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Purpose: Nutritional status is related to the clinical outcomes of patients with acute exacerbation of chronic obstructive pulmonary
disease (AECOPD). The aim of this study was to investigate the association between nutritional status, measured by the prognostic
nutritional index (PNI), and adverse hospitalization outcomes in patients with AECOPD.

Methods: Consecutive AECOPD patients admitted to the First Affiliated Hospital of Sun Yat-sen University between January 1, 2015
to October 31, 2021 were enrolled. We collected the clinical characteristics and laboratory data of patients. Multivariable logistic
regression models were developed to assess the relationship between the baseline PNI and adverse hospitalization outcomes.
A generalized additive model (GAM) was used to identify any non-linear relationship. In addition, we performed a subgroup analysis
to tested the robustness of the results.

Results: A total of 385 AECOPD patients were involved in this retrospective cohort study. Based on the tertiles of PNI, patients in the
lower tertiles of PNI showed more worse outcome incidence (30 [23.6%] versus 17 [13.2%] versus 8 [6.2%]; p < 0.001). Multivariable
logistic regression analysis revealed that the PNI were independently associated with adverse hospitalization outcomes after adjust-
ment for confounding factors (Odds ratio [OR] = 0.94, 95% CI: 0.91 to 0.97, P < 0.0001). After adjusting for confounders, smooth
curve fitting showed a saturation effect, suggesting that the relationship between the PNI and adverse hospitalization outcomes was
nonlinear. Two-piecewise linear regression model suggested that the incidence of adverse hospitalization outcomes significantly
decreased with PNI level up to the inflection point (PNI = 42), and PNI was not associated with adverse hospitalization outcome after
that point.

Conclusion: Decreased PNI levels at admission were determined to be associated with adverse hospitalization outcomes in patients
with AECOPD. The results obtained in this study may potentially assist clinicians optimize risk evaluations and clinical management
processes.
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Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by chronic airway inflammation and lung parenchymal
destruction, which leads to irreversible airflow limitation." As reported by the World Health Organization, 3.23 million
people worldwide died from COPD in 2019, and more than 90% of those deaths occurred in low- and middle-income

countries, including China.” It is estimated that more than 5.4 million people will die each year from COPD and related
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diseases by 2060.> Acute exacerbation of COPD (AECOPD) is the most important factor affecting the prognosis of
patients with COPD and is the most common cause of hospitalization and death in COPD patients."*

Malnutrition often occurs in elderly hospitalized patients, and is associated with impaired respiratory function. It has
been reported that 30 to 60% of patients hospitalized with COPD are malnourished.®’ Among patients with COPD,
malnutrition is associated with impaired lung function, increased risk of hospitalization, lowered exercise tolerance, poor
quality of life, and increased risks for mortality.*'' Moreover, malnutrition greatly increases the risks of exacerbation,
prolonged lengths of stay, and increased costs.'” In addition, inflammation also plays an important role in the
pathogeneses as well as the outcomes of AECOPD patients.'? Studies have shown that inflammatory biomarkers such
as neutrophil-to-lymphocyte ratio,'* platelet-to-lymphocyte ratio,'> and red blood cell distribution width'® can be used to
predict the prognosis of patients with AECOPD. However, since this group of biomarkers is somewhat homogeneous and
not comprehensive, it is crucial to find an indicator that may reflect both the inflammation and nutritional status of
patients with AECOPD.

Prognostic nutritional index (PNI), based on total lymphocyte counts and serum albumin concentrations, is a new type
of parameter. Collins et al showed that lymphocyte count below 1500 is often a sign of malnutrition.® Serum albumin is
also commonly used to assess nutritional status and is closely related to the severity of malnutrition.'” Several studies
have shown that COPD patients with hypoalbuminemia has been associated with a prolonged length of hospital stay
during acute exacerbation, acute respiratory failure, and increased mortality.'®'? Therefore, the PNI takes into account
both lymphocyte counts and serum albumin concentration levels to give a more accurate indication of the patients’
inflammation and nutritional conditions. PNI has recently been identified as a reliable and independent prognostic

2! and heart failure.”> However, few studies have explored the effects

indicator for malignancy,”® autoimmune disease,
of PNI on prognosis of patients with AECOPD. The purpose of this study was to examine the clinical significance of PNI

in patients hospitalized for AECOPD.

Methods
Study Design and Population

More detailed information regarding this study has been previously published.”® In summary, we conducted an observa-
tional study of AECOPD patients who were admitted to the First Affiliated Hospital of Sun Yat-sen University between
January 1, 2015 and October 31, 2021. A total of 385 patients with AECOPD (excluding 3 patients with missing serum
albumin or lymphocyte count) were included in this analysis, as shown in Figure 1. When a patient had multiple
admissions to the hospital, only the first admission was recorded. The inclusion criteria were as follows: Patients were
diagnosed with AECOPD at admission and at least 40 years of age or more. The exclusion criteria included other
respiratory diseases (such as tuberculosis, asthma, bronchiectasis, lung cancer, interstitial lung disease), septic shock,
severe cardiovascular disease (including acute left heart failure), autoimmune connective tissue diseases, and hemato-
logic diseases (including chronic lymphocytic leukemia, multiple myeloma, and so on).

The study was approved by the Ethics Committee of The First Affiliated Hospital of Sun Yat-sen University (Ethics
No. [2022]-179) and complied with the Declaration of Helsinki. It should be noted that due to the anonymous nature of
the data, this study obtained an exemption for informed consent from the Ethics Committee.

Data Collection

All data used in this study were collected from the electronic hospital information system. The information included
demographic data, comorbidities, and laboratory findings were reviewed, such as age, sex, BMI, smoking history,
comorbidities (including hypertension, diabetes, arrhythmia, congestive heart failure, chronic kidney disease and
coronary artery disease). In addition, we collected the age-adjusted Charlson Comorbidity Index (aCCI), which was
calculated from published methodology.** The biochemistry measurements included leukocytes, lymphocytes, neutro-
phils, monocytes, eosinophils (Eos), hemoglobin (Hb), platelets (PLT), red blood cells, procalcitonin (PCT), C-reactive
protein (CRP), lactic dehydrogenase (LDH), N-terminal probrain natriuretic peptide (NT-proBNP), creatinine (Cr), blood
urea nitrogen (BUN), albumin, serum potassium, serum sodium, serum calcium, total cholesterol (TC), triglyceride (TG),
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Consecutive include previously diagnosed AECOPD patients
admitted to the hospital in January 2015 to October 2021
N =564

176 Exclude:
33 asthma
25 lung cancer
84 bronchiectasis
2 tuberculosis
18 interstitial lung disease
3 acute left heart failure
5 septic shock
6 diseases of the blood system, including chronic
lymphocytic, leukemia, multiple myeloma, myelofibrosis

388 eligible patients

Excluded 3 miss data

Total 385 patients were enroled

Electronic medical records

Variables :

Baseline characteristics (demographics; comorbidities; smoking history)
Biochemistry including Blood cell count and arterial blood gas

Worse outcome (requiring invasive ventilatior, ICU admission or death in hospital)

Figure | Flowchart of the study participants.
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; ICU, intensive care unit.

low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c), pH, partial pressure of carbon
dioxide (PaCO,). The formula used for calculating the PNI was as follows: PNI = 10xserum albumin (g/dL)+0.005x%total
lymphocyte count (per mm?).?>

The clinical outcomes of each patient were recorded. Poor hospitalization outcomes were considered for patients who
met any one of these three criteria: Intensive care unit (ICU) admission, invasive ventilator required, or death in hospital.

Statistical Analysis

The baseline characteristics were described and compared by the tertiles of the PNI. Continuous variables are presented
as mean + SD (normal distribution) or medians and IQR (skewed distribution), while categorical variables are presented
as number (%). The differences among the groups were assessed using Chi-Squared tests for the categorical variables, the
One-Way Anova tests for normally distributed continuous variables. We used multiple imputations (MIs), based on five

2627 to account for missing data on the most

replications and a chained equation approach method in the R MI procedure,
important covariate.
Firstly, Univariate and multivariable logistic regression models were used to evaluate the relationship between the

PNI and the adverse hospitalization outcomes. We evaluated the relationship of the PNI as a continuous variable with the
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most adverse hospitalization outcomes, and then we examined the relationship when PNI was treated as variable
categorized into tertiles. In the multivariable adjusted models, sex, age, BMI, smoking status, comorbidities, leukocytes,
PLT, Eos, Hb, BUN, TC, NT-proBNP, pH, PaCO,, serum potassium, serum calcium, serum sodium and required NIMV
were included. The following principles were used to determine whether the potential confounders should be adjusted:
Previously used or reported as relevant,”® and the potential confounders effect estimates individually changed by at least
10%.%° Secondly, potential nonlinear associations between the PNI levels and the incidence of clinical outcomes were
examined with spline smoothing plot. Once non-linear relationship was found, a recursive algorithm was used to
objectively calculate the inflection point. This was followed by two-piecewise linear regressions on either side of the
inflection point. The optimal fitting model was determined according to the p value of logarithmic likelihood ratio test.
Finally, subgroup analysis was conducted using a stratified linear regression model. Interactions were evaluated using
likelihood ratio tests. Due to 18.9% of the patients missing BMI and 35% of the patients missing TC, MIs were used for
the models with BMI and TC. Five imputed data sets were generated and then pooled to obtain the imputed results.?” All
of the analyses were performed using Empower (R) (http://www.empowerstats.net/cn/, X&Y Solutions, Inc., Boston,

MA) and R (http://www.R-project.org, The R Foundation). In this study, p value < 0.05 was considered statistically

significant.

Results

Demographic Characteristics

A total of 385 patients included in the final analyses, the mean (standard deviation) age of the cohort was 74.2 (8.7)
years, and 87.8% of the participants were male. The overall number of patients with adverse in-hospital outcomes was 55
(14.3%). Table 1 details the baseline demographic and biochemical characteristics which were compared according to the
PNI tertiles. It can be seen that the patients with higher PNI tertiles were younger, with higher BMI, eosinophils counts,
lymphocyte counts, platelet counts and hemoglobin levels than the patients with low and middle PNI tertiles (P < 0.05).
It was observed that the total protein, albumin, TC, TG, and LDL-c increased with increasing tertiles of the PNI, but

Table | Baseline Characteristics of the Cohort Study Population by Prognostic Nutritional Index Tertiles

Characteristics PNI Tertiles
Low Tertile Middle Tertile High Tertile P value
< 40.8, n=127) (40.8-46.0, n=129) | (>46.0, n=129)
Age, years 749 £92 747 £ 82 73.1 £85 0.168
Male, n (%) 11 (87.4) 114 (88.4) 113 (87.6) 0.969
BMI, kg/m? 20.0 £ 3.6 209 £ 43 21.1 £37 0.047
Smoking history, n (%) 0.342
Current-smoker 21 (16.7) 25 (19.4) 34 (26.4)
Previous smoker 85 (67.5) 84 (65.1) 73 (56.6)
Non-smoker 20 (15.9) 20 (15.5) 22 (17.1)
Drinking, n (%) 12 (9.7) 6 (4.7) 14 (10.9) 0.163
SBP, mmHg 1348 + 19.8 134.1 £20.3 1359 + 20.1 0.757
DBP, mmHg 788119 779 £ 126 773 £ 125 0.588
Comorbidities, n (%)
Coronary artery disease 20 (15.8) 23 (17.8) 23 (17.8) 0.878
Congestive heart failure 4 (3.2 6 (4.7) 5@3.9) 0.825
Arrhythmia 2 (1.6) 9 (7.0 7 (54) 0.109
Chronic kidney disease 4 (3.2) 3 (23) 3(23) 0.892
Diabetes 14 (11.0) 19 (14.7) 13 (10.1) 0.477
Hypertension 54 (42.5) 63 (48.8) 58 (45.0) 0.592
aCcCl 4.0 (3.04.0) 4.0 (3.0-5.0) 4.0 (3.04.0) 0.470
(Continued)
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Table | (Continued).

Characteristics PNI Tertiles
Low Tertile Middle Tertile High Tertile P value
< 40.8, n=127) (40.8-46.0, n=129) (>46.0, n=129)

Biochemistry
Leukocytes, x10°/L 8737 88+ 42 102 + 4.1 0.002
Lymphocytes, x 10%/L 0.8+ 04 1.2 £05 1.8+£07 <0.001
Neutrophils, x10%/L 7.1 £37 6.7 £ 4.1 74142 0.301
Monocytes, x10°/L 0.6 + 04 07+ 1.1 0803 <0.001
Eosinophils, x10°/L 0.0 (0.0-0.1) 0.1 (0.0-0.2) 0.2 (0.1-0.3) <0.001
Platelet, x10°/L 2152 £ 90.7 2304 £ 102.9 246.3 £ 885 0.032
Red blood cell, x10'%/L 4408 45+08 48+ 0.7 <0.001
Hemoglobin, g/L 126.7 + 22.7 130.7 + 20.1 1394+ 173 <0.001
NT-proBNP, pg/mL 495.1 (138.9-2151.5) | 240.1 (93.6-1218.0) | 102.1 (51.7432.2) <0.001
D-dimer, mg/L 1.0 (0.5-2.2) 0.6 (0.3-1.4) 0.5 (0.3-1.0) 0.014
Fibrinogen, g/L 42+ 1.6 4114 3912 0.29
Cr, umol/L 86.1 + 48.0 85.0 £ 36.3 86.0 = 31.7 0.97
BUN, mmol/L 7845 69 %32 6.7 2.6 0.046
TP g/L 61.8 6.5 672 + 64 712 £ 65 <0.001
Albumin, g/L 32527 373 +£24 409 + 32 <0.001
Serum sodium, mmol/L 1369 £5.3 1372 £ 5.0 137.7 + 4.4 0.435
Serum potassium, mmol/L 4.1 £ 0.6 4.1 £0.5 42+ 06 0.098
Serum calcium, mmol/L 2.1 (2.0-2.2) 22 (2.11-23) 23 (22-23) <0.001
TC, mmol/L 4312 46+ 12 49+ 1.1 0.014
TG, mmol/L 0905 1.0 £ 0.4 1.0 £05 0.535
HDL-c, mmol/L 1.2 +03 1.3+£03 1.3+£03 0.137
LDL-c, mmol/L 27+08 28+09 30+08 0.021
CRP, mg/L 28.6 (8.0-72.4) 9.0 (2.6-28.5) 4.4 (2.0-19.6) 0.006
PCT, ng/mL 0.1 (0.1-0.2) 0.1 (0.0-0.1) 0.1 (0.0-0.1) <0.001
LDH, IU/L 2375 % 1393 2243 £ 84.2 2129 £ 68.0 0.196
pH 74 £ 0.1 74 0.1 74 0.1 0.927
PaO,, mmHg 825 %378 81.2 £266 85.1 + 288 0.684
‘PaCO,, mmHg 60.5 £ 19.5 553 £ 196 50.1 £ 184 0.001

Length of stay, days 11.6 £ 13.0 93 5.1 9.1 £ 6.1 0.039

Required NIMV, n (%) 39 (30.7) 25 (19.4) 13 (10.1) <0.001

Worse outcome, n (%) 30 (23.6) 17 (13.2) 8 (6.2) <0.001
Invasive ventilation 13 (10.2) 10 (7.7) 6 (4.6) 0.237
ICU admission 26 (20.5) 15 (11.6) 5@3.9) <0.001
Mortality 10 (7.9) | (0.8) 3(23) 0.006

Notes: Normally distributed data are presented as the mean * SD, non-normally distributed data are presented as median (IQR) and
categorical variables are presented as n (%). BMI, was available for 312 subjects (89 with low tertile, 109 with middle tertile and |14 with
high tertilel); "TC was available for 247 subjects (78 with low tertile, 83 with middle tertile and 86 with high tertilel); °P,CO, was available
for 281 subjects (93 with low tertile, 95 with middle tertile and 93 with high tertilel).

Abbreviations: PNI, prognostic nutritional index; SBP, systolic blood pressure; DBP, Diastole blood pressure; BMI, body mass index; aCCl,
age-adjusted Charlson Comorbidity Index; NT-proBNP, N-terminal probrain natriuretic peptide; Cr, creatinine; BUN, blood urea nitrogen;
TP, total protein; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein
cholesterol; PCT, procalcitonin; CRP, C-reactive protein; LDH, lactic dehydrogenase; NIMYV, noninvasive mechanical ventilation; PaO,, partial
pressure of oxygen in arterial blood; PaCO,, partial pressure of carbon dioxide in arterial blood; ICU, intensive care unit.

levels of BUN, PaCO,, PCT, CRP, LDH and NT-proBNP decreased. However, there were no significant differences
observed in PNI tertiles groups in regard to aCCI, HDL-c and Cr. Moreover, individuals in the low and middle tertiles
were more likely to have underlying comorbidities, including coronary artery disease, congestive heart failure, chronic
kidney disease, diabetes and hypertension. The incidence of poor hospitalization outcomes significantly increased across
the PNI tertiles (23.6% versus 13.2% versus 6.2% for Tertile 1 versus Tertile 2 versus Tertile 3, respectively). The results
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of the univariate logistic regression models for the baseline variables and adverse hospitalization outcomes are shown in
Table 2. The univariate analysis indicated that DBP, coronary artery disease, lymphocytes, eosinophils, red blood cells,
hemoglobin, albumin, serum calcium, TC, pH, and PNI were negatively correlated with poor hospitalization outcomes.
However, platelets, D-dimer, BUN, serum potassium, length of stay, required NIMV, and PaCO, values were positively

correlated with the risks of adverse hospitalization outcomes.

Table 2 Univariate Analysis for Adverse Hospitalization Outcomes

Statistics OR (95% CI) P value
Age, years 742 £ 87 1.01 (0.98, 1.04) 0.5568
Sex 0.3119
Female 47 (12.2) Ref
Male 338 (87.8) 0.67 (0.30, 1.47)
BMI, kg/m? 20.7 £ 3.9 0.98 (0.88, 1.10) 0.7566
Smoking history, n (%)
Current-smoker 80 (20.8) Ref
Previous smoker 242 (63.0) 1.47 (0.68, 3.19) 0.3304
Non-smoker 62 (16.2) 1.17 (0.42, 3.23) 0.7636
Drinking, n (%) 0.208
No 352 (91.7) Ref
Yes 32 (83) 1.77 (0.73, 4.33)
SBP, mmHg 134.9 + 20.0 1.00 (0.99, 1.01) 0.9477
DBP, mmHg 78.0 + 123 0.97 (0.95, 0.99) 0.0151
Hypertension, n (%) 0.7699
No 210 (54.6) Ref
Yes 175 (45.5) 0.92 (0.52, 1.63)
Diabetes, n (%) 0.2786
No 339 (88.1) Ref
Yes 46 (11.9) 1.55 (0.70, 3.42)
Coronary artery disease, n (%) 0.0444
No 319 (82.9) Ref
Yes 66 (17.1) 0.34 (0.12, 0.97)
Arrhythmia, n (%) 0.6944
No 367 (95.3) Ref
Yes 18 (4.7) 0.74 (0.17, 3.31)
Congestive heart failure, n (%) 0.5217
No 370 (96.1) Ref
Yes 15 (3.9) 1.53 (0.42, 5.60)
Chronic kidney disease, n (%) 0.6033
No 375 (97.4) Ref
Yes 10 (2.6) 1.52 (0.31, 7.35)
aCCl 40 1.0 1.13 (0.85, 1.50) 0.4011
Leukocytes, x10°/L 92 % 4.1 1.04 (0.97, 1.11) 0.2888
Lymphocytes, x10°/L 1.3+£0.7 0.43 (0.25, 0.73) 0.0018
Neutrophils, x 10%/L 7.0 + 40 1.06 (1.00, 1.13) 0.0666
Monocytes, x10°/L 0.7 £0.7 0.69 (0.29, 1.66) 0.4069
Eosinophils, x10°/L 02+0.2 0.12 (0.01, 0.94) 0.0441
Platelet, x10°/L 230.7 + 94.9 1.00 (0.99, 1.00) 0.0336
Red blood cell, x10'%/L 45+08 0.62 (0.42, 0.90) 0.0131
Hemoglobin, g/L 1322 £ 20.8 0.98 (0.97, 0.99) 0.0029
NT-proBNP, pg/mL 1400.5 + 3762.8 1.00 (1.00, 1.00) 0.1177
D-dimer, mg/L 1.6 £ 3.6 1.09 (1.02, 1.17) 0.0124
Fibrinogen, g/L 4.1 %15 0.85 (0.68, 1.06) 0.1427
(Continued)
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Table 2 (Continued).

Statistics OR (95% CI) P value
Cr, umol/L 85.7 + 39.1 1.00 (0.99, 1.01) 0.7112
BUN, mmol/L 7.1 £35 1.15 (1.08, 1.23) <0.0001
TP g/L 668 £ 75 0.99 (0.95, 1.03) 0.675
Albumin, g/L 369 £ 44 0.91 (0.85, 0.97) 0.006
Serum sodium, mmol/L 137.3 £ 49 1.03 (0.97, 1.10) 0.278
Serum potassium, mmol/L 42 + 0.6 2.40 (1.48, 3.89) 0.0004
Serum calcium, mmol/L 23+28 0.03 (0.00, 0.26) 0.0021
TC, mmol/L 46+ 12 0.66 (0.47, 0.93) 0.0169
TG, mmol/L 1.0+0.5 1.01 (0.47, 2.18) 0.9737
HDL-c, mmol/L 1.2+03 0.77 (0.24, 2.41) 0.6473
LDL-c, mmol/L 28+08 0.63 (0.39, 1.02) 0.0619
CRP, mg/L 38.0 £ 59.6 1.00 (1.00, 1.01) 0.5021
PCT, ng/mL 02+08 0.97 (0.66, 1.42) 0.8765
LDH, IU/L 2247 £ 101.3 1.00 (1.00, 1.00) 0.537
pH 74 £ 0.1 0.00 (0.00, 0.00) <0.0001
PaO,, mmHg 829 + 313 1.00 (0.98, 1.01) 0.4053
PaCO,, mmHg 553 % 19.6 1.05 (1.04, 1.07) <0.0001
Length of stay, days 10.0 + 88 1.15 (1.10, 1.21) <0.0001
Required NIMV, n (%) <0.0001

No 308 (80.0) Ref
Yes 77 (20.0) 7.23 (391, 13.35)

PNI 434 + 6.1 0.91 (0.87, 0.96) 0.0003

Abbreviations: SBP, systolic blood pressure; DBP, Diastole blood pressure; BMI, body mass index; aCCl, age-
adjusted Charlson Comorbidity Index; NT-proBNP, N-terminal probrain natriuretic peptide; Cr, creatinine; BUN,
blood urea nitrogen; TP, total protein; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein
cholesterol; LDL-c, low-density lipoprotein cholesterol; PCT, procalcitonin; CRP, C-reactive protein; LDH, lactic
dehydrogenase; NIMV, noninvasive mechanical ventilation; PaO,, partial pressure of oxygen in arterial blood;
PaCO,, partial pressure of carbon dioxide in arterial blood; PNI, prognostic nutritional index.

Association Between the PNI and Adverse Hospitalization Outcomes

The results of multivariable logistic regression models examining the independent effects of PNI on adverse hospitaliza-

tion outcomes are presented in Table 3. According to the crude model, the odds ratios of adverse hospitalization

outcomes significantly decreased as the PNI increased and the tertiles of the PNI upgraded. There was a 9% decrease

Table 3 Unadjusted and Adjusted Logistic Regression Models of PNI and Adverse Hospitalization Outcomes

Adverse Hospitalization Outcomes | Crude Model | P value Model | P value Model 2 P value
OR (95% CI) OR (95% CI) OR (95% CI)
PNI 0.91 (0.89, 0.93) | <0.0001 | 0.90 (0.88, 0.92) | <0.0001 | 0.94 (0.91, 0.97) | <0.0001
PNI
Low tertile 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Middle tertile 0.49 (0.26, 0.94) 0.033 0.47 (0.24,091) | 0.0253 | 0.76 (0.31, 1.88) | 0.5511
High tertile 0.21 (0.09, 0.49) | 0.0002 | 0.20 (0.09, 0.47) | 0.0002 | 0.37 (0.10, 1.34) | 0.1292
P for trend <0.0001 <0.0001 0.002

Notes: Model | adjusted for sex, age, BMI and smoking status; Model 2 further adjusted for comorbidities (including diabetes, hypertension, arrhythmia,
congestive heart failure, chronic kidney disease and coronary artery disease), leukocytes, platelets, eosinophils, hemoglobin, blood urea nitrogen, serum
sodium, serum potassium, serum calcium, total cholesterol, NT-proBNP, pH, PaCO,, and required NIMV. Among the patients, 72 were missing BMI, accounting
for approximately 18.9% of the total patients; 134 patients were missing TC, accounting for approximately 35.0% of the total patients. Multiple imputation was
used for the models with BMI and TC, and the results are presented after multiple imputation.
Abbreviations: PNI, prognostic nutritional index; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; BMI, body mass index; NT-
proBNP, N-terminal probrain natriuretic peptide; NIMV, noninvasive mechanical ventilation; PaCO,, partial pressure of carbon dioxide in arterial blood; OR,

odd ratios; Cl, confidence intervals.
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in the risks of incidence of adverse outcomes per single unit increase in the PNI (OR = 0.91; 95% CI: 0.89-0.93;
P<0.0001). The OR for Tertile 3 was significantly lower than the OR for Tertile 1 (OR = 0.21; 95% CI: 0.09-0.49;
P=0.0002). After accounting for sex, age, BMI, and smoking status in Model 1, PNI remained independently related to
poor hospitalization outcomes, the middle tertile (OR = 0.47; 95% CI: 0.24—0.91; P=0.0253) and high tertile (OR = 0.20;
95% CI: 0.09-0.47; P=0.0002). With further adjustments for comorbidities, WBC, PLT, Eos, Hb, BUN, TC, NT-proBNP,
pH, PaCO,, serum sodium, serum potassium, serum calcium and required NIMV, the risks of adverse hospitalization
outcomes were significantly reduced by 6% (OR = 0.94; 95% CI: 0.91-0.97; P < 0.0001) with each 1 unit increase in the
PNI. Meanwhile, compared to the lowest PNI tertile, the risks of adverse hospitalization outcomes in the middle and
highest PNI tertiles were reduced by 24% (OR = 0.76, 95% CI: 0.31-1.88) and 63% (OR = 0.37, 95% CI: 0.10-1.34),
respectively. In addition, considering that COPD often coexists with other diseases that may have a significant impact on
disease course, we further adjusted the aCCI based on the variables adjusted in model 1 and model 2, and the results were
robust (Table S1).

Non-Linearity Relationship of the PNI and Adverse Hospitalization Outcomes

The dose-response relationship between the PNI and the adverse hospitalization outcomes is presented in Figure 2.
A nonlinear relationship (adjusted for age, sex, BMI, smoking status, comorbidities, leukocytes, PLT, Eos, Hb, BUN, TC,
NT-proBNP, pH, PaCO,, serum sodium, serum potassium, serum calcium and required NIMV) was observed between the
PNI and the adverse hospitalization outcomes. The incidence of poor hospitalization outcomes decreased with increases
in the PNI when the PNI was less than a certain threshold. Further, two- piecewise linear regression and linear regression
models were used to fit the associations between the PNI and the adverse outcomes, respectively (Table 4). The P value
less than 0.001 for the log-likelihood ratio test indicated that the two-side linear regression was more appropriate for
fitting the association between them. The inflection point was 42. Effect size, 95% CI and P value for the left side of the
inflection point (PNI < 42) were 0.87, 0.82 to 0.92 and P < 0.0001, respectively. The results showed that when the PNI
were less than 42, each unit increase in the PNI was associated with a 13% decrease in the incidence of adverse
outcomes. However, the relationship was not observed on the right side of the inflection point (PNI > 42) (OR = 1.05,
95% CI: 0.99—1.11, P =0.0799). Although it was opposite to the reduced risks of adverse hospitalization outcomes on the
left side of the inflection point, it lacked a statistically significant association. It appeared that a threshold effect existed

0.8
|

Adverse Hospitalization Outcome

Figure 2 The relationship between PNI and adverse hospitalization outcomes. A nonlinear relationship was observed between the PNI and the adverse hospitalization
outcomes after adjusting for sex, age, BMI, smoking status, comorbidities (including hypertension, diabetes, arrhythmia, congestive heart failure, chronic kidney disease and
coronary artery disease), leukocytes, PLT, Eos, Hb, BUN, TC, NT-proBNP, pH, PaCO,, serum potassium, serum calcium, serum sodium, and required NIMV. The solid black
line in the figure represents the best-fit line, and the black dotted lines are 95% confidence intervals.

Abbreviations: PNI, prognostic nutritional index; BMI, body mass index; PLT, platelet; Eos, eosinophils; Hb, hemoglobin; BUN, blood urea nitrogen; TC, total cholesterol;
NT-proBNP, N-terminal probrain natriuretic peptide; PaCO,, partial pressure of carbon dioxide in arterial blood; NIMV, noninvasive mechanical ventilation.
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Table 4 The Results of the Two-Piecewise Linear Regression Model

OR 95% CI P value
Fitting model by standard linear regression 0.96 0.92 to 0.99 0.0108
Fitting model by two-piecewise linear regression
The inflection point of PNI
<42 0.87 0.82 to 0.92 <0.0001
242 1.05 0.99 to I.11 0.0799
P for the log-likelihood ratio test <0.001

Effect: Adverse hospitalization outcomes Cause: Prognostic nutritional index; Adjusted: Sex, age, BMI, smoking status,
comorbidities (including hypertension, diabetes, arrhythmia, congestive heart failure, chronic kidney disease and
coronary artery disease), leukocytes, platelets, eosinophils, hemoglobin, blood urea nitrogen, serum sodium, serum
potassium, serum calcium, total cholesterol, NT-proBNP, pH, PaCO,, and required NIMV.

Abbreviations: PNI, prognostic nutritional index; BMI, body mass index; NT-proBNP, N-terminal probrain natriuretic
peptide; NIMV, noninvasive mechanical ventilation; PaCO,, partial pressure of carbon dioxide in arterial blood; OR, odd

ratios; Cl, confidence intervals.

for the independent association between the PNI and the adverse outcomes during hospitalization. In the two-piecewise

linear regression model and GAM model, we further adjusted the aCCI based on the original model, and the results were

still robust (Table S2 and Figure S1).

Subgroup Analysis

We performed subgroup analysis to identify the consistency of association between the PNI and the adverse hospitalization

outcomes in patients with AECOPD, considering the influence of age (< 75 versus > 75 years), sex (female versus male),

BMI (< 20.56 versus > 20.56kg/m?), smoking history (current-smoker versus previous smoker versus non-smoker),
diabetes (yes versus no), required NIMV (yes versus no), TC (< 4.6 versus > 4.6mmol/L), Hb (<135 versus > 135g/L), and
PaCO, (<45 versus > 45mmHg) on the prognosis of AECOPD (Table 5). In the stratified analysis, the associations between

those factors were similar for all strata (P > 0.05).

Table 5 Subgroup Analyses of the Association Between PNI and Adverse Hospitalization

Outcomes of AECOPD Patients

Subgroup Participants (n) | OR (95% CI) P value P for Interaction
Age, years 0.48
<75 184 0.96 (0.87, 1.07) 0.508
275 193 1.01 (0.91, 1.13) 0.8144
Sex 0.29
Female 47 0.97 (0.88, 1.06) 0.5001
Male 338 1.06 (0.90, 1.26) 0.4649
BMI, kg/m? 0.57
<2056 156 0.88 (0.72, 1.08) 0.2131
= 20.56 156 0.96 (0.72, 1.27) 0.7711
Smoking history 0.17
Current-smoker 80 0.83 (0.67, 1.03) 0.0962
Previous smoker 242 1.01 (0.92, 1.12) 0.7987
Non-smoker 62 1.03 (0.86, 1.23) 0.7476
Required NIMV 0.93
No 308 0.99 (0.90, 1.09) 0.8434
Yes 77 0.98 (0.86, 1.13) 0.8053
TC, mmol/L 0.37
<46 120 1.07 (0.83, 1.38) 0.6143
=46 127 1.24 (0.95, 1.62) 0.1089
(Continued)
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Table 5 (Continued).

Subgroup Participants (n) | OR (95% CI) P value P for Interaction
Hemoglobin, g/L 0.45

<135 190 0.96 (0.86, 1.06) 0.3992

2 |35 195 1.01 (0.89, 1.14) 0.8572
P,CO,, mmHg 0.99

<45 101 0.99 (0.90, 1.08) 0.7831

> 45 180 0.99 (0.81, 1.21) 0.9023

Notes: Model was adjusted for white blood cell count, platelet count, eosinophils, hemoglobin, blood urea nitrogen,
serum sodium, serum potassium, serum calcium, total cholesterol, NT-proBNP, pH, PaCO,, and required NIMV. All
covariates were adjusted for with the exception of the stratification variable.

Abbreviations: PNI, prognostic nutritional index; AECOPD, acute exacerbation of chronic obstructive pulmonary
disease; BMI, body mass index; NT-proBNP, N-terminal probrain natriuretic peptide; NIMV, noninvasive mechanical
ventilation; PaCO,, partial pressure of carbon dioxide in arterial blood; OR, odd ratios; Cl, confidence intervals.

Discussion

The present study demonstrated that, based on PNI, nutrition status was independently associated with adverse
hospitalization outcomes in patients with AECOPD. After adjusting for potential confounders, it was found that
a positive correlation existed between the PNIs and the adverse hospitalization outcomes of the AECOPD patients.
The same trend was observed when the PNI was treated as a categorical variable. Our analysis revealed non-linearity
relationship between PNI and adverse hospitalization outcomes. On the left side of the inflection point, the PNI was
inversely associated with adverse clinical outcomes. Therefore, according to this study’s findings, patients with AECOPD
should be given nutritional assessments upon admission to hospital.

Albumin levels in serum reflect visceral protein storage, and depletion of albumin may be a sign of severe malnutrition.
Research has shown that hypoalbuminemia may be caused by poor nutrition and absorption, aging, comorbid conditions, and
proinflammatory cytokines that inhibit albumin production.’® Each of those factors have an accumulative impacts on
hypoalbuminemia risks®' and may coexist in patients with COPD. Malnutrition exacerbates the effects of airflow obstruction,
since inefficient ventilation increases the amount of energy required each day.’* The onset of malnutrition and weight loss in
patients with COPD result in poor prognoses as the disease progresses. Lin et al analyzed 692 patients with AECOPD and
observed that hypoproteinemia was a significant risk factor for early hospital readmission of COPD patients.** The results
revealed that hypoproteinemia more than doubled the risks of COPD early readmission (OR = 2.018, 95% CI: 1.031-3.947,
p = 0.04). In addition, several studies have also demonstrated that COPD patients with hypoalbuminemia have higher
mortality rates.'®* Based on a meta-analysis, there was a significant difference between serum albumin concentrations in
COPD and non-COPD patients.* Lymphocytes participate in immune surveillance and immunoediting processes. Therefore,
decreases in lymphocyte functions and counts are indications of impaired immune defense.®> Malnutrition is most commonly
defined as a serum albumin level less than 3.5 g/dL or a total lymphocyte count of less than 1500 cells (per mm?).*
Prognostic nutritional index is calculated from total lymphocyte counts and serum albumin concentrations and could
potentially indicate both chronic inflammation and malabsorption in AECOPD patients.

To the best of our knowledge, no previous studies have investigated the relationship between PNI and adverse
hospitalization outcomes in AECOPD patients. In the present single-center retrospective study, we found that patients in
the low tertile group had significantly lower BMI, leukocytes and lymphocytes counts, hemoglobin and serum albumin
levels. In addition, the low tertile group also had significantly higher incidence of adverse outcomes and longer stays in
hospital. Moreover, we found that after adjustment for potential confounders, the risks of adverse hospitalization
outcomes was significantly reduced by 6% (OR = 0.94; 95% CI: 0.91-0.97; P < 0.0001) with each single unit increase
in the PNI. Meanwhile, compared to the lowest PNI tertile, the risks of adverse hospitalization outcomes in the middle
and highest PNI tertiles were reduced by 24% (OR = 0.76, 95% CI: 0.31-1.88) and 63% (OR = 0.37, 95% CI: 0.10—
1.34), respectively. The results suggested that AECOPD patients with a lower PNI presented higher risks of adverse
hospital outcomes. The results of subgroup analysis indicated that a stable relationship existed between the PNI and the
adverse hospitalization outcomes, and no significant interaction effects were observed among the different subgroups.
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Malnutrition is a common occurrence in COPD patients, resulting in poorer prognoses. However, despite its
importance, malnutrition is often underappreciated in the treatments of patients with COPD. Ferreira et al revealed
that nutrient supplementation resulted significant improvements in 6-minute walk test performances, respiratory muscle
strength, and the health status of COPD patients with malnutrition.” Therefore, based on the high correlation between
nutrition and adverse hospitalization outcomes, this study suggested that AECOPD patients should undergo nutritional
assessments and nutritional intervention at the time of hospital admission.

COPD is also often coexists with other diseases that may have a significant impact on disease course. In 1987, Charles
et al proposed to use the comorbidity status of patients to predict and assess the risk of death in hospitalized patients, thus
establishing the Charlson Comorbidity Index (CCI).>* The age-adjusted Charlson Comorbidity Index (aCCI), corrects the
final CCI score for the age of the patient. Previous studies showed that severe AECOPD is associated with a higher
prevalence of comorbidities and increased hospital readmission rate.*® In analysis of 1.6 million COPD discharges, Buhr et al
found that readmission odds increased by 9% for each half standard deviation increase of CCI scores.>” However, we did not
observe the association between aCCI and adverse hospitalization outcomes in our study. Moreover, In both unadjusted and
adjusted analyses, aCCI seemed to have little effect on our core results (Additional file 2). We speculate that this is the result
of the following possible causes. First, our sample size is still relatively small. Second, we excluded patients with tumors,
myocardial infarction, leukemia, lymphoma, and autoimmune connective tissue diseases, which may affect the observation
of the association between aCCI and adverse hospitalization outcomes in AECOPD patients. Therefore, a prospective cohort
study with a large sample size is needed in the future to provide more reliable findings.

There are several strengths of our study. Firstly, since the PNI could be quickly calculated based on routine tests at the
time of admission, clinicians may be able to identify high risk patients with AECOPD in the early stages. As a result,
treatments could be modified accordingly to reduce the poor hospitalization outcomes. Secondly, this was a retrospective
observational study, which was susceptible to potential confounding factors. In order to reduce residual confounding, we
used strict statistical adjustment methods. In addition, we tested the robustness of the results by performing subgroup
analysis in different subgroups.

However, there are also several disadvantages from the present study. Firstly, since this observational study was
a retrospective design from a single medical center, the results may not be generalizable to other centers. Secondly, we
excluded patients with various tumors and patients with acute myocardial infarction, leukemia, lymphoma, connective
tissue disease and so on. Therefore, the findings could not be extrapolated to those patients. Finally, the data of the BMI
and TC covariates were missing in 18.9% and 35% of the patients, respectively. However, multiple imputations were
used to address the problem of missing data, and the results were still robust.

Conclusion

In conclusion, the PNI on admission to hospital was closely related to adverse hospitalization outcomes in AECOPD
patients, showing a nonlinear relationship, and when the PNI was less than 42, the adverse hospitalization outcomes were
negatively correlated with the PNI levels.
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COPD, chronic obstructive pulmonary disease; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; PNI,
prognostic nutritional index; BMI, body mass index; DBP, diastole blood pressure; SBP, systolic blood pressure; NT-proBNP,
N-terminal probrain natriuretic peptide; aCCl, age-adjusted Charlson Comorbidity Index; Cr, creatinine; BUN, blood urea
nitrogen; TP, total protein; TG, triglyceride; TC, total cholesterol; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-
density lipoprotein cholesterol; Eos, eosinophils; PLT, platelet; Lym, lymphocyte; Hb, hemoglobin; CRP, C-reactive protein;
PCT, procalcitonin; LDH, lactic dehydrogenase; PaCO,, partial pressure of carbon dioxide in arterial blood; PaO,, partial
pressure of oxygen in arterial blood; ICU, intensive care unit; NIMV, noninvasive mechanical ventilation; Mls, multiple
imputations; OR, odd ratios; CI, confidence intervals.
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