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ABSTRACT

Background/Purpose: The aim of this study is to association the Prognostic
Nutrition Index(PNI) and Geriatric Nutrition Risk Index(GNRI) with 28-day
mortality in critically very elderly patients and compare these indexes with
APACHE Il and SAPS Il scores.

Methods: This study is a observational and retrospective study. A total of 189
patients aged 85 years and older who were followed up in the intensive care
unit between 2017 and 2021 were included in the study. Demographic data
of the patients included in the study, length of stay in the intensive care unit,
comorbidities, laboratory data of hospitalization in the intensive care unit,
neutrophil/lymphocyte ratios, thrombocyte/lymphocyte ratios, APACHE II,
SAPS II, PNI and GNRI index values of intensive care admissions were recorded.

Results: In the statistical analysis performed for PNI and GNRI between
Survival and Non-survival groups, a statistically significant difference was
found between the groups (p=0.022 for PNI, p=0.010 for GNRI). The optimal
threshold values of PNI and GNRI were 33.8 and 92.6, respectively. Sensitivity
and specificity were 56.1% and 56.9% for PNI, 60.6% and 60.2% for the
GNRI.

Conclusion: The prognostic nutrition index and geriatric nutrition risk index
are associated with 28-day mortality and malnutrition in very elderly patients
treated in the intensive care unit. However, these scorings are not as sensitive
and specific as APACHE Il and SAPS Il scores in predicting 28-day mortality.

ISSN 2663-8851/Copyright © 2023, Asian Association for Frailty and Sarcopenia and Taiwan
Association for Integrated Care. Published by Full Universe Integrated Marketing Limited.

1. INTRODUCTION

we will meet more patients over 80 years of age in
intensive care units.”

Very elderly patients are increasing proportionally

among patients treated in intensive care units." With
the increase in life expectancy, it is predicted that

Negative changes occur in body composition, organ
functions, adequate energy intake and access to food
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with aging.’ These changes cause malnutrition in very
elderly patients. Developing malnutrition is one of
the main causes of fragility in these patients. Nutrition
indices are used to evaluate this frailty and the
prognosis of the patient.* The prognostic nutritional
index (PNI) reflects the immunological nutritional
status calculated by serum albumin level and
lymphocyte count.” Albumin and lymphocyte, which
are used in calculating the prognostic nutritional
index, which shows the nutritional status, are also
parameters that can be used to predict mortality as
they reflect the immune and inflammatory status of
the patients. In a study including Covid 19 patients,
it was stated that the sensitivity of the PNI index in
predicting mortality was 72% and the specificity was
84%.° The geriatric nutritional risk index (GNRI) was
developed as a simplified malnutrition screening
tool based on serum albumin and body mass index
(BMI).” Similar to the prognostic nutrition index, it
has been reported in the literature that albumin and
body max index, which are used in GNRI calculation,
are strong mortality markers.® In a study that included
patients with colorectal cancer, it was reported that
the sensitivity of GNRI for mortality was 89%, and the
specificity was 79.6%.”

Acute Physiology and Chronic Health Evaluation I
(APACHE Il) and Simplified Acute Physiology Score
[l (SAPS Il) are scores developed and widely used to
predict mortality and prognosis of critically ill patients
in intensive care units.”” In a study including 615
intensive care patients, the sensitivity for APACHE I
in predicting mortality was 77.5%, the specificity was
70.9%; For saps ii, the sensitivity was 80.6% and the
specificity was 74.8%."

Many parameters are needed to calculate these
scores.”” Fewer parameters are required in the
calculations of PNI and GNRI scores, and therefore
it is easier to calculate PNI and GNRI scores. The
role of PNI and GNRI scoring in predicting 28-day
mortality and prognosis, especially in very elderly
critical patients, and comparative studies with indexes
used to predict mortality in critically ill patients such
as APACHE/SAPS are limited in the literature. For this
purpose, we aimed to association the PNI and GNRI
indexes with 28-day mortality critically very elderly
patients and compare these indexes with APACHE I
and SAPS Il scores.

2. METHODS

This study is a retrospective and observational study.
Retrospective file and laboratory data were scanned
between 2017-2021 in Kastamonu University Training
and Research Hospital, which has 54 intensive
care beds. The criteria for inclusion in the study
were to be aged 85 and >85, to have an acute
ischemic cerebrovascular diagnosis (confirmed by
computerized tomography, magnetic resonance
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and neurological examination) at admission to the
intensive care unit and to have a National Institutes
of Health Stroke Scale (NIHSS) score of two. These
criteria were determined to increase the reliability of
the study and to include similar patients in the study.

Exclusion criteria from the study were to have
leukemia/lymphoma and diagnosed cancer, to have
undergone major surgery in the last 6 months, and to
use drugs that can cause bone marrow depression.
These exclusion criteria were determined because
they may cause errors in the calculation of the PNI
and GNRI indexes.

Between 2017 and 2021, 841 patients aged 85 and
over were followed up in the intensive care unit,
and 189 patients whose data were fully accessible
from their file records were included in the study,
according to the inclusion criteria. The patients who
died within 28 days in the intensive care follow-
ups were determined as the non-survival group,
and the survivors were determined as the survival
group. Demographic data of the patients included
in the study, length of stay in the intensive care unit,
comorbidities, and length of stay in the intensive care
unit were recorded. The neutrophil/lymphocyte ratios
calculated by dividing the neutrophil count by the
lymphocyte number from the laboratory data and the
platelet / lymphocyte ratios calculated by dividing the
platelet count by the lymphocyte count, APACHE II,
SAPS Il, PNI and GNRI index values were recorded
during admission to the intensive care unit.

The PNI was calculated by a formula as follows:

PNI Score: Serum albumin (g/dl) x 10 +
total lymphocyte count (mm?) x 0.005

The patients were evaluated in three groups. '
PNI>38: Normal

PNI of 35-38: Moderate

PNI <35 :Severe risk of malnutrition

The GNRI values of the patients admitted to the
study, serum albumin values from the intensive care
unit admission tests, and body weight/height of the
patients were calculated as follows:

GNRI=Serum albumin (g/dl) x 14.89+41.7 x (body
weight (kg)/ideal body weight (kg)).

The ideal body weight of the patients was calculated
using the Lorentz formula.’

In our study, using albumin and weight loss in the
elderly, GNRI threshold values were calculated as 4
degrees depending on nutrition:*
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GNRI : <8: Major risk

GNRI: 82 to <92: Moderate risk
GNRI: 92 to <98: Low risk
GNRI: >98: No risk the risk

Body Mass Index (BMI) was calculated according to
the following formula:

BMI=weight (kg) / height2 (m?)."

The study was approved by Kastamonu University
Non-Interventional Ethics Committee with decision
number 2020-KAEK-143-133.

2.1. Statistical Analysis

The significance in differences between the means
of two continuous and normally distributed variables
was determined by independent t-test. Non-normal
distributed continuous variables were tested by
Mann-Whitney U test. Pearson’s chi-square test was
applied to determine the relationship in proportions
of categorical variables between two groups. The
optimal cut-off values of continuous APACHE II, SAPS
[, PNI and GNI scores were calculated by applying
the Receiver Operating Curve (ROC) analysis. The
association of independent parameters with survival
was determined by binary logistic regression analysis.
Binary logistic regression with enter method was
used to determine the impacts of age, hospitalization
duration, and other important variables. p <0.05 was
considered as statistically significant. All statistical
analyses were performed using the SPSS 23.00 (SPSS
Inc, Chicago, USA).

3. RESULTS

A total of 189 patients were included in the study.
123 (65.1%) of the patients included in the study
were female and the other participants were male.
The patients (Non-Survival Group) who died within
28 days in the intensive care follow-up were 123
(65.1%) and the Survival Group was 66 (34.9%). The
mean age of survival patients 88.74+3.44 years and
the mean age of non survival patients 88.9+3.19
years. The patients mean age in both groups was
statistically similar. A statistical difference was found
between the groups in terms of albumin (g/dl) (p
<0.001), lymphocyte count (p=0.019) and neutrophil/
lymphocyte (p=0.049) as laboratory data. There was
a statistically significant difference between the two
groups in terms of APACHE Il and SAPS Il scores
p <0.001 for APACHE Il and p <0.001 for SAPS II).
mean values in both scores were higher in the Non-
survival group.

In the statistical analysis performed for PNI and GNRI
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between groups, significant difference was found
between the groups as statistically (p=0.022 for PNI,
p=0.010 for GNRI) mean values in both indices were
lower in the Non-survival group (Table 1).

While 79 (64.2%) of the patients in the Non-survival
group had severe malnutrition according to the PNI
index at admission to the intensive care unit, 30
(45.5%) patients in the Survival group were severely
malnourished. According to the GNRI index, 32 (26%)
of the patients in the Non-survival group were in
severe malnutrition, while 10 (15.2%) of the patients
in the Survival group were in severe malnutrition. It
was statistically significant when the PNI and GNRI
indexes were compared according to the severity of
the patients in both groups (p=0.04 for PNI, p=0.02
for GNRI).(Table 2)

Binary logistic regression analysis with entering
method was used to analyze the risk factors of
mortality in patients. The significant parameters were
entered the logistic model to identify independent
predictors of death.

According to the statistical results analysis; hospital
stay (OR 1.155, Cl 1.093-1.220, p <0.001), APACHE
II (OR 0.903, Cl 0.817-0.999, p=0.048), SAPS Il (OR
0.842, Cl 0.769-0.922, p <0.001) ve PNI (OR 1.097,
Cl 1.007-1.194, p=0.033) parameters were associated
with mortality. (Table 3)

Optimal cut-off values of APACHE II, SAPS II, PNI
and GNRI parameters were calculated by ROC
analysis. ROC curves are shown in Figures 1 and 2.
The areas under the curve (AUC) of APACHE I, SAPS
I, PNI, and GNRI are 0.817, 0.826, 0.600, and 0.615,
respectively (Table 3). These scores were potential
mortality predictive biomarkers. As a result of the
statistical analysis, the optimal threshold values
of APACHE Il and SAPS Il were 23.50 and 39.50,
respectively. Sensitivity and specificity were 74.8%
and 69.7% for APACHE Il and 75.6% and 74.3% for
SAPS II.

In addition, the optimal threshold values of PNI and
GNRI were 33.8 and 92.6, respectively. Sensitivity
and specificity were 56.1% and 56.9% for PNI, 60.6%
and 60.2% for the GNRI. Although the sensitivity
and specificity of these two indexes were not as
high as the APACHE Il and SAPS Il scores, they were
statistically significant (Table 3).

4. DISCUSSION

This study is one of the rare studies conducted on
very elderly critically patients and data of this patients
revealed the relationship between PNI and GNRI
indices and 28-day mortality. Moreover, according to
these indexes, when very elderly patients admitted
to intensive care units, more than half of them had
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malnourished . However, this study shows that PNI
and GNRI are not as sensitive and specific as APACHE
[l and SAPS Il scores in predicting 28-day mortality.
Sensitivity and specificity were 74.8% and 69.7%
for APACHE Il and 75.6% and 74.3% for SAPS II.

Sensitivity and specificity were 56.1% and 56.9% for
PNI, 60.6% and 60.2% for the GNRI.

Immune system and inflammatory responses play
a role in the pathophysiology of ischemic stroke.'

Table 1. Sosyo-demographics and biochemical characteristics of patients regarding to mortality (n=189)

Variables Total n=189 Non-survival Group Survival Group n=66
M<SD n=123 (65.1%) M+SD (34.9%) M+SD
Age(years) 88 (86-91)* 88 (86-91)* 88 (86-91.25)* U=3881 0.559
S— Female 123 (65.1%) 80 (65%) 43 (65.2%)
Male 66 (34.9%) 43 (35%) 23 (34.8%) X’=0.000 0.98

Hospitalization duration 12 (b-27)* 8 (8-14)* 37 (19.25-58)* U=1042 <0.001
BMI 22.69+3.09 22.51£3.22 23.05+2.82 t=-1.13 0.259
APACHE I 27.02+8.31 30.13+8.15 21.21+£4.72 t=9.52 <0.001
SAPS II 41.25+9.33 45.03+7.36 34.21+8.55 t=9.09 <0.001
Albumin(g/dL) 3.28+0.65 3.20+0.65 3.43+0.64 t=-2.30 0.022
CRP(mg/1) 5.5 (3.8-8.3)* 5.81 (3.77-8.7)* 4.90 (3.87-8.15)* U=3980.5 0.827
LDL(mg/dL) 105.05+35.61 101.85+35.01 110.99+36.21 t=-1.69 0.093
HDL(mg/dL) 43.51+9.97 43.15+9.36 44.17+11.07 =-0.67 0.504
Triglyceride(mg/dL) 108 (79.4-144.7)* 105.00 (78-144)* 112.95 (85.85-145)* U=3888 0.633
Total Cholesterol (mg/dL) 153.65+45.67 149.75+46.10 160.91+44.30 t=-1.61 0.110
Creatinine(mg/dl) 1.14 (0.89-1.4)* 1.2 (0.9-1.4)* 1.1 (0.83-1.36)* U=3516 0.130
Glucose (mg/dL) 132 (110.5-169.5)* 135.00 (110-172)* 131.00 (112.5-168.2)* U=3873 0.604
White Blood Cell(10%ul) 10.00 (7.8-11.4)* 10.07 (7.7-11.4)* 9.82 (7.9-11.32)* U=4037 0.951
Platelet(10%/ul) 208.15+75.41 200.89+46.10 160.91+44.31 t=-1.82 0.071
Haemoglobin (g/dL) 12.90 (12.5-14)* 13 (12.6-14)* 12.85 (12.4-13.92)* U=3717.5 0.340
Neurophil(10%ul) 6.10 (5.3-6.65)* 6.10 (5.25-6.6)* 6.13 (5.45-6.7)* U=3982.5 0.831
Lymphocyte(10%/ul) 1.70+0.72 1.61+0.72 1.87+0.69 t=-2.35 0.019
N/L 3.82 (2.36-5.26)* 4.03 (2.39-5.37)* 3.09 (2.28-4.63)* U=3352 0.049
P/L 124.5 (88.83-178.35)* 128.88 (90.5-182.6)* 120.81 (88.5-172.8)* U=3851 0.562
RDW(%) 14.7 (14.15-15.05)* 14.80 (14.1-15.1)* 14.65 (14.2-15)* U=3952 0.766
PNI 32.83+6.56 32.04+6.54 34.32+6.40 t=-2.30 0.022
GNRI 91.91+11.27 90.36+11.44 94.77+10.42 t=-2.60 0.010

*Median of variables
BMI: body mass index, CRP: c-reactive profein, N/L: Neutrophil Lymphocyfe Rafio, P/L: Plafelet Lymphocyte Ratio, PNI: Prognostic Nufritional Index, GNRI:

Geriatric Nufrition Risk Index, RDW: Red blood cell distribution width, APACHE: Acute Physiology and Chronic Health Evaluation, SAPS: Simplified Acute

Physiology Score

Figure 1. ROC curve of APACHE Il and SAPS Il variables

Figure 2. ROC curve of PNI and GNRI variables
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In particular, neutrophils, lymphocytes and their
subtypes as inflammatory markers are effective in
the pathophysiology of ischemic stroke. In ischemic
stroke, especially low lymphocyte counts and high
neutrophil counts have been associated with the
severity of ischemic stroke." In recent studies, it has
been suggested that the neutrophil-lymphocyte ratio
is a predictor of poor prognosis in ischemic stroke and
has been associated with a poor 3-month prognosis.'
In our study, we found that lower lymphocyte
count and higher neutrophil-lymphocyte ratio were
significant in terms of 28-day mortality in data elder
patients with ischemic stroke. These values were in
agreement with previous studies.

As an objective nutritional marker, the prognostic
nutritional index (PNI) is an index that is easy to
calculate using the serum albumin concentration and
lymphocyte count routinely checked in blood tests."”
PNI was first recognized as an effective predictor of
postoperative complications after surgery. Later, it
was accepted as a predictive nutritional marker in
various malignancies such as stomach and breast

Table 2. Baseline characteristics of patients regarding to mortality

Varables |\ 1651000 () | 1-06 (345%) 1 )

Hypertension
Yes 67 (54.5) 39 (59.1) 0.372 0.54
No 56 (45.5) 27 (40.9)

Diabetes Mellitus
Yes 48 (39) 21 (31.8) 0.962 0.32
No 75 (61) 45 (68.2)

Hyperlipidemia
Yes 18 (14.6) 14 (21.2) 1.321 0.25
No 105 (85.4) 52 (78.8)

Coronary Failure
Yes 56 (45.5) 21 (31.8) 3.344 0.06
No 67 (54.5) 45 (68.2)

Atrial Fibrillation
Yes 48 (39) 24 (36.4) 0.129 0.72
No 75 (61) 42 (63.6)

Coronary artery Disease
Yes 45 (36.6) 14 (21.2) 472 0.03
No 78 (63.4) 52 (78.8)

PNI
1 severe 79 (64.2) 30 (45.5)
2 moderate 20 (16.3) 15 (22.7) 6.327 0.04
3 absent 24 (19.5) 21 (31.8)

GNI
1 severe 32 (26) 10 (15.2)
2 moderate 58 (47.2) 24 (36.4)
3 mild 8 (6.5) 8(12.1) 9297 0.02
4 absent 25 (20.3) 24 (36.4)

PNI: Prognostic Nuiritional Index, GNRI: Geriatric Nuirition Risk Index

cancer.'®” In some studies, it has been reported that
PNI as a nutritional marker is associated with clinical
prognosis in patients with coronary artery disease
and cardiovascular diseases, including heart failure.”
Recently, PNI has been investigated in different
patient groups; Toya et al. reported that PNI was an
independent factor for survival in elderly patients over
85 years of age with early gastric cancer and treated
with gastric endoscopic submucosal dissection, while
Hu et al. reported that PNI index was independently
associated with the severity of Covid 19 disease in a
study including Covid 19 patients.”"* In our study,
which included very elderly patients with ischemic
cerebrovascular disease, we found that the PNI index
was associated with short-term mortality (28-day
mortality) in line with other studies in the literature.

The GNRI is an index based on measurements
of serum albumin and weight loss, which are
strong independent risk factors for mortality in
the elderly.”>* The first study to determine the
relationship between GNRI and the risk of nutritional
morbidity and mortality in geriatric patients was the
study by Bouillanne et al. As a result of this study,
it was stated that the GNRI index is a more reliable
prognostic factor instead of evaluating albumin alone
or BMI alone in terms of mortality and morbidity in
geriatric patients.” After this study, the GNRI index

Table 3. Logistic regression for prognostic factors, Areas under the
curve (AUC) of Apache II, Saps II, PNI and GNRI variables, Cut-off,
sensitivity, specificity and Youden index of APACHE II, SAPS I, PNI
and GNRI variables

95% CI for HR

Variables B

Lower | Upper
Constant -7.045 7.337 0.337 0.001
Age 0.109 0.079 0.168 1.115 0.955 1.302
HOSPIIZANON 0144 0028 <0001 1.155 1093 1.220
APACHE II -0.102  0.051 0.048 0.903 0.817 0.999
SAPS Il -0.172  0.046 <0.001 0.842 0.769 0.922
PNI 0.092 0.043 0.033 1.097 1.007 1.194

Asymptotic
Variables Asymptotic Sig. 95% Cl
APACHE Il 0.817 0.03 <0.001 0.758 0.875
SAPS II 0.826 0.032 <0.001 0.764 0.888
PNI 0.600 0.044 0.024 0.514 0.685
GNRI 0.615 0.043 0.009 0.5632 0.698

Variables Cut-off | Sensifvty (%) | Specificity (%) | Youden Index
APACHE Il 235 748 69.7 0.45
SAPS Il 395 756 74.2 0.5

PNI 33.8 606 60.2 0.21
GNRI 926  56.1 56.9 0.13

PNI: Prognostic Nutritional Index, GNRI: Geriatric Nufrition Risk Index,
APACHE: Acute Physiology and Chronic Health Evaluation, SAPS:
Simplified Acufe Physiology Score
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was evaluated in terms of mortality and morbidity
in different patient groups. Kinugasa et al. reported
that the GNRI index predicted mortality in their
study of 152 patients with heart failure.”® Yuan et al.
stated that the GNRI index is a potential prognostic
factor in Covid-19 patients in a study that included
only Covid-19 patients.”® Su et al., in their study on
patients with moderate and severe traumatic brain
injury, stated that GNRI is an independent risk factor
for mortality.”” In our study, similar to the literature,
GNRI index was statistically significant in terms of
28-day mortality in elderly patients with ischemic
stroke.

Malnutrition may become more evident in elderly
patients due to the factors brought about by
aging.’ In the study of Yuan et al. investigating the
relationship between malnutrition and long-term
mortality in elderly patients with ischemic stroke;
according to the PNI index in the mortal patient
group, 20% of them are in severe malnutrition;
according to the GNI index, it was reported that
6.3% of them were in severe malnutrition.”® In our
study, on the other hand, in the nonsurvival group,
26% according to the PNI index and 64% according
to the GNRI index were in severe malnutrition.
These results were higher than the study of Yuan
et al. While the patients who participated in the
study of Yuan et al. were 65 years and older and the
average age was 71, very old patients (85 years and
older) were included in our study and the average
age was 88. We think that the reason for the high
number of patients with severe malnutrition in our
study is that our patient group consisted of very
elderly patens. These results indicate that there is a
higher rate of malnutrition in the very eldery patient
patients.

5. CONCLUSION

Recently, the number of very elderly patients treated
in intensive care units has increased compared to the
past. It is obvious that we will encounter more of this
patient group in intensive care units in the future.
Since PNI and GNRI indices are easily calculable
parameters, these indices are prognostic factors
that can be used to predict 28-day mortality and
evaluate malnutrition in very elderly patients treated
in intensive care units. However, these indexes are not
as sensitive and specific as the APACHE Il and SAPS ||
scores in predicting 28-day mortality.
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