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Prognostic nutritional index predicts acute kidney injury
and mortality of patients in the coronary care unit
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Abstract. The current study aimed to investigate whether
prognostic nutritional index (PNI) is an independent predictor
of acute kidney injury (AKI) and mortality of patients in the
coronary care unit (CCU). In the present two-stage observa-
tional study of patients in the CCU, 6,444 patients from the
Medical Information Mart for Intensive Care (MIMIC) III
database were first enrolled (test cohort), after which
412 patients from Zhongnan Hospital of Wuhan University
were recruited in the validation cohort. AKI was defined
based on the Kidney Disease Improving Global Outcomes
AKI criteria. The primary endpoint was the incidence of
AKI stratified by severity, while the second endpoint included
in-hospital mortality and 2-year mortality. In the test cohort,
4,457 (69.2%) patients developed AKI during hospitalization.
Following multivariable adjustment, the highest quartile of
the PNI value was associated with a 1.8-fold increased risk
of AKI compared with the lowest quartile. For the prediction
of AKI, the area under the receiver operating characteristic
curve outperformed the acute physiology score III score and
clinical model in patients with or without preexisting chronic
kidney disease, and this was further validated in the hospital
cohort used in the present study. A total of 2,219 patients
suffered mortality during the 2-year follow-up, and PNI was
indicated to independently predict the risk of in-hospital
mortality and 2-year mortality in the test cohort and in the
validation cohort. Decision curve analysis indicated that the
PNI values were clinically useful; Therefore, the current study
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demonstrated that the PNI value is an independent predictor of
AKI and mortality in patients within the CCU.

Introduction

Acute kidney injury (AKI), which is one of the most common
major complications in patients admitted to hospital and
especially those admitted to the intensive care unit world-
wide (1,2), is associated with adverse short- and long-term
prognosis and increased medical expenses (3). Despite an
increasing heterogeneity in its causes and clinical features,
detecting patients who are at high risk of AKI may result in
earlier diagnosis, avoidance of potentially nephrotoxic expo-
sures and lower health care costs (4,5). A number of biomarkers
have been demonstrated to identify patients with an increased
risk of AKI and to predict long-term prognosis (6,7). However,
the clinical utilization of these biomarkers in patients in the
coronary care unit (CCU) is limited.

The prognostic nutritional index (PNI), which is calcu-
lated from the serum albumin concentration and total
lymphocyte count in the peripheral blood, is an index
that reflects chronic inflammation, immune system and
nutritional status and indicates prognostic significance in
different patients (8). PNI had been described as a simple and
objective indicator of adverse outcomes not only in chronic
conditions, such as hepatocellular carcinoma (9), chronic
heart failure (10) and different cancer types (11), but also
in acute illnesses, including acute coronary syndrome (12),
acute heart failure (13) and stroke (14). Furthermore, a
previous study demonstrated an association between PNI
and AKI in patients with normal serum creatinine levels who
underwent coronary artery bypass grafting (15). However,
to the best of our knowledge, no study has investigated the
potential value of PNI for patients in the CCU. The current
two-stage observational study aimed to explore and validate
the predictive value of PNI for the development of AKI and
its prognosis in patients in the CCU.

Materials and methods

Participants. In the current two-stage observational study,
initial data was obtained from the Medical Information Mart
for Intensive Care (MIMIC) III database (16). Access to the
database was approved by the Institutional Review Board of
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the Massachusetts Institute of Technology and a waiver for
informed consent was granted. All adults in the database with
a first CCU admission and length of stay =48 h were selected
(n=6,903). Since MIMIC III is a freely accessible public
database, the age of all patients was calculated from the date
of admission minus the date of birth. However, for patients
>89 years old, the date of birth was set to 300 years before
their first admission, therefore the actual age of those patients
would not be acquired. Moreover, the median age of patients
>89 years old was 91.4 in this database. Subsequently, these
patients were excluded (n=459). Therefore, 6,444 patients
constituted the test cohort. A total of 412 adult patients (age,
66.3%13.1 years; 32.8% male) with duration of hospitalization
=48 h who were admitted to the CCU at Zhongnan Hospital
of Wuhan University (Wuhan, China) from January 1, 2014
to June 1, 2015, were prospectively included in the validation
cohort, as reported in a previous study (17). The current study
was approved by the Ethics Committee of Zhongnan Hospital
of Wuhan University and all patients in the validation cohort
were required to provide written informed consent.

All laboratory results for the patients enrolled in the test
cohort were collected from the MIMICIII database. Since a
patient may undergo a single laboratory test more than once
during their hospital admission, only the initial test results were
included in the final analysis. Patients' baseline characteristics
and acute physiology scores III (APSIII) were calculated using
the SQL code that was available in the MIMIC code reposi-
tory, as described in previous studies (18).

PNI value was calculated using the following equation:
10x serum albumin (g/dl) + 0.005 x total lymphocyte count
(mm?). Estimated glomerular filtration rate (eGFR) was
calculated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation (19).

The primary outcome was the development of AKI, which
was classified according to the Kidney Disease Improving
Global Outcomes Clinical Practice Guidelines for AKI based
on serum creatinine criteria within 7 days after hospital
admission (20), using the SQL code that was available in the
MIMIC code repository.

The secondary outcomes included in-hospital mortality
and 2-year mortality from admission to the end of the 2-year
follow-up period.

Missing data. There were missing data for albumin and
lymphocyte counts: 986 (15.3%) patients had a missing
albumin variable, and 467 (7.2%) had a missing lymphocyte
count variable in the MIMICIII database. Additionally,
1,269 (19.7%) patients had a missing PNI value. Imputation
for missing variables was considered if they were missing in
>20% of the patients in the dataset. Predictive mean matching
was used to impute numeric features, logistic regression was
used for binary variables, and Bayesian polytomous regression
was used for factor features.

Statistical analysis. R software (version 3.6.1, http:/www.
r-project.org) was used for all statistical analyses. Unpaired
two-sample t-test or the Mann-Whitney U test was used to
compare continuous variables across groups and Pearson's
Chi-squared test (%) to compare categorical variables across
groups. Spearman's correlation coefficients were calculated

for the correlation between PNI and other biochemical factors.
Adjusted odds ratios (ORs) were calculated for AKI using
multiple logistic regression. The Cox proportional hazards
model was used to estimate the hazard ratio and its associ-
ated 95% confidence interval (95% CI). The selection of
covariates was based on known or clinically relevant risk
factors of AKI (21,22). The clinical model for AKI and
prognosis was adjusted for age, sex, BMI, hypertension,
diabetes, CKD, eGFR, hemoglobin, leucocytes, mean arterial
pressure, triglycerides, total cholesterol, serum potassium
and serum sodium. To evaluate the utility of biomarkers in
risk classification, the net reclassification index (NRI) and
integrated discrimination improvement (IDI) was determined,
as described in previous studies (23,24). Furthermore, a
decision curve analysis (DCA) was conducted to determine
the clinical usefulness of PNI values in the test cohort and
validation cohort. P<0.05 was considered to indicate a
statistically significant difference.

Results

Subject characteristics. A total of 6,856 patients (6,444 patients
in the test cohort and 412 patients in the validation cohort)
were analyzed in the current study. There were 1693 (26.3%)
patients and 268 (65.0%) cases primarily diagnosed with acute
coronary syndrome in the test cohort and in the validation
cohort, respectively. Patients were split into groups of those
with and those without AKI. In the test cohort, patients who
developed AKI were indicated to be older, exhibited more
comorbidities (CKD, hypertension and diabetes), higher serum
levels of leukocyte, serum albumin, PNI and higher APSIII
scores, and lower levels of mean arterial pressure (MAP),
serum creatinine, eGFR, hemoglobin and serum albumin
compared with those who did not develop AKI. However,
the sex distribution, BMI, lymphocyte counts, serum sodium,
total cholesterol and triglycerides were comparable between
the two groups. Patients enrolled in the validation cohort also
exhibited characteristics similar to those in the test cohort
except for leukocyte numbers (Table I).

Correlation between PNI and other parameters. The
Spearman correlation coefficients indicated that PNI values
were significantly positively correlated with leukocyte counts
(r=0.053), MAP levels (r=0.057), eGFR (r=0.047), hemoglobin
levels (r=0.051) and BMI (r=0.032). Baseline PNI values
were negatively correlated with age (r=-0.103) and APSIII
scores (r=-0.077). However, no correlations between PNI and
triglyceride or total cholesterol were observed (Table II).

PNI as a predictor of the primary endpoint. In the test cohort,
AKI occurred in a total of 4,457 patients (69.2%) within
7 days after admission (Table I). The PNI value was lower in
the patients with AKI than in the non-AKI patients (Table 1),
which was supported by the results of the multivariate anal-
yses. PNI value was associated with incident AKI in patients
with or without preexisting chronic kidney disease (CKD)
after adjustment for clinical variables in the test cohort. The
highest quartile of PNI was associated with an increased
risk for AKI by 1.8-fold compared with the lowest quartile
in all participants (Table III). When PNI was analyzed as a
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Table I. Characteristics of the CCU patients on admission.
Test set (n=6,444) Validation set (n=412)
Characteristic No AKI (n=1,987) AKI (n=4,457) P-value No AKI (n=282) AKI (n=130) P-value
Age, year 63.6+£13.6 68.6x£15.2 <0.001 65.5+13.1 68.2+13.1 <0.001
Sex, male, n (%) 762 (38.3) 1,845 (38.0) 0.851 93 (33.0) 42 (32.3) 0.893
BMI, kg/m? 27.9+4.1 28.0+6.3 0.652 23.8+3.5 23.7£33.2 0.870
Primary diagnosis, n (%)
Acute coronary syndrome 503 (25.3) 1,190 (26.7) 0.243 179 (63.5) 89 (68.5) 0.325
Preexisting diseases, n (%)
CKD 207 (10.5) 1,247 (28.0) <0.001 17 (6.0) 42 (32.3) 0.001
Hypertension 1,089 (54.8) 2,669 (59.9) <0.001 118 (41.8) 90 (69.2) <0.001
Diabetes 405 (204) 1,140 (25.6) <0.001 79 (28.0) 63 (48.5) <0.001
Biochemical data
MAP, mmHg 58.4+16.7 56.3+12.7 <0.001 94.6x13.0 87.8+134 <0.001
Leukocyte, x10%/1 12.0+4.9 13250 <0.001 8.9+2.8 92423 0.550
Lymphocyte count, x10%/1 1.6+0.6 1.5£0.8 0.565 1.5+£0.78 1.4+£0.5 0.178
Hemoglobin, g/l 127.6+31.9 109.6+22.3 <0.001 130.0+18.6 109.1+23 4 <0.001
eGFR, ml/min/1.73 m? 729+17.7 50.3+104 <0.001 86.3+10.7 57.1x15.3 <0.001
Serum albumin, g/l 342426 31.9+2.6 <0.001 38.1+4.1 35750 <0.001
Serum creatinine, umol/l 84.2+19.2 120.1+18.1 <0.001 70.9+154 108.4+12.9 <0.001
PNI 56.6x15.0 46.6x£20.6 <0.001 489453 41460 <0.001
Total cholesterol, mmol/l 39+1.2 4.0+1.0 0.740 42+09 4.0+1.0 0.085
Triglycerides, mmol/l 1.240.6 1.1£0.5 0.364 1.7£13 1.5£1.2 0.243
APACHEII, points - - - 6.8+1.8 104+2.2 <0.001
Serum sodium, mmol/l 139.5+3.6 139.5+4 4 0.537 138+4.8 137£5.7 0.450
Serum potassium, mmol/l 4.5+0.8 4.7+0.9 <0.001 39+0.5 4.1+0.7 0.001
APSIII, points 32.5+10.1 47.1£19.3 <0.001 - - -
LOS, days 7.1£2.6 12.0+4.5 <0.001 11.0£5.6 16.2+9.9 <0.001
Hospital mortality 445 (22.4) 1,747 (39.2) <0.001 17 (6.0) 44 (33.8) <0.001
2-year mortality 696 (35.0) 2,454 (55.1) <0.001 42 (14.9) 70 (53.8) <0.001

CKD, chronic kidney disease; AKI, acute kidney injury; MAP, mean arterial pressure; eGFR, estimate glomerular filtration rate; PNI, prog-
nostic nutritional index; APACHEII, acute physiology and chronic health evaluation II; APSIII, acute physiology score III; LOS, length of

hospital stay; CCU, coronary care unit.

Table II. Correlations between baseline PNI and selected
clinical parameters.

PNI

continuous variable, higher PNI values were also associated
with the development of AKI (OR=0.982; 95% CI,0.975-0.988;
P<0.001; data not shown) in a multivariable model. Moreover,
lower PNI values group (<48.8) had a higher risk of AKI by

Variables r-value P-value 1.3-fold compared with the higher PNI group after adjusting
for other risk factors (data not shown).
Age, years -0.103 <0.001
Hemoglobin, g/l 0.051 <0.001 Performance of PNI for predicting AKI in subgroup analyses.
BMI, kg/m? 0.032 0021  For the prediction of AKI, the area under the receiver operating
Leucocyte, x10%/1 0.053 <0001 characteristic curve (AUC) of PNI on admission for all partici-
Total cholesterol, mg/dl -0.009 0697  Ppants in the test set was 0.755. A cutoff of 48.8 yielded good
Triglycerides, mg/dl 0012 0705 specificity (81.8%) and sensitivity (63.5%; Fig. 1A). The AUCs of
¢GFR. ml/min/1 73 m? 0.047 <0.001 PNI in subgroups with and without preexisting CKD were greater
’ ’ ) ) compared with APSIII scores, eGFR and the clinical model
MAP, mmHg 0.057 <0.001 (Fig. 1B and C; all P<0.05). To further validate the predictive value
APSIII, points -0.077 <0.001

PNI, prognostic nutritional index; APSIII, acute physiology score III;
eGFR,estimate glomerular filtration rate; MAP, mean arterial pressure.

of PNI for AKI, the AUC for predicting AKI was analyzed in an
independent validation cohort recruited from Zhongnan Hospital
of Wuhan University. As presented in Fig. 1D, PNI was validated
in predicting AKI in the validation cohort (AUC=0.738).
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Table III. Multivariate logistic regression analyses of PNI as a predictor for AKI in the test cohort.

A, All study participants (n=6,444)

PNI on admission Unadjusted OR Adjusted OR* 95% CI P-value
Quartile 1 (>61.0) 1.0 (ref) 1.0 (ref)

Quartile 2 (42.6-61.0) 1.652 1414 1.170-1.708 <0.001
Quartile 3 (34.1-42.5) 1.799 1.447 1.195-1.753 <0.001
Quartile 4 (<34.0) 1.897 1.765 1.457-2.137 <0.001
B, Patients without preexisting CKD (n=4,990)

PNI on admission Unadjusted OR Adjusted OR* 95% CI P-value
Quartile 1 (>53.5) 1.0 (ref) 1.0 (ref)

Quartile 2 (43.1-53.5) 2.229 1.817 1.484-2.226 <0.001
Quartile 3 (34.0-43.0) 2.398 1.852 1.484-2.226 <0.001
Quartile 4 (<34.0) 3.084 2.262 1.820-2.811 <0.001
C, Patients with preexisting CKD (n=1,454)

PNI on admission Unadjusted OR Adjusted OR* 95% CI P-value
Quartile 1 (>55.0) 1.0 (ref) 1.0 (ref)

Quartile 2 (41.6-55.0) 2.394 2.215 1.358-3.613 0.001
Quartile 3 (33.0-41.5) 2.457 2.389 1.469-3.883 <0.001
Quartile 4 (<33.0) 2.492 2.506 1.528-4.110 <0.001

*Adjusted for age, sex, BMI, hypertension, diabetes, eGFR, hemoglobin, leucocyte, mean arterial pressure, triglyceride, total cholesterol, potas-
sium, sodium and APSIII points. OR, odds ratio; 95% CI, 95% confidence interval; CKD, chronic kidney disease; eGFR, estimate glomerular
filtration rate; PNI, prognostic nutritional index; AKI, acute kidney injury.

PNI as a predictor for secondary endpoints. Of the 6,444
participants in the test cohort, 2,219 (34.4%) suffered mortality
within 2 years after admission. Lower PNI levels were associ-
ated with a higher risk of in-hospital mortality [hazard ratio
(HR)=0.978 (test cohort) and 0.882 (validation cohort)] and
2-year mortality [HR=0.984 (test cohort) and 0.906 (validation
cohort); Table IV]. Other parameters, including APACHEII
score, eGFR, MAP and age, associated with a higher risk of
in-hospital mortality and 2-year mortality are also presented
in Table IV. Moreover, a PNI level <48.8 on admission was asso-
ciated with a significantly increased probability of in-hospital
mortality (HR=1.40; 95% CI: 1.27-1.55) and 2-year mortality
(HR=1.21;95% CI, 1.09-1.34; P<0.001) over the 2-year follow-up
period in both cohorts (Fig. 2A and B). In the pre-specified
subgroup analysis, patients with PNI <48.8 had a higher risk
of mortality than those with PNI =48.8 in all subgroups except
for AKI stages (Fig. 2C and D). Furthermore, a lower level
of PNI value (PNI <48.8) on admission was associated with
a significantly increased risk of sepsis (OR=1.53, 95% CI,
1.32-1.77; P<0.001) and acute respiratory distress syndrome
(ARDS) (OR=1.52,95% CI, 1.04-2.22; P=0.029) after adjusting
for other clinical risk factors (data not shown).

Effect of PNI on risk reclassification of AKI and mortality.
To determine whether PNI materially improved risk

reclassification, NRI and IDI were used in the test cohort.
As presented in Table V, the addition of PNI significantly
improved the risk reclassification (as measured using NRI and
IDI) of AKI and mortality compared to the APSIII score and
clinical model alone.

Clinical usefulness of PNI. To evaluate the clinical use of
PNI, a DCA was introduced. According to the DCA, when
the threshold probability for a patient was within the range of
0-100%, the PNI added more net benefit than the ‘treat all’ or
‘treat none’ strategies both in the test cohort and in the valida-
tion cohort (Figs. 3 and S1).

Discussion

In the test cohort of 6,444 patients, it was revealed that PNI
measured on the first day of admission was an independent
predictor of AKI in patients in the CCU. The best cutoff value
of 48.8 was a good threshold for the risk of mortality in almost
all subgroups. The performance of PNI was superior to that
of the APSIII scores and the clinical model in the test cohort.
Furthermore, the risk reclassification, as measured by the NRI
and IDI, was significantly improved through the addition of
the APSIII score to the clinical model. The predictive value
of PNI was further demonstrated in the validation cohort of
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Figure 1. ROC analyses for predicting AKI. (A-C) PNI, eGFR, APSIII and clinical model for predicting AKI in (A) all participants, (B) in patients with
preexisting CKD, and (C) in patients without preexisting CKD. (D) ROC analysis for the test and validation sets. ROC, receiver operator characteristic;
AKI, acute kidney injury; PNI, prognostic nutritional index; eGFR, Estimated glomerular filtration rate; APSIII, acute physiology scores III; CKD, chronic

kidney disease; CI, confidence interval; AUC, area under the curve.

412 CCU patients. These data suggest that the PNI may be a
good predictor for identifying patients at high risk of AKI and
mortality in the CCU.

To the best of our knowledge, only two studies
have assessed the predictive value of PNI for AKI risk.
Dolapoglu et al (15) conducted a retrospective study
of 336 consecutive patients with normal serum creatinine
levels who underwent coronary artery bypass grafting.
The aforementioned study concluded that PNI was inde-
pendently predictive of AKI in a multivariate logistic
regression (OR=0.83; 95% CI, 0.78-0.88). A similar conclu-
sion was drawn in another retrospective study of 423 patients
following donor liver transplantation (25). However, to
the best of our knowledge, the current study is the first to
investigate the association between PNI levels and AKI in a

public database, demonstrating that each decrease of a score
of 1 in PNI led to a 1.8% risk of AKI. The results were also
independently verified in the hospital cohort.

The association between PNI and CKD has been
demonstrated in previous studies. Hori ef al (26) revealed an
association between decreased PNI value (<54) and lower
postoperative renal function after 12 months of donor nephrec-
tomy in a retrospective observational study of 75 living kidney
donors. The aforementioned study further concluded that the
decreased PNI value independently predicted the development
of CKD G3b (OR=0.3; 95% ClI, 0.1-0.8). Similarly, a posi-
tive correlation between PNI value and eGFR (r=0.047) was
indicated in the current study based on Spearman's correlation
coefficient. Furthermore, a previous study that investigated
the impact of PNI on cardiovascular disease (CVD) mortality
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Table I'V. Multivariate Cox regression analyses: Predictors of hospital mortality and 2-year mortality in test and validation sets.

A, in-hospital mortality

Test set Validation set
Parameter Adjusted HR (95% CI) P-value Adjusted HR (95% CI) P-value
APACHEII score - - 1.121 (1.040-1.208) 0.003
PNI 0.978 (0.975-0.981) <0.001 0.882 (0.845-0.921) <0.001
MAP, mmHg 0.977 (0.964-0.989) <0.001 0.986 (0.974-0.999) 0.034
APSIII score 1.003 (1.001-1.006) 0.016 - -
eGFR, ml/min 0.994 (0.992-0.996) <0.001 0.982 (0.955-1.010) 0.210
B, 2-year mortality

Test set Validation set
Parameter Adjusted HR (95% CI) P-value Adjusted HR (95% CI) P-value
APACHEII score - - 1.145 (1.080-1.214) <0.001
PNI 0.984 (0.983-0.986) <0.001 0.906 (0.877-0.936) <0.001
MAP, mmHg 0.974 (0.965-0.982) <0.001 0.983 (0.973-0.993) 0.001
APSIII score 1.021 (1.017-1.024) <0.001 - -
eGFR, ml/min 0.997 (0.995-0.999) 0.006 1.001 (0.988-1.014) 0.855
Age, years 1.014 (1.012-1.016) <0.001 1.002 (0.980-1.025) 0.857
Preexisting CKD 1.223 (1.098-1.363) <0.001 1.008 (0.548-1.856) 0.979
Hypertension 1.255 (1.155-1.365) <0.001 1.166 (0.762-1.783) 0.480

Multivariate model for in-hospital mortality and 2-year mortality are adjusted for age, sex, BMI, hypertension, diabetes, CKD, eGFR,
hemoglobin, leucocyte, mean arterial pressure, triglyceride, total cholesterol, serum potassium and serum sodium and APACHEII or APSIII
points. HR, hazard ratio; CI, confidence interval; APACHEII, acute physiology and chronic health evaluation II; PNI, prognostic nutritional
index; MAP, mean arterial pressure; APSIII, acute physiology score III; eGFR, estimate glomerular filtration rate; CKD, chronic kidney disease.

in patients with incident peritoneal dialysis concluded
that PNI may be a better predictor of CVD mortality than
hemoglobin and leukocytes (27). A similar association was
also indicated in patients undergoing continuous ambula-
tory peritoneal dialysis (CAPD). Cai et al (28) conducted a
retrospective cohort study of 1,501 patients with CAPD and
found a robust and consistent association between lower PNI
value (<45) and overall mortality or CVD mortality that was
independent of other common risk factors (HR=1.82; 95% ClI,
1.36-2.43; HR=1.63; 95% CI, 1.06-2.51). Additionally, PNI was
a prognostic factor in patients undergoing kidney transplanta-
tion and in patients undergoing peritoneal dialysis (25,29). The
results of the current study similarly suggested that PNI admis-
sion was a significant determinant of mortality, indicating that
each decrease by a score of 1 in PNI led to a 2.2% increase in
the risk of in-hospital mortality and 1.6% increase in the risk
of 2-year mortality.

Up to 80% of hospitalized patients are malnourished
worldwide (30), especially critically ill patients, as they may
lose 10-25% of their body protein content within 10 days after
admission (31). Serum albumin, which is a common indicator
of nutritional status, was an independent predictor for the devel-
opment of postoperative AKI and mortality in a retrospective
study of 2,339 patients who underwent aneurysm clipping

surgery (32). Additionally, a previous study demonstrated that
nutritional intervention may improve clinical outcomes with
shorter hospital stays and lower costs (33). In the current study,
PNI was correlated with the known indicators of nutritional
status, including BMI and hemoglobin. Furthermore, patients
in the CCU are often in a heightened proinflammatory state,
which can significantly worsen nutritional status (34), and AKI
is known to be associated with intrarenal and systemic inflam-
mation (35). Consequently, PNI, combined serum albumin
and total lymphocyte count, which represent nutritional status
and chronic inflammation (36,37), may be indicated for risk
stratification and clinical management for patients in the CCU.
In the present study, it was demonstrated that PNI, which is
clinically and easily available, was an independent predictor
for the development of AKI and prognosis in patients in the
CCU. In the subgroup analyses, PNI <48.8 exhibited a higher
risk of 2-year mortality in almost all subgroups. These findings
were then further validated in the hospital cohort. Moreover,
in the current study, the AUCs of PNI for AKI were 0.755
in the test cohort and 0.738 in the validation cohort, which
were consistent with previous models for AKI in different
populations (38,39).

The present study had a few limitations. There was a
sizeable number of missing data related to PNI and given the
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Figure 2. PNI levels and mortality risk in coronary care unit patients. Kaplan-Meier estimates of (A) 2-year survival and (B) in-hospital survival. Subgroup
analyses at the second interim analysis for (C) 2-year mortality and (D) in-hospital mortality in the test cohort. Hazard ratios and number of deaths among
high-risk and low-risk patients are presented. HR, hazard ratio; CI, confidence interval; PNI, prognostic nutritional index; CKD, chronic kidney disease;
AKI, acute kidney injury; APSIII, acute physiology scores III; MAP, mean arterial pressure; eGFR, Estimated glomerular filtration rate.
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analysis; PNI, prognostic nutritional index.



Table V. NRI and IDI analyses for risk reclassification of AKI and mortality in test cohort.
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A, AKI
AUC IDI NRI?
Biomarker+ Clinical Value Value
Outcome Biomarker  clinical model model®  P-value® (95% CI) P-value (95% CI) P-value
PNI 0.755 0.787 0.672 0.003 0.044 <0.001 0.169 <0.001
(0.020-0.117) (0.086-0.382)
APSIII 0.694 0.730 0.279 0.021 <0.001 0.014 0.737
(0.017-0.076) (-0.071-0.101)
PNI+APSIII 0.784 0.801 <0.001 0.712 <0.001 0.199 <0.001
(0.047-0.158) (0.120-0.408)
B, In hospital mortality
AUC IDI NRI*
Biomarker+ Clinical Value Value
Outcome Biomarker  clinical model  model®  P-value® (95% CI) P-value (95% CI) P-value
PNI 0.737 0.788 0.663 <0.001 0.015 0.066 0.177 0.134
(-0.011-0.253) (-0.030-0.238)
APSIII 0.686 0.716 0.001 0.037 0.294 0.068 0.420
(-0.030-0.140) (-0.150-0.332)
PNI+APSIIT 0.779 0.804 <0.001 0.124 0.028 0.192 0.046
(0.022-0.244) (0.007-0.404)
C, 2-year mortality
AUC IDI NRI?
Biomarker+ Clinical Value Value
Outcome Biomarker  clinical model  model®  P-value® (95% CI) P-value (95% CI) P-value
PNI 0.735 0.780 0.683 <0.001 0.047 0.002 0.123 0.058
(0.021-0.137) (-0.009-0.356)
APSIII 0.684 0.711 0.003 0.024 0.024 0.095 0.236
(0.003-0.103) (-0.068-0.286)
PNI+APSIII 0.777 0.797 <0.001 0.072 0.002 0.213 0.026

(0.033-0.158)

(0.037-0.387)

"The NRI is calculated through two-way category by using the event rate of AKI and mortality in the test cohort. *The clinical model for
predicting AKI and mortality are composed of age, sex, BMI, hypertension, diabetes, CKD, eGFR, total cholesterol, hemoglobin, leucocyte,
mean arterial pressure, triglyceride, serum potassium and serum sodium. ‘Biomarker+clinical model versus clinical model. AUC, area under
the receiver-operating characteristic curve; IDI, integrated discrimination improvement; NRI, Net reclassification index; PNI, prognostic nutri-

tional index; APSIII, acute physiology score III; CI, confidence interval; AKI, acute kidney injury.

possible selection bias, the affected patients were not excluded,
which may have led to oversights in the analysis. Additionally,
PNI values were calculated on the first day of admission but
changes in PNI were not assessed in the patients during their
hospital stay and their 2-year follow-up. The initial results
also may not represent patient situation, and the maximum
or minimum results may have been more suitably compared

with the initial results. However, for prediction models, the
initial results may be more appropriate to predict outcomes as
clinicians are able to rapidly classify the risk of AKI and prog-
nosis. Moreover, some of the data requires further analysis
as MAP was much higher in the validation cohort compared
with the test cohort, which may reflect organ perfusion. In
previous studies, a target MBP up to 80-95 mmHg has been
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associated with favorable outcomes, including a reduction in
renal failure and mortality for critically ill patients (40). Lower
MAP has also been indicated to be an independent predictor
for AKI in a previous study (41). In the present study, patient
blood pressure was collected upon CCU admission and a
lower MAP may indicate worse organ perfusion, which can
lead to a higher incidence of AKI. Finally, some factors such
as troponin, brain natriuretic peptide and the usage of drugs
and markers of inflammation were not assessed in the clinical
model. Therefore, further studies are required to validate the
results of the current study.

In conclusion, the current study demonstrated that PNI
values could serve as an early predictor for the development of
AKI and mortality in patient in CCU, and PNI on admission
exhibited good predictive performance and may be a useful
clinical marker that can be used for estimating long-term
survival in these patients. These results were validated in a
hospital cohort. If the results are further confirmed in future
studies, given that PNI is a readily available and cost-effective
parameter, its use as an index to stratify the risk of AKI and
mortality is suggested to be promising.
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