

Albumin, g/L (median [IQR]) 345 (31.9, 37.1) 33.2 (30.3, 35.9) 0.004

NPAR (median [IQR]) 19.0 (16.3, 22.0) 22.7 (18.6, 26.6) <0.001
Tl (217.5) 151 (35.4) 18 (21.2) <0.001
T2 (17.5-21.3) I51 (35.4) 17 (20.0)

T3 (>21.3) 124 (29.1) 50 (58.8)

NLR (median [IQR]) 3.1 (2.1, 47) 4.8 (3.0, 10.8) <0.001
TI (52.5) 152 (35.7) 17 (20.0) <0.001
T2 (2.54.3) 147 (34.5) 21 (24.7)

T3 (>4.3) 127 (29.8) 47 (55.3)

PLR (median [IQR]) 125.6 (85.3, 176.2) 123.1 (87.6, 181.4) 0.761
TI (99.3) 140 (32.9) 29 (34.1) 0.886
T2 (99.3-155.0) 142 (33.3) 26 (30.6)

T3 (>155.0) 144 (33.8) 30 (35.3)

Abbreviations: IQR, interquartile range; NPAR, neutrophil percentage-to-albumin ratio; NLR, neutrophil-to-lymphocyte

ratio; PLR, platelet-to-lymphocyte ratio.
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Figure | The blood inflammation biomarkers level and in-hospital mortality in older patients with bloodstream infections. (A) Boxplots of NPAR in death and survival
group. (B) Boxplots of NLR in death and survival group. (C) Boxplots of PLR in death and survival group. (D) In-hospital mortality of older patients with bloodstream
infections by tertile of NPAR. (E) In-hospital mortality of older patients with bloodstream infections by tertile of NLR. (F) In-hospital mortality of older patients with
bloodstream infections by tertile of PLR. The main body of a boxplot covers the range between the lower and upper quartiles. The black horizontal line shows the position
of the mean. P-values were calculated by Wilcoxon test. ***P <0.001.

Abbreviations: NPAR, neutrophil percentage-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; NS, no significant.
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Figure 2 Dose-response relationships between blood inflammation biomarkers and in-hospital mortality in older patients with bloodstream infections. (A) Restricted cubic
spline analysis of the relationship between NPAR and in-hospital mortality. (B) Restricted cubic spline analysis of the relationship between NLR and in-hospital mortality. (C)
Restricted cubic spline analysis of the relationship between PLR and in-hospital mortality.

Abbreviations: NPAR, neutrophil percentage-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; HR, hazard ratios; Cl, confidence
interval.

probability in the T3 group (all P < 0.001). However, no difference was observed in the survival probability between
three groups of PLR (P = 0.83). Table 3 shows the results of the Cox regression analysis. When NPAR was considered
a continuous variable, each unit of elevated NPAR was associated with an increased risk of in-hospital mortality after
adjusting for days of ventilator, days of central venous catheter, days of urinary catheter, chemotherapy or radiotherapy,
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Figure 3 Kaplan-Meier curve analysis of in-hospital mortality across the tertiles of the NPAR (A), NLR (B), and PLR (C) value in older patients with bloodstream infections.
P-value was calculated by log rank test.
Abbreviations: NPAR, neutrophil percentage-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

and combination of drug (aHR = 1.08, 95% CI: 1.05-1.12, P < 0.001). Furthermore, when NPAR was divided into three
groups by tertiles, the third tertile of NPAR (T3) was associated with higher risk of in-hospital mortality, compared to the
first tertile of NPAR (T1) (aHR = 3.36, 95% CI: 1.87-6.02, P < 0.001). In terms of NLR, there was no significant

Table 3 Associations of NPAR, NLR, and PLR with in-Hospital Mortality in Older Patients with Bloodstream Infections

Model | Model 2 Model 3
HR (95% CI) P value HR (95% CI) P value HR (95% ClI) P value

NPAR (continuous) 1.13 (1.09, 1.17) <0.001 1.13 (1.09, 1.17) <0.001 1.08 (1.05, 1.12) <0.001
NPAR (tertiles)

Tl Reference Reference Reference

T2 0.91 (0.47, 1.77) 0.783 0.85 (0.44, 1.66) 0.636 1.87 (0.90, 3.90) 0.095

T3 3.14 (1.83, 5.39) <0.001 3.07 (1.79, 5.27) <0.001 3.36 (1.87, 6.02) <0.001

P for trend <0.001 <0.001 <0.001
NLR (continuous) 1.04 (1.02, 1.06) <0.001 1.04 (1.02, 1.06) <0.001 1.01 (1.00, 1.03) 0.200
NLR (tertiles)

Tl Reference Reference Reference

T2 1.25 (0.66, 2.37) 0.494 1.23 (0.65, 2.33) 0.531 1.32 (0.68, 2.59) 0.415

T3 3.06 (1.76, 5.34) <0.001 2.94 (1.68, 5.17) <0.001 2.77 (1.55, 4.95) <0.001

P for trend <0.001 <0.001 <0.001
PLR (continuous) I (1.00, 1.00) 0.776 1 (1.00, 1.00) 0.753 1.00 (1.00, 1.00) 0.736
PLR (tertiles)

Tl Reference Reference Reference

T2 0.88 (0.52, 1.49) 0.635 0.84 (0.49, 1.42) 0.508 0.72 (0.41, 1.27) 0.257

T3 1.03 (0.62, 1.71) 0917 0.96 (0.57, 1.61) 0.874 0.87 (0.50, 1.52) 0.627

P for trend 0915 0.88I 0.631

Note: Model | adjusted for none.

interval.

Model 2 adjusted for age (continuous) and gender. Model 3 further adjusted for days of ventilator, days of central venous catheter, days of
urinary catheter, chemotherapy or radiotherapy, and combination of antibacterial drug.
Abbreviations: NPAR, neutrophil percentage-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; HR, hazard ratios; Cl, confidence
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Table 4 The Predictive Values of NPAR, NLR, PLR, Neutrophil Percentage and Albumin
for in-Hospital Mortality

AUC (95% CI) Sensitivity | Specificity | Cut-off Value
NPAR 0.681 (0.615, 0.747) 65.9% 67.1% 20.6
NLR 0.666 (0.598, 0.733) 55.3% 72.5% 4.4
PLR 0.510 (0.420, 0.559) 54.1% 50.7% 125.0
Neutrophils percentage | 0.679 (0.610, 0.747) 64.7% 68.5% 0.7
Albumin 0.599 (0.532, 0.666) 56.5% 62.7% 335

Abbreviations: NPAR, neutrophil percentage-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PLR,
platelet-to-lymphocyte ratio; AUC, the area under the receiver operating characteristic curve; Cl, confidence
interval.

difference in the association between NLR and in-hospital mortality when NLR was considered a continuous variable
(aHR = 1.01, 95% CI: 1.00-1.03, P = 0.200). But when NLR was considered as tertiles groups, T3 group of NLR was
associated with increased risk of in-hospital mortality, compared to the T1 group of NPAR (aHR = 2.77, 95% CI:
1.55-4.95, P < 0.001). However, there was no significant difference in the associations between PLR and in-hospital
mortality in older patients with BSI (aHR = 1.00, 95% CI: 1.00-1.00, P = 0.736).

ROC Analysis of NPAR, NLR and PLR in Predicting in-Hospital Mortality

The predictive value of different biomarkers on in-hospital mortality was shown in demonstrated in Table 4 and Figure 4.
Compared with other biomarkers, NPAR demonstrated the highest value of AUC (AUC = 0.681, 95% CI: 0.615-0.747)
and the highest value of sensitivity (65.9%), indicating that NPAR maybe a better indicator to predict the in-hospital
mortality for older patients with BSI. However, NLR exhibited the highest value of specificity (72.5%) compared to
NPAR and other biomarkers.

o
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Figure 4 ROC curve analysis for blood inflammation biomarkers to predict the in-hospital mortality in older patients with bloodstream infections.
Abbreviations: ROC, Receiver operating characteristic; NPAR, neutrophil percentage-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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Age >90 Age <90
Characteristic HR (95% ClI) Pvalue HR (95% CI) Pvalue
NPAR 1.14 (1.07,1.21) i <0.001 1.08 (1.02, 1.14) i 0.007
T1 Reference . Reference ,
T2 1.17 (0.47, 2.90) —l— 0.738 2.14 (0.64, 7.11) —-7 0.214
T3 2.42 (1.20, 4.89) —I— 0.014 6.12 (2.05, 18.3) = 0.001
NLR 1.13 (1.08, 1.18) n <0.001 1.00 (0.98, 1.02) n 0.800
T1 Reference ' Reference '
T2 1.21 (0.52, 2.84) —I— 0.659 1.56 (0.52, 4.68) —-—I— 0.428
T3 3.44 (1.60, 7.41)  —&——— 0.002 2.84 (1.11, 7.30) = 0.030
PLR 1.00 (1.00,1.00) ™ 0.500 1.00 (1.00, 1.00) =™ 0.500
T1 Reference Reference
T2 1.48 (0.68, 3.24) —'—l— 0.325 0.36 (0.13, 1.00) I—' 0.051
T3 1.36 (0.63, 2.96) —»-— 0.432 0.54 (0.21, 1.38) 14— 0.199
0 1 2 8 0 1 4 8

Figure 5 Subgroup analysis of in-hospital mortality by age. Multivariable analyses were adjusted for age (continuous) and gender, days of ventilator, days of central venous
catheter, days of urinary catheter, chemotherapy or radiotherapy, and combination of drug. Red P values indicate significance.

Abbreviations: NPAR, neutrophil percentage-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; HR, hazard ratios; Cl, confidence
interval.

Subgroup Analysis

Considering that the study population was all over 60 years old, subgroup analyses investigated deeply the association
between NPAR and in-hospital mortality in older inpatients with BSI under different age subgroups (<90 years group and
>90 years group). NPAR was associated with in-hospital mortality after adjusting for confounders, both in the >90 and
<90 age groups (Figure 5). Moreover, the T3 group was significantly associated with in-hospital mortality compared with
the T1 group in both age >90 and <90 groups. As for NLR, it was found that NLR was associated with in-hospital
mortality in the >90 age group, however no such association was found in the <90 age group. But when NLR was divided
as a tertiles group, there was a significant increase for in-hospital mortality in the T3 group compared to the T1 group,
both in the age >90 and <90 groups. In terms of PLR, there was no significant association between PLR and in-hospital
mortality in older inpatients with BSI.

Discussion

The identification of potential biomarkers for the poor prognosis of inpatients with BSI is of great clinical importance,
especially considering the high risk of in-hospital mortality in older patients with BSI. In this study, we focused on the
potential association of biomarkers with in-hospital mortality in older patients with BSI, and biomarkers were derived
from blood routine laboratory tests, in particular NPAR, NLR and PLR. In addition, we compared the predictive and
diagnostic value of NPAR, NLR and PLR for in-hospital mortality in older patients with BSI.

Inflammation serves an important role in the development and prognosis of BSI, which is why indicators of inflammation
can demonstrate predictive value of in-hospital mortality for older patients with BSI. BSI releases massive pro-inflammatory
cytokines through immune activation during disease progression, leading to a systemic inflammatory response.'* Especially in
severe cases, it causes sepsis and multi-organ failure, which can be fatal consequently. However, there may be a delay in
neutrophil apoptosis among some patients with complicated BSI that progress to sepsis.>* It suggests that neutrophil indicator
alone has limited predictive value for the death prognosis of patients with BSI.

NLR and PLR were considered to be indicators of the degree of systemic inflammation and immune status. Previous
literature has reported that NLR and PLR were associated with all-cause mortality in the general population or older adults.>>~
%" In the present study, we found that NLR and PLR were not independent risk factors for in-hospital mortality in older patients
with BSI and had low predictive value for in-hospital mortality. However, the results of a retrospective study in China
suggested that NLR was associated with 28-day mortality in patients with BSI and was of great clinical utility in assessing the
degree of disease and prognosis in patients with BSI and sepsis.'* The opposite conclusion was reported in another study, also
from China, which indicated that the NLR was of limited value in predicting 28-day mortality in patients with BSL?® The
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results were inconsistent in different studies, mainly due to differences in the study population and definition of outcomes. In
this study, we concluded that the predictive value of NLR and PLR for in-hospital mortality in older patients with BSI was
limited. Further study is needed to validate the results in the future. RCS analysis indicated that the relationship between NLR
and mortality was non-linear, and this suggested that there was a complex exposure-response relationship between NLR and
mortality. Large-scale studies are needed in the future to verify this association.

In this study, NPAR was found to be significantly associated with in-hospital mortality and had a higher predictive
value for in-hospital mortality than other biomarkers. Previous studies have shown that NPAR was associated with
stroke-associated infection and stroke-associated pneumonia, with some predictive value.?**° There are only two studies
reported on the association between NPAR and mortality in patients with sepsis until now, finding that an elevated NPAR
was related to an increased risk of death, which was similar to the results of our study.'®>' NPAR is a composite marker
of systemic inflammation and immune by combining neutrophil percentage and serum albumin level.'®!” Neutrophils is
a vital indicator of immune function, while albumin reflects the nutritional status, and albumin is proven to have
interactions with some inflammatory mediators.*>>>* An increase in NPAR indicates elevated neutrophils percentage or
declining albumin level, suggesting that the organism is in an inflammatory state or immune deficiency. And this causes
the body to be less resistant to BSI for older inpatients, worsening the damage caused by BSI and causing an increased
risk of in-hospital mortality.> A study from NHANES in the United States reported that NPAR was associated with all-
cause mortality in general population, with an HR of 1.46 (95% CI: 1.33-1.61)."7 Another multicentre retrospective
study from China found that NPAR was associated with one-year mortality in older patients with hip fractures, with
a good sensitivity and specificity.>> Although this study also found that NPAR was associated with in-hospital mortality
in older patients with BSI, and had a higher predictive value compared to other indicators. However, considering that the
AUC value of NPAR alone was still lower than 0.7, further studies combining NPAR with other indicators are needed in
the future. However, we still believed in this study that NPAR, as a convenient and easily accessible biomarker, can be
applied even in some areas with insufficient medical resources, which greatly increased its clinical value. What’s more,
NPAR takes into account the impact of changes in neutrophil percentage and albumin on patients, especially the body of
elderly inpatients is more sensitive to such changes. This is the reason why the diagnostic and predictive efficacy of
NPAR is higher than that of NLR, PLR, albumin and neutrophil percentage.

Some limitations still exist in this study. Firstly, this study was a single-centre retrospective study, and few hospitals
could collect such a large number of older inpatients with BSI. Whether the results of this study can be applied to other
regions or hospitals remains to be investigated. Secondly, most of the elderly patients included in this study were male,
and further studies are needed to increase representation. Thirdly, older patients with BSI may developed a series of
complications, and the potential impact of these complications on in-hospital mortality could not be completely ruled out.
Finally, the NPAR was calculated based on a single measurement before BSI, thus the influence of dynamic changes in
these blood routine indicator parameters over time may be ignored.

Conclusion

Elevated NPAR was associated with higher risk of in-hospital mortality in older patients with BSI, suggesting that NPAR
has a certain clinical value as a convenient and simple indicator. However, the prediction accuracy of NPAR remains to
be verified. Further prospective studies should be conducted to explore the predictive value of NPAR combining with
other clinical indicators on in-hospital mortality in older patients with BSI.

Abbreviations

NPAR, Neutrophil percentage-to-albumin ratio; NLR, Neutrophil-to-lymphocyte ratio; PLR, Platelet-tolymphocyte; BSI,
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