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Acute exacerbation of chronic obstructive pulmonary disease (AECOPD) is significantly associated with increased
mortality. The current study aimed to investigate the predictive ability of the prognostic nutritional index (PNI)
in 30-day mortality among AECOPD patients admitted to the ICU.

Clinical data were extracted from the Medical Information Mart for Intensive Care-Ill (MIMIC-IIl) database.
Patients were divided into 3 groups according to the tertiles of PNI. Cox proportional hazard regressions were
performed to assess the association between PNI and 30-day mortality. Subgroup analyses were performed
to identify the consistency of the association. Receiver operator characteristic (ROC) curve analysis was per-
formed to evaluate the predictive accuracy among PNI, serum albumin, neutrophil-to-lymphocyte (NLR), and
platelet-to-lymphocyte ratio (PLR).

A total of 494 AECOPD patients were included in this study. The mean age was 70.8+10.4 years old. Kaplan-
Meier analysis showed ongoing divergence in rates of mortality among tertiles (p<0.001). After adjusting for
confounders, high PNI tertile was an independent favorable predictor of 30-day mortality (HR=0.39; 95% Cl,
0.19-0.80; p=0.011) compared to low tertile reference. Subgroup analysis showed that the predictive ability of
PNI was especially suitable for patients aged >70 years and with mechanical ventilation. The cut-off value of
PNI was 31.8 with sensitivity 62.3% and specificity 64.1%. The area under the ROC of PNI (0.642, 95% Cl, 0.560
to 0.717) was better than that of serum albumin, NLR, and PLR.

PNI could serve as a simple and reliable prognostic biomarker for AECOPD patients in the ICU.

Medical Informatics ¢ Nutrition Assessment ¢ Pulmonary Disease, Chronic Obstructive

AECOPD - acute exacerbation of chronic obstructive pulmonary disease; AST — aspartate transami-
nase; BUN - blood urea nitrogen; Cl — confidence interval; CKD — chronic renal disease; DM — diabe-

tes mellitus; HR — hazard ratio; IQR — interquartile range; MAP — mean atrial pressure; MIMIC — Medical
Information Mart for Intensive Care; MV — mechanical ventilation; NLR — neutrophil-to-lymphocyte;
PCO2 - partial pressure of carbon dioxide; PLR — platelet-to-lymphocyte ratio; PNI - prognostic nutri-
tional index; PO2 — partial pressure of oxygen; ROC - receiver operator characteristic; Scr — serum cre-
atinine; WBC — white blood cell; RRT - renal replacement therapy; SAPSII — Simplified Acute Physiology
Score Il; SD — standard deviation; SOFA — Sequential Organ Failure Assessment
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Background

Chronic obstructive pulmonary disease (COPD) is a common
chronic airway inflammation featuring persistent respirato-
ry symptoms and airflow limitation [1]. It is a global epidem-
ic respiratory disease and affects millions of people world-
wide, estimated to become one of the major causes of death
by 2040 [2]. Acute exacerbation of COPD (AECOPD) is signif-
icantly associated with poor outcome of patients with COPD.
When AECOPD occurs, it is necessary to transfer the patient
to the Intensive Care Unit (ICU) due to its high mortality [3].
Malnutrition is also common among patients with COPD, oc-
curring in 10-45% of such patients [4]. Malnutrition signifi-
cantly increases the risk of exacerbation, length of hospital
stay, and costs [5]. In terms of the severity of AECOPD, early
risk evaluation is critical, so it is important to find a biomark-
er that can reflect both the inflammation and nutritional sta-
tus of the patients.

The prognostic nutritional index (PNI), a new prognostic score,
is calculated by serum albumin concentration and peripheral
total lymphocyte count. PNI was initially developed to evalu-
ate preoperative nutritional conditions and surgical complica-
tions in patients with gastrointestinal cancers [6]. Recently, it
has been described as an accurate and independent prognos-
tic predictor in human cancers [7-10], chronic kidney and heart
disease [11,12], and autoimmune disease [13,14].

However, to the best of our knowledge, no study has evaluat-
ed the predictive value of PNI in AECOPD patients. The aim of
this study was to investigate the relationship between PNI and
the prognosis of AECOPD patients in the ICU from the Medical
Information Mart for Intensive Care-Ill (MIMIC-III) database and
to make comparisons with serum albumin alone, neutrophil-to-
lymphocyte (NLR) ratio, and platelet-to-lymphocyte (PLR) ratio.

Material and Methods

Data Source

We extracted the data of this retrospective study from the
MIMIC-III version 1.4 (MIMIC-IIl v1.4) database. MIMIC-II is
a large, open, and public database, containing more than 50
000 patients admitted to the ICU at Beth Israel Deaconess
Medical Center from 2001 to 2012 [15]. Before getting access
to the database, the “Protecting Human Research Participants”
course of the National Institutes of Health must be completed.
The establishment and use of this database were approved
by the Institutional Review Boards of the Massachusetts
Institute of Technology and Beth Israel Deaconess Medical
Center. No informed consent was required since all the data
were de-identified.
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Study Population and Data Extraction

Patients with the diagnosis of AECOPD were selected from the
database. The definition of AECOPD was determined using the
AECOPD ICD-9-CM code 491.21. For patients with multiple hos-
pitalizations, only the first hospitalization was enrolled. The
exclusion criteria included: age<18 years, length of ICU stay
<48 h, or missing data >10%.

Data were extracted from the MIMIC-IIl database through
Structured Query Language [16]. Only the initial baseline char-
acteristics and laboratory results after admission to ICU were
used in analysis. The following variables were collected: age,
sex, length of ICU and hospital stay, white blood cell (WBC)
count, neutrophil count, lymphocyte count, platelet count, he-
moglobin, serum albumin, alanine transaminase (ALT), aspar-
tate transaminase (AST), pH, partial pressure of oxygen (PO,),
partial pressure of carbon dioxide (PCO,), bicarbonate, serum
sodium, serum potassium, serum calcium, serum creatinine
(Scr), and serum blood urea nitrogen (BUN). Vital signs con-
sisted of body temperature, mean atrial pressure (MAP), heart
rate, and respiratory rate. The comorbidities included hyper-
tension, diabetes mellitus (DM), coronary heart disease (CHD),
chronic renal disease (CKD), and malignancy. Clinical severity
scales, including Sequential Organ Failure Assessment (SOFA)
score and Simplified Acute Physiology Score Il (SAPS II), were
also extracted. For missing variables, predictive mean match-
ing was used to impute numeric features, and logistic regres-
sion was used for binary variables. PNI value was calculated
with the following equation: 10x serum albumin (g/dL)+0.005x
total lymphocyte count (mm?3) [6].

The primary outcome was all-cause 30-day mortality. Secondary
outcomes included length of ICU stay, length of hospital stay,
mechanical ventilation (MV) rate, and renal replacement ther-
apy (RRT) rate.

Statistical Analysis

Baseline characteristics of all patients were stratified by PNI
tertiles. Continuous variables are presented as meantstandard
deviation (SD) for normal distribution or medians and inter-
quartile range (IQR) for skewed distribution. Comparisons were
made by one-way ANOVA or Kruskal-Wallis H test, respective-
ly. Categorical data are expressed as frequency (percentage)
and were compared by chi-square test or Fisher’s exact test,
as appropriate. Comparisons of cumulative events rate were
conducted by log-rank test or Kaplan-Meier survival curve.
The Cox proportional hazards model was used to obtain the
hazard ratios (HRs) and it corresponding 95% confidence in-
tervals (Cls) between the tertiles of PNI and 30-day mortality.
We examined the proportional hazard assumption by testing
the statistical significance of interactions between follow-up
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883 patients primary screened

Figure 1. Study flow chart.

290 length of ICU stay <48 hours
99 missing data >10%

494 patients finally included

Low tertile (N=164)
PNI <30.2

Middle tertile (N=165)
PNI30.2-36.2

High tertile (N=165)
PNI >36.2

time and the tertiles of PNI, and found the assumption was
correct. The crude model was not adjusted for any variable.
Model 1 was adjusted for age and sex. Model 2 was adjusted
for age, sex, comorbidities (hypertension, DM, CAD, CKD, ma-
lignancy), laboratory tests (WBC, hemoglobin, platelet, albu-
min, ALT, Scr, pH, PO,, PCO,, bicarbonate, serum sodium, se-
rum potassium, NLR, PLR), vital signs (MAP), and severity scales
(SAPS Il and SOFA). Additionally, subgroup analyses were per-
formed to assess the possible modifications of the association
between PNI and endpoints. Accuracies of PNI, serum albumin,
NLR, and PLR in predicting 30-day mortality were evaluated by
receiver operator characteristic (ROC) curves, and the optimal
cut-off values were calculated by Youden index. All statistical
data were analyzed using SPSS software (v21.0; IBM, Armonk,
NY). A 2-tailed P<0.05 was considered statistically significant.

Results

Baseline Characteristics

According to the inclusion criteria, a total of 494 patients were
finally included in our study. The flow chart of data selection
is shown in Figure 1. The baseline characteristics of the study
population are shown in Table 1. The mean age of the popu-
lation was 70.8+10.4 years old. Among the included patients,
248 (50.2%) were male and 246 (49.8%) were female. There
were 164, 165, and 165 patients in low tertile group (PNI <30.2),
middle tertile group (PNI 30.2-36.2), and high tertile group (PNI
>36.2), respectively. Patients in the low tertile group tended
to have lower levels of lymphocyte count, hemoglobin, albu-
min, and MAP and had higher levels of neutrophil count, BUN,
SAPSII, NLR, and PLR.

Comparisons of Outcomes Among 3 Tertiles
Regarding clinical outcomes (Table 2), 30-day mortality was

significantly higher in the low tertile group (24.4%, p<0.001)
when compared with the other 2 groups. Durations of ICU stay

and hospital stay were also significantly longer in the low ter-
tile group (6.9 days, IQR, 3.9-13.8 and 12.6 days, IQR, 7.4-18.9;
both P<0.001). There were no significant differences in me-
chanical ventilation rate and RRT rate among the 3 groups.

Associations Between PNI and 30-Day Mortality

The 30-day Kaplan-Meier survival curves showed that patients
in the low tertile group had a significantly lower mean surviv-
al time (25.4, 95% Cl, 24.1-26.8; P<0.001) compared with pa-
tients in the middle tertile group (27.1, 95% Cl, 25.8-28.2) and
high tertile group (27.9, 95% Cl, 27.0-29.0) (Figure 2). The re-
sults of univariate and multivariate Cox proportional regres-
sion models assessing the relationship between PNI and 30-
day mortality are shown in Table 3. In the crude model, the
HRs of death significantly improved as the tertiles of PNI up-
graded. The HRs for the middle tertile (HR=0.54; 95% Cl, 0.32
to 0.92; P=0.023) and high tertile (HR=0.37; 95% Cl, 0.21 to
0.68; P<0.001) were significantly lower compared to low ter-
tile reference. After adjustment for age and sex in model 1,
the middle tertile (HR=0.50; 95% Cl, 0.29 to 0.85; P=0.011) and
high tertile (HR=0.41; 95% Cl, 0.23 to 0.75; P=0.004) still had
significant favorable results for 30-day mortality. Further ad-
justing for age, sex, comorbidities, laboratory tests, and sever-
ity scales in model 2 did not affect the relationship between
high tertile and 30-day mortality (HR=0.39; 95% Cl, 0.19 to
0.80; P=0.011).

Subgroup Analysis

Considering the influence of age, sex, mechanical ventilation,
and SAPSII on the prognosis of AECOPD, we performed sub-
group analysis to identify the consistency of association be-
tween PNI and 30-day mortality in AECOPD patients. Cox pro-
portional hazards models showed that the upgraded tertiles
of PNI were significantly associated with favorable outcome
on 30-day mortality in all the subgroups except in patients
aged <70 years and without mechanical ventilation (Figure 3).
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Table 1. Baseline and clinical characteristics of the study population.

Low tertile Middle tertile High tertile

Characteristics P value

(<30.2, n=164) (30.2-36.2, n=165) (»36.2, n=165)
Age, years (meanSD) 71.449.8 71.8+10.3 69.1+10.9 0.039
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Table 1 continued. Baseline and clinical characteristics of the study population.

Low tertile Middle tertile High tertile

Charactetlztlis (<30.2, n=164) (30.2-36.2, n=165) (>36.2, n=165) ae
CKD 28 (17.1%) 27 (16.4%) 28 (17.0%) 0.983
Malignancy 41 (25.0%) 47 (28.5%) 43 (26.1%) 0.764

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 (%). WBC — white blood cell; BUN — blood urea nitrogen; ALT — alanine transaminase;

AST — aspartate transaminase; MAP — mean atrial pressure; NLR — neutrophil-to-lymphocyte ratio; PLR — platelet-to-lymphocyte ratio;
DM - diabetes mellitus; CAD — coronary heart disease; CKD — chronic kidney disease; SAPSII — simplified acute physiology score Il;
SOFA - sequential organ failure assessment.

Table 2. Clinical outcomes between study cohorts.

Outcomes Low tertile Middle tertile High tertile
(<30.2, n=164) (30.2-36.2, n=165) (>36.2, n=165)
30-day mortality 40 (24.4%) 22 (13.3%) 15 (9.1%) <0.001
Hospitalmortality M esow) 2 3% 15 01%) w0oo1
Clengthof ICUstay days 69 39,138 50 30,86 40 29,72 w0oo1
Length of hospital stay, days - 126 7.4,189) 104 (62,150 85 (56,130 w0oo1
CMviate 12 gsew) 121 (733%) 115 (697) 0477
CRRTrate 3 8% 3 8% 2 12%) 0879

Values were expressed as median (IQR) or n (%). MV — mechanical ventilation; RRT — renal replacement therapy.

Figure 2. Kaplan-Meier curves of PNI for
Group - - -+ cumulative 30-day survival.
Low tertile Middle tertile High tertile
Z05 P<0.001
=
£
5050
3025
0.00
0 10 Time (days) 2 30
Number at risk
- | 164 145 129 124
g | s 150 144 143
()
- | 165 154 151 150
0 0 e (days) 20 30
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Table 3. Unadjusted and adjusted Cox proportional regression model of PNI and 30-day mortality.

Crude model

Model 1 Model 2

High tertile

0.37 (0.21, 0.68)

<0.001

0.41 (0.23, 0.75)

0.004 0.39 (0.19, 0.80) 0.011

Values were expressed as hazard ratios (95% confidence intervals). Model 1 was adjusted for age and sex. Model 2 was adjusted
for age, gender, hypertension, diabetes mellitus, coronary heart disease, chronic kidney disease, malignancy, white blood cell count,
hemoglobin, platelet count, albumin, alanine transaminase, serum creatinine, serum sodium, serum potassium, pH, PO,, PCO,,
bicarbonate, simplified acute physiology score I, and sequential organ failure assessment.

30 day mortality ~ No. of patients HR (95% ()
Age
>70 266 0.29(0.11,0.76) +——m—-1
<70 228 0.89(0.22,1.61) —_—
Gender
Male 248 0.55(0.33,0.89) —a—
Female 246 0.42(0.25,0.70) ——
SAPSII
>40 216 0.54(0.31,0.96) ——
<40 278 0.52(0.29,0.91) —
Mv
Yes 360 0.41(0.19,0.90) —.—
No 134 0.83(0.39,1.85) ——

Figure 3. Subgroup analysis of adjusted hazard
pvalue ratio (HR) per tertile increase of
prognostic nutritional index (PNI) for
0.012 30-day mortality (adjusted according
0.592 to model 2). SAPS Il — Simplified Acute
Physiology Score Il; MV — mechanical
0015 ventilation.
<0.001
0.035
0.021
0.026
0.556

ROC Curves of PNI, Serum Albumin, NLR, and PLR

ROC curves analysis was performed to assess the potential prog-
nostic values of PNI, serum albumin, NLR, and PLR in AECOPD
patients. The comparisons of accuracy were analyzed by area
under ROC (AUROC) curves. As shown in Figure 4, PNI had high-
er AUROC (0.642, 95% Cl, 0.560 to 0.717; P<0.001) in the pre-
diction of 30-day mortality when compared with serum albu-
min alone (0.633, 95% Cl, 0.564, 0.702; P<0.001), NLR (0.618,
95% Cl, 0.549 to 0.688; P<0.001) and PLR (0.582, 95% Cl, 0.512
t0 0.652; P=0.022). The optimal cut-off value for PNl was 31.8
with sensitivity 62.3% and specificity 64.1%.

Discussion

AECOPD is associated with worsening chronic inflammation,
worsening respiratory function, and increased risk of death [17].
In addition to inflammation, malnutrition is also common in
patients with COPD and often results in worse outcomes for
these patients. Despite its importance, malnutrition is usually
overlooked during the management of COPD patients. PNI has

become a promising prognostic biomarker to reflect both in-
flammation and nutritional status. As far as we are aware, no
study has investigated the association between PNI and dis-
ease prognosis in AECOPD. In the present single-center retro-
spective study, we found that patients in the low tertile group
were older and had significantly higher NLR, PLR, and SAPSII
score. In addition, the low tertile group also had significant-
ly higher 30-day mortality and longer ICU and hospital stays.
Moreover, PNI was an independent predictor for 30-day mor-
tality after univariate and multivariate Cox proportional re-
gression analysis. With the tertiles of PNI upgraded, the HRs
of death significantly improved. Low PNI value is due to hy-
poalbuminemia or lymphocytopenia.

Firstly, several studies have shown that hypoalbuminemia was as-
sociated with increased mortality in patients with COPD [18-20].
Albumin is synthesized by the liver and its levels decline with
inadequate nutritional intake; therefore, it is one of the tests
used for assessment of malnutrition in patients with COPD.
Malnutrition often leads to treatment failure and can be asso-
ciated with a poor prognosis [21]. Besides, serum albumin level
has been considered as part of the acute-phase protein response
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A 1.0 B 1.0
—— Prognostic nutritional index —— Neutrophil-to-lymphocyte ratio
—— Serum albumin —— Platelet-to-lymphocyte ratio
0.8 4 0.8 1
0.6 0.6
= =
7 04 4 7 04 4
0.2 0.2
0'0 T T T T 0'0 Ll L) Ll L)
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity
. " . 95% confidence interval
Variables Area Cut-off Sensitivity Specificity Pvalue
Lower bound | Upper bound
PNI 0.642 318 62.3% 64.1% 0.560 0.717 <0.001
Albumin 0.633 3.0 59.7% 63.6% 0.564 0.702 <0.001
NLR 0.618 141 54.1% 69.2% 0.549 0.688 <0.001
PLR 0.582 339.6 47.3% 66.3% 0.512 0.652 0.022

Figure 4. Receiver operator characteristic (ROC) curves of prognostic nutritional index (PNI) and serum albumin for 30-day mortality

(A). ROC curves of neutrophil-to-lymphocyte (NLR) ratio and platelet-to-lymphocyte ratio (PLR) for 30-day mortality (B). Area
under ROC curves and cut-off values were listed in the table.

due to its quick consumption in the short term [22]. Therefore, a
decreased albumin concentration may reflect a deterioration of
clinical status or persistent inflammation during AECOPD [19].

Secondly, lymphocyte count indicates the immune function of
patients. Yamaya et al found that the proportions of patients
with lymphocytopenia in an exacerbation mortality group
were higher than that in an exacerbation survival group [23].
Malnutrition involving albumin deficiency can also decrease
cell-mediated immunity, such as lymphocyte proliferation, and
deteriorate the immune defense system [24].

NLR and PLR in peripheral blood have been increasingly inves-
tigated as a simple systemic inflammatory biomarker. NLR has
been shown to be significantly elevated in AECOPD patients
compared with stable COPD patients [25-27]. PLR was also
higher in AECOPD patients compared to stable COPD patients
[28,29]. Bycomparisons of the area under ROC curves, we found
that PNI (AUROC 0.642, 95% Cl, 0.560 to 0.717, P<0.001) was
better than NLR and PLR to predict 30-day mortality. The pre-
dictive accuracy of PNI was also better than serum albumin
alone. The optimal PNI cut-off value was 31.8 with sensitivity
62.3% and specificity 64.1%. Subgroup analysis found that PNI

was not significantly associated with prognosis among patients
aged <70 years and without mechanical ventilation, which may
partly explain the unsatisfactory accuracy. Although the sen-
sitivity and specificity were not relatively high, given the con-
venience of use, PNI may still have clinical utility.

There were some limitations of this study. First, it was a single-
center retrospective observational study and the biases inher-
ent in this type of study should not be ignored. Secondly, the
data were extracted from the MIMIC-IIl database, so selection
bias could not be avoided. Thirdly, the predictive value of PNI
among obese patients was not analyzed due to missing data
on height and weight. Last but not least, the AUROC of PNI did
not have satisfactory accuracy. Prospective studies are needed
to validate these results, and nomogram logistic analysis would
helpful to quantify the contribution to the prognosis of AECOPD.

Conclusions

Given its convenience, reliability, and simplicity of use before
ICU admission, PNI could serve as a promising prognostic bio-
marker for AECOPD patients in the ICU.
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Availability of Data and Materials

The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.
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