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Purpose: The effectiveness and prognostic value of the prognostic nutritional index (PNI) in
critically ill patients are unknown. Hence, this study aimed to analyze the relationship
between the PNI and all-cause mortality in critically ill patients.

Patients and Methods: Patient data were obtained from the Multiparameter Intelligent
Monitoring in Intensive Care III database. The relationship between the PNI and in-hospital
mortality was analyzed using receiver operating characteristic curve analysis and a logistic
regression model. Propensity score matching (PSM) was used to eliminate the bias caused by
confounding factors. The Kaplan—Meier curve and Cox regression model were used to test
the effect of the PNI on 30-, 90-, 180-, and 365-day mortality.

Results: A low PNI score is an independent risk factor for in-hospital mortality in critically
ill patients. A total of 3644 cases were successfully matched using PSM. The PSM group
with balanced covariates obtained similar results in the three models, which were statistically
significant. The Kaplan—Meier curve and Cox regression model showed that the PNI was
negatively correlated with 30-, 90-, 180-, and 365-day all-cause mortality.

Conclusion: The PNI score is an independent risk factor for all-cause mortality in critically
ill patients, where a low PNI score is associated with increased mortality.

Keywords: prognostic nutritional index, mortality, critically ill patients, propensity score
matching

Introduction

Critically ill patients have rapid disease progression, which is accompanied by
severe trauma and multiple infections." The condition of patients entering the
intensive care unit is heterogeneous. Therefore, obtaining objective and easy-to-
obtain risk stratification indicators, which can be widely used in clinical practice,
can help clinicians to quickly assess the severity of the patient’s disease and
improve patient prognosis.

Although albumin as a nutritional indicator has been questioned,>” its relevance
to the prognosis of critically ill patients has been discussed.*® As an important
group of immune cells, lymphocytes have been confirmed to reflect the patient’s
immune status. Prognostic Nutrition Index (PNI) is an objective indicator calculated
using serum albumin level and lymphocyte count.” The PNI was originally used for
risk assessment of patients after surgery,” but in the recent years, it has been used as
a risk stratification indicator in the assessment of the prognosis of other types of

patients.”'?
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Currently, the effectiveness and prognostic value of the
PNI in critically ill patients require further research. This
study aimed to explore the relationship between the PNI
and all-cause mortality in critically ill patients.

Materials and Methods

Data Resource

The data for this retrospective study were obtained from
the Medical Information Mart for Intensive Care III
(MIMIC-III) database.'* The MIMIC-III database, a large

single-center database widely used by international

researchers for retrospective clinical research,'*'®

con-
tains information on more than 50,000 unidentified
patients admitted to the intensive care unit (ICU) of Beth
Medical Center MA.

According to the data usage agreement, author Yan Lu

Israel Deaconess in Boston,
(certification number: 35953547) is authorized to obtain
detailed information, including information on patient care
and treatment, from the database without the need for
additional ethical review or approval.

Inclusion and Exclusion Criteria

The data in the MIMIC-III database were screened accord-
ing to the criteria. The inclusion criteria were as follows:
lack of personal admission information of the patient was
less than 5%; the serum albumin concentration and total
lymphocyte counts were measured within 24 hours of ICU
admission; and an age >18 years. Patients with repeated
admissions were excluded, except for the information on
the first admission. Patients who died before ICU admis-
sion were not included in the study.

Data Extraction

Structured query language'’ was used to extract the
required data from the MIMIC-III database. The extracted
data included sex, age, height, weight, comorbidities,
severity score, laboratory parameters, survival status, and
survival time. Comorbidities included diabetes, hyperten-
sion, coronary heart disease, heart failure, respiratory fail-
included the
Sequential Organ Failure Assessment (SOFA),'® systemic

ure, and malignancy. Severity scores
inflammatory response syndrome (SIRS),'? Oxford Acute
Severity of Illness Score (OASIS),?* and Simplified Acute
Physiology Score II (SAPS II).?! The laboratory para-
meters were extracted from the first detected value within
24 hours after ICU admission, including total lymphocyte
counts, serum albumin, white blood cell (WBC) counts,

platelet counts, serum creatinine, blood glucose, and
hemoglobin.

Outcomes

The study focused on the all-cause mortality of critically
ill patients. The time started when the patient was admitted
to the ICU. The primary outcome was in-hospital mortal-
ity. The secondary outcomes were 30-, 90-, 180-, and 365-
day mortality.

Statistical Analyses

The parameters to be converted were calculated according
to the following formulas: PNI=10 X serum albumin value
(g/dL) + 5 x number of peripheral blood lymphocytes
(x10°/L);** and body mass index (BMI)=weight (kg)/
height squared (m?).”

Categorical variables are expressed as frequencies and
proportions. Continuous variables are expressed as mean =+
standard deviation. The #-test and chi-square test were
performed to assess the differences between the groups.
The receiver operating characteristic (ROC) curve was
used to evaluate the predictive value of the PNI for in-
hospital mortality of critically ill patients. PSM was used
to eliminate the bias caused by confounding factors.>* The
nearest neighbor matching method was used for PSM,
with a matching ratio of 1:1 and a maximum allowable
error value of 0.02 between the two matched groups. Then,
the logistic regression model was used to test whether the
PNI is an independent risk factor for in-hospital mortality
in critically ill patients. The results are expressed as odds
ratios (ORs) with 95% confidence intervals (95% CIs).
The Kaplan—Meier curve was used to intuitively estimate
the survival rate of the secondary outcome,”” and adjusted
and unadjusted Cox regression models were used to test
the impact of the PNI on the survival of critically ill
patients. Differences were considered statistically signifi-
cant when the P-value was <0.05.

Results

After screening 58,976 subjects in the MIMIC-III data-
base, 5860 patients met the inclusion criteria. The included
patients were divided into two groups according to the
median PNI score: those with a PNI score <35.07 (low—
PNI score group) and >35.07 (high—PNI score group).
Patients with a low PNI score had higher average age,
lower BMI, and higher severity scores than those with
a high PNI score (Table 1). There were significant differ-
ences in comorbidities (diabetes, hypertension, coronary
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Table | Correlation of the Prognostic Nutritional Index with Baseline Characteristics
Variables Original Group PSM Group
PNI Score <35.07 PNI Score >35.07 P-value PNI Score <35.07 PNI Score >35.07 P-value
(n=2931) (n=2929) (n=1822) (n=1822)
PNI 29.01+4.29 42.185.70 <0.001 29.74+4.02 41.255.52 <0.001
Age (years) 64.42116.46 61.69+17.94 <0.001 63.84+16.70 64.40+17.36 0.317
Male 1595 (54.42) 1639 (55.96) 0.236 984 (54.01) 974 (53.46) 0.740
BMI 27.60+7.42 28.50+7.77 <0.001 27.98+7.71 27.734£7.45 0.313
Comorbidities
Diabetes 790 (26.95) 897 (30.62) 0.002 555 (30.46) 528 (28.98) 0.328
Hypertension 930 (31.73) 1102 (37.62) <0.001 639 (35.07) 629 (34.52) 0.728
Coronary heart 543 (18.53) 755 (25.78) <0.001 399 (21.90) 403 (22.12) 0.873
disease
Heart failure 226 (7.71) 267 (9.12) 0.053 166 (9.11) 158 (8.67) 0.641
Respiratory failure 1042 (35.55) 727 (24.82) <0.001 553 (30.53) 564 (30.95) 0.693
Malignancy 561 (19.14) 295 (10.07) <0.001 255 (14.00) 259 (14.22) 0.849
Severity scores
SOFA 6.61+3.87 4.67+3.31 <0.001 5.61+3.42 5.57+3.51 0.720
SIRS 3.13£0.91 2.82+0.99 <0.001 2.97+0.96 2.99+0.93 0.482
OASIS 36.1749.42 32.6049.13 <0.001 34.45+9.04 34.54+9.19 0.764
SAPS I 44.35+15.87 36.31£15.01 <0.001 40.27+14.06 40.50+15.34 0.636
Laboratory parameters
WBCs (x107/L) 13.21£8.76 13.30£7.57 0.666 13.80+8.54 13.64+8.17 0.577
Platelets (10°/L) 213.56+140.67 236.59+120.38 <0.001 227.35+136.68 229.34+130.14 0.652
Creatinine (mg/dL) 1.76%1.60 1.65%1.67 0.010 1.72+1.64 1.77+1.70 0.367
Glucose (mg/dL) 142.47+70.19 152.88+76.08 <0.001 149.98+76.40 146.74+69.28 0.181
Hemoglobin (g/dL) 10.15+1.91 11.38+2.14 <0.001 10.66+1.87 10.56+1.90 0.113
Mortality
In-hospital mortality 549 (34.29) 668 (15.68) <0.001 387 (21.24) 336 (18.44) 0.034
30-day mortality 617 (38.54) 790 (18.55) <0.001 464 (25.47) 390 (21.41) 0.004
90-day mortality 746 (46.60) 1037 (24.35) <0.001 590 (32.38) 503 (27.61) 0.002
180-day mortality 843 (52.65) 1233 (28.95) <0.001 689 (37.82) 592 (32.49) 0.001
365-day mortality 913 (57.03) 1464 (34.37) <0.001 788 (43.25) 698 (38.31) 0.002

Notes: Covariates involved in matching: sex, age, BMI, diabetes, hypertension, coronary heart disease, heart failure, respiratory failure, malignancy, SOFA, SIRS, OASIS, SAPS

Il, WBCs, platelets, creatinine, glucose, and hemoglobin.

Abbreviations: PNI, prognostic nutritional index; PSM, propensity score matching; BMI, body mass index; SOFA, Sequential Organ Failure Assessment; SIRS, systemic
inflammatory response syndrome; OASIS, Oxford Acute Severity of lliness Score; SAPS Il, Simplified Acute Physiology Score Il; WBCs, white blood cells.

heart disease, respiratory failure, and malignancy) and
laboratory parameters (platelets, creatinine, glucose, and
hemoglobin) between the two groups.

Association Between the PNI and

Primary Outcomes

In this study, the in-hospital mortality rate for critically ill patients
was 20.77%. There was a significant difference in in-hospital
mortality between patients with a high and low PNI score. ROC
curve analysis revealed that PNI has potential predictive value for
the prognosis of critically ill patients. (Figure 1).

We used PSM to balance the covariates. After the match-
ing was completed, 1822 cases in each of the high— and low—
PNI score groups were included in the cohort analysis, which
eliminated the interference of the covariates. As shown in
Table 1, there significant differences remained in the in-
hospital mortality between the high— and low—PNI score
groups in the PSM group.

In the original group, we established three models to exam-
ine whether a low PNI is an independent risk factor for in-
hospital mortality among critically ill patients using logistic
regression (Table 2). Model I was unadjusted, and the OR
(95% CI) value of the low—PNI score group was 2.292

International Journal of General Medicine 2021:14

3621

Dove:


https://www.dovepress.com
https://www.dovepress.com

Lu et al

Dove

1.0

0.8
.é, 0.6
2
‘»
c
»

0.4

0.2

AUC
— PNI: 0.652
0.0 T T T T
0.0 0.2 04 0.6 0.8 1.0

1 - Specificity

Figure | ROC curve of the PNI in predicting in-hospital mortality of critically ill patients in the original group (n=5860).

(2.009-2.616). Model II, which was adjusted for age, sex, and
BMI, showed similar results (OR, 2.233; 95% CI, 1.955—
2.552). Based on model II, the covariates involved in the
adjustment were added to model III, including comorbidities
(diabetes, hypertension, coronary heart disease, heart failure,
respiratory failure, and malignancy), severity scores (SOFA,
SIRS, OASIS, and SAPS 1II), and laboratory parameters (WBC
count, platelet count, serum creatinine, blood glucose, and
hemoglobin). The results of model III still showed that a low

PNI score was an independent risk factor for in-hospital mor-
tality in critically ill patients. The same three models were
applied to the PSM group, and the results were also statistically
significant.

Association Between the PNI and

Secondary Outcomes
The Kaplan—Meier curve showed a significant difference
between the low— and high—PNI score groups for 30-, 90-,

Table 2 Association Between the Prognostic Nutritional Index and Primary Outcomes

Original Group (n=5860) PSM Group (n=3644)
Odds Ratio 95% Confidence Interval P-value Odds Ratio 95% Confidence Interval P-value
Model | 2.292 2.009-2.616 <0.001 1.193 1.013-1.404 0.034
Model Il 2.233 1.955-2.552 <0.001 1.209 1.026—1.426 0.024
Model Il 1.312 1.118-1.540 0.001 1.408 1.163-1.703 <0.001

Notes: Model |, non-adjusted; model Il, adjusted for age, sex, and body mass index; model lll, adjusted for sex, age, body mass index, diabetes, hypertension, coronary heart
disease, heart failure, respiratory failure, malignancy, Sequential Organ Failure Assessment, systemic inflammatory response syndrome, Oxford Acute Severity of lliness
Score, Simplified Acute Physiology Score Il, white blood cells, platelets, creatinine, glucose, and hemoglobin.

Abbreviation: PSM, propensity score matching.
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Figure 2 Kaplan—Meier survival curves for 30-, 90-, 180-, and 365-day mortality according to the PNI in the original group (n=5860). (A) 30-day mortality; (B) 90-day

mortality; (C) 180-day mortality; (D) 365-day mortality.

180-, and 365-day all-cause mortality (Figure 2). We used
the Cox regression model to estimate the hazard ratios
(HRs) (95% Cls) of an unadjusted low—PNI score on 30-
, 90-, 180-, and 365-day all-cause mortality. After adjust-
ing for sex, age, BMI, diabetes, hypertension, coronary
heart disease, heart failure, respiratory failure, malignancy,
SOFA, SIRS, OASIS, SAPS II, WBC count, platelet
count, serum creatinine, blood glucose, and hemoglobin,
a low PNI score was still an independent risk factor for 30-
, 90-, 180-, and 365-day all-cause mortality (Table 3).

Discussion
The present study investigated the relationship between the
PNI and all-cause mortality in critically ill patients. From the

baseline characteristics of the enrolled subjects in this study, it
can be seen that there are significant differences in age, BMI,
severity scores, comorbidities, and laboratory parameters
between the high— and low—PNI score groups. After balancing
these covariates using PSM, this study still found that the in-
hospital, short-term, and long-term mortalities of critically ill
patients in the low—PNI score group were higher than those in
the high—PNI score group, indicating that the PNI score can
independently affect the prognosis of critically ill patients.

To the best of our knowledge, this is the first study on the
prognostic value of the prognostic nutritional index in critically
ill patients. The possible mechanism of a low PNI score leading
to poor survival in critically ill patients remains unclear. Some
studies have reported that a potential reason for the association

Table 3 Association Between the Prognostic Nutritional Index and Secondary Outcomes in the Original Group (n=5860)

Non-Survivors, n (%) | Hazard Ratio [95% CI] | P-value Adjusted Hazard Ratio* [95% CI] | P-value
30-day mortality 1407 (24.01) 2.051 [1.837-2.289] <0.001 1.216 [1.080-1.370] 0.001
90-day mortality 1783 (30.43) 2.067 [1.875-2.278] <0.001 1.232 [1.109-1.368] <0.001
180-day mortality | 2076 (35.43) 2.084 [1.905-2.281] <0.001 1.258 [1.141-1.386] <0.001
365-day mortality | 2377 (40.56) 1.977 [1.819-2.148] <0.001 1.222 [1.116-1.337] <0.001

Notes: *Adjusted for sex, age, body mass index, diabetes, hypertension, coronary heart disease, heart failure, respiratory failure, malignancy, Sequential Organ Failure
Assessment, systemic inflammatory response syndrome, Oxford Acute Severity of lliness Score, Simplified Acute Physiology Score I, white blood cell, creatinine, glucose,

and hemoglobin.
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between PNI and patient prognosis is that low serum albumin
indicates that the patient is malnourished.”® However, serum
albumin has a long half-life and is not a sensitive indicator of
acute changes in nutritional status, and its applicability in
critically ill patients has not been certified. Therefore, Society
of Critical Care Medicine (SCCM) and American Society for
Parenteral and Enteral Nutrition (ASPEN) do not recommend
albumin as a nutritional evaluation indicator.”” Most evidence
proves that changes in serum albumin do not reflect the nutri-
tional status of the patient, but the severity of the disease.”®
Albumin is regulated by pro-inflammatory cytokines and is
inhibited in the state of systemic inflammation.”” Therefore, it
is more sensitive to acute inflammation. Lymphocytes consti-
tute another determining factor of the PNI score and their
importance in the human immune system has been confirmed
by some studies.***' The severity of inflammation often deter-
mines the outcome of critically ill patients,*? with the number
of lymphocytes being negatively correlated with the progres-
sion of inflammation.> Therefore, the reason PNI is an inde-
pendent risk factor for the prognosis of critically ill patients is
that it reflects the patient’s immune status and disease severity.

The commonly used comprehensive evaluation scales
for critically ill patients, such as SAPS II score and SOFA
score, require evaluators to have specialized training due
to the complexity of calculation and subjectivity of evalua-
tion. Even so, it is difficult to avoid subjective differences
between evaluators. The PNI is derived from two routine
laboratory tests, serum albumin and lymphocyte count,
which are objective and can eliminate errors between
evaluators. Clinicians can easily assess the patient’s con-
dition and promptly carry out clinical interventions to
reduce the risk of mortality. However, whether exogenous
infusion of albumin improves the prognosis of critically ill
patients is controversial,®* but it is generally accepted that
controlling inflammation can improve the prognosis.*>>¢
Therefore, increasing the PNI score via managing inflam-
mation may be an effective means of clinical intervention.

This study used a large sample from the MIMIC-III data-
base and minimized bias using PSM. However, there are still
some limitations. First, as a single-center retrospective study,
there may be unavoidable bias in the results. Second, the
balanced covariates in the research are limited and there may
be other covariates that could affect the results. Third, this
study only included PNI scores obtained within 24 hours of
the patient’s first admission to the ICU, which reflects the
baseline level. Whether a dynamic change in the PNI score
during ICU treatment affects patient prognosis remains
unknown. Therefore, the conclusion needs to be verified by

a well-designed, prospective, multi-center, randomized con-
trolled study.

Conclusions

The PNI score is an independent risk factor for all-cause
mortality in critically ill patients, where a low PNI score is
associated with increased mortality. However, further well-
designed, prospective, multi-center studies are needed to con-
firm our results.

Abbreviations
BMI, body mass index; CI, confidence interval, HR, hazard
ratio, ICU, intensive care unit; MIMIC-III, Medical

Information Mart for Intensive Care III database; OASIS,
Oxford Acute Severity of Illness Score; OR, odds ratio; PNI,
prognostic nutritional index; PSM, propensity score match-
ing; ROC, receiver operating characteristic, SAPS I,
Simplified Acute Physiology Score II; SIRS, systemic
inflammatory response syndrome; SOFA, Sequential Organ
Failure Assessment; WBC, white blood cell.
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