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for oxidative stress response when it is decided to transfer patients from the
emergency room COVID-19/area to the COVID-19 /service, at the time of
admission to intensive care unit due to arterial oxygen partial pressure (PaO2
mmHg) to fractional inspired oxygen (FiO2) < 200 mmHg, at the time of
discharge from intensive care unit and exitus.

Results:It was found that the mean age of the survivors was significantly
lower than those who had died (p = 0,016). In Post-hoc analysis, the platelet-
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Conclusion: The clinical use of the platelet-to-lymphocyte ratio may be a
suitable marker in geriatric patients for determining disease severity and can
be used as a predictive factor for determining the poor prognosis.
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INTRODUCTION

COVID-19 is a new disease which has become a
global pandemic, and is caused by a novel corona-
virus, the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) (1,2). The disease is still not
very well characterized, and factors associated with
severe clinical course are not well known (1). Coro-
navirus disease has wide clinical parameters that
require intensive care unit, ranging from asympto-
matic carriers to mild pneumonia, respiratory fail-
ure requiring mechanical ventilation, sepsis, septic
shock and multi-organ failure (usually in elderly and
those with comorbidities) (2-4).

The production of reactive oxygen species (ROS)
resulting in oxidative stress has been suggested to
be the main cause of local or systemic tissue dam-
age leading to severe COVID-19 (5).

It is important to identify markers suggestive of
poor prognosis and mortality in COVID 19 patients
in order to achieve important therapeutic goals.
White blood cell (WBC) count, neutrophil-to-lym-
phocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), and serum C reactive protein (CRP), which are
biomarkers of peripheral blood-derived inflamma-
tion, have been investigated as independent pre-
dictors for the prognosis of systematic inflammato-
ry diseases, particularly cardiovascular diseases and
malignancies (6,7). Lymphopenia can be considered
a cardinal laboratory finding with prognostic poten-
tial (8).

It has been suggested that a high platelet/lym-
phocyte ratio may indicate a more pronounced cy-
tokine storm due to increased platelet activation
(3). Therefore, PLR may have prognostic value in
identifying severe cases and is associated with poor
prognosis (8).

Studies provide optimal cutoffs for PLR for hos-
pital stay and mortality in adult COVID-19 patients,
but it is not known whether there are differences
for the geriatric patient group. Identifying these
factors associated with severe COVID-19 will assist
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physicians at all levels of healthcare in determining
the patients for need of home care, hospital care,
and admission to the intensive care unit (ICU). Thus,
more rational use of scarce health care resources
can be prioritized.

In this study, we aimed to investigate the prog-
nostic effects of PLR biomarker in the group of lab-
oratory-confirmed COVID-19 geriatric patients and
compare them with the group of patients under 75
years of age.

MATERIAL AND METHODS
Ethical Approval

The current cross-sectional, retrospective investiga-
tion was conducted in compliance with the Decla-
ration of Helsinki. The study was approved by the
institutional Ethics Committee, which also gave con-
sent for the use of electronic data (decision date:
14.02.2022, number: 26). Throughout the study, the
authors followed good clinical practice guidelines.

Study Design

Three hundred fifty-one patients, who were ad-
mitted to the intensive care unit due to COVID-19
severe ARDS (PaO2/FiO2< 200 mmHg), were eval-
uated retrospectively in this study. Age and gender
were all obtained from the hospital records. Patients
were randomized into 4 groups: Group |: Survivor
75<years, Group II: Survivor 75= years, Group llI:
Died 75< years, Group IV: Died 75> years. The PLR
values were recorded for oxidative stress response
when it is decided to transfer patients from the
emergency room COVID area to the COVID service,
at the time of admission to intensive care unit due
to PaO,/FiO,< 200 mmHg, at the time of discharge
from intensive care unit and exitus.

Inclusion Criteria

Patients above 18 years who were admitted

to the ICU due to COVID-19 severe ARDS (PaQ2/
FiO2< 200 mmHg) were included in this study.
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Exclusion Criteria

Patients below 18 years, patients who did not re-
quire ICU follow-up were excluded from this study.

Statistical Analysis

Statistics were analyzed using SPSS version
21.0 (IBM Corp, Armonk, NY, United States) soft-
ware. Descriptive statistical methods (mean, stand-
ard deviation, median, frequency, percentage, min-
imum, maximum) were used while evaluating the
study data. The normality of the distribution of the
data was investigated with the Kolmogorov-Smirnov
test. Continuous variables were expressed as
Mean+SD, interval variables as median (min, max),
and categorical variables as numbers (percent).
The Kruskal-Wallis test was used for comparisons
between groups of more than two quantitative
variables that did not show normal distribution.
Mann-Whitney U test was used to find the group
that created the post-hoc difference. Mann-Whit-
ney U test was used for comparisons between two
groups of quantitative variables that did not show
normal distribution. Friedmann Test was used in
dependent multiple group analyses. Wilcoxon sign
rank test was applied to the paired groups to find
the group that created the post-hoc difference.
Pearson Chi-square test was used to compare cat-
egorical data. Logistic regression analyzes were ap-
plied to identify factors associated with mortality.
First of all, single logistic regression tests were ap-
plied for factors such as PLR value at hospitalization,
PLR value at admission to intensive care unit, PLR
value at discharge, age, PLR difference between
hospitalization and discharge, and PLR difference
between hospitalization and admission to intensive
care unit. Then, multiple logistic regression analysis
was applied to the significant values. Youden index
was used by performing AUROC analyzes in order
to establish optimal cut-off values for mortality es-
timation. Statistical significance was accepted as
p<0.05.

RESULTS

Within the scope of the study, 351 patients (175
males, 176 females) between the ages of 18-92 were
analyzed for PLR values at the time of admission to
the service, at the time of admission to the intensive
care unit, and at discharge (exitus or discharge). 195
of the patients were under the age of 75 and the
remaining 156 patients were over the age of 75.

In the statistical analysis, it was determined that
the age and PLR values of the data did not comply
with the normal distribution. When the patients who
survived (n=194) and those who died (n=157) were
compared; the mean age of patients who survived
(66.6£17) was found to be significantly lower than
those who had died (71.5+13.3) (p=0.016). There
was no significant difference between survivors and
those who had died in terms of gender (p>0.05).
In terms of PLR levels at the time of admission to
the service; It was found that the PLR level of the
patients who survived (211.2+155.5) was signifi-
cantly lower than that of the patients who had died
(290.5+347.7) (p=0.017).

The difference between admission-discharge
PLR values was found to be significantly high-
er in survivors compared to those who had died
(p=0.019). It was found that the PLR value of pa-
tients at hospitalization were significantly different
between the groups (p=0.040). In Post-hoc analy-
sis, the PLR values at hospitalization of =75 years
old patients who had died (Group V) were found
to be significantly different compared to patients
under 75 years of age (p=0.006) who were survived
and patients aged 75 years and over who had died
(p=0.043). However, the PLR values of =75 years old
patients who had died were similar to <75 years old
patients who had died (p=0.117). (Table 1., Figure
Ta-c.).

In the univariate logistic regression models
made for the research of mortality-related data; only
the PLR value at admission (p=0.01, OR:1.002 95%
confidence interval 1.000-1.003) and age (p=0.004
OR: 1.021 95% confidence interval 1.007-1.036) data
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Table 1. Demographic data and Platelet Lymphocyte Ratios (PLR) of the study population (n=351)

Survivors (Age group) Nonsurvivors (Age group)
Group | Group Il Total Group Il Group IV Total
75< (n=120) | 752 (n=74) (n=194) 75< (n=75) 752 (n=82) (n=157)
Age (in years) (Mean+SD) 56.8+14.0 82.6+4.6 66.6x17 60.7+10.7 81.4+5.3 71.5+£13.3
Gender
Male 65 (%33.5) 37 (%19.3) 102 (%53.1) 38(%36.9) 35(%22.3) 73 (%46.5)
Female (n,%) 55 (%28.6) 37 (%19.3) 92 (%47.9) 37 (%23.6) 47 (%29.9) 84 (%53.5)
Hospitalization PLR(Mean+SD) 209.5+150.4 | 214.6+163.5 | 211.2+155.5 294+455.7 287.4+207,5 290.5+347.7
ICU Admittance PLR (Mean+SD) | 305.7+257.3 | 321.8+300.1 | 312.3£274.4 | 390.5+300.7 335.2+292.2 361.6+296.6
Last Day PLR (Mean=SD) 258.8+169.1 | 295.5+234.3 | 272.9+196.8 | 297.2+285.8 334.2+391.7 316.6+344.6
Figure 1a-c. a.PLR values of the groups at hospitalization, b. Admission, c. Last day
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were found to be associated with mortality. The PLR
values during hospitalization in patients older than
75 years of age, who had died (p=0.022, OR: 1.002,
95% confidence interval 1.000-1.004), and the PLR
values at admission to intensive care unit in patients
younger than 75 years of age, who had died (p=0.04,
OR:1.001 95% confidence interval 1.000-1.002) were
found to be associated with mortality. The PLR value
of the cases with mortality at the time of hospitaliza-
tion was found to be statistically significantly higher
than the cases without mortality (p=0.007; p<0.01).
According to mortality; the cut-off value for PLR at
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the time of admission to the COVID-19 service in
patients 75 years was determined as 411.15 and
over (sensitivity 24%, specificity 95%). On the other
hand, the cut-off value for PLR at the time of ad-
mission to the intensive care unit in patients under
75 years of age was determined as 216.54 and over
(sensitivity 68%, specificity 52%) (Table 2).

For young patients, the area under the curve for
the PLR value at admission to ICU was 0.584 (0.498-
0.669; p=0.049) in ROC analysis.The area under the
curve for the PLR value at hospitalization for all pa-
tients was 0.574 (0.513-0.635; p=0.017). For elderly



DIAGNOSTIC AND PREDICTIVE ROLE OF PLATELET/LYMPHOCYTE RATIO (PLR) IN PREDICTING
OUTCOMES IN ELDERLY COVID-19 PATIENTS (A CROSS-SECTIONAL STUDY)

Table 2. ROC analyzes associated with mortality and optimal cut-off values

AUC ( %95 CI) Cut-off % Sensi- %Speci- p

value tivity ficity
Hospitalization PLR (All Patients) | 0.574 (0.513-0.635) 271.9450 51 64 0.017"
Hospitalization PLR (752) 0.594 (0.505-0.683) 411.1500 24 95 0.043"
ICU Admittance PLR (75<) 0.584 (0.498-0.669) 216.5400 68 52 0.049"
LastDay-Hospitalization PLR 0.573(0.508- 0.637) -3.8550 71 535 0.019"

*p<0.05, CI: Confidence interval, AUC: Area under curve, ROC: Receiver operating characteristic

patients, the area under the curve for the PLR value
at hospitalization was 0.594 (0.505-0.683; p=0.043),
(Figure 2.). The area under the curve for the differ-
ence in PLR value at hospitalization - discharge was
0.573(0.508-0.637; 0.019), (Figure 3.).

DISCUSSION

In this study, the platelet lymphocyte ratio at the
time of hospitalization, admission to the intensive
care unit, and discharge from the intensive care unit

Figure 2. For elderly patients, the area under the curve
for the PLR value at hospitalization (75=) 0.594
(0.505-0.683; p=0,043).
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(exit or discharge) in patients over 75 years of age,
who were hospitalized due to SARS CoV-2 PCR test
positivity within 3 months and then admitted to the
intensive care unit because of moderate-to-severe
ARDS, were compared with patients under 75 years
of age. Optimal cut-off analysis for PLR was per-
formed for disease progression and poor prognosis.

In COVID-19 patients, the lymphocyte count de-
creases and the neutrophil count increases due to
inflammation. Studies have shown that the neutro-
phil lymphocyte ratio (NLR) and platelet lymphocyte

Figure 3. The area under the curve for the difference in
PLR value at hospitalization - discharge was
0.573 (0.508-0.637; 0,019).
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ratio (PLR) reflect inflammation more effectively and
strongly than the individual lymphocyte, platelet,
and neutrophil counts (9).

In the study of Seyit et al. PLR was found to be
156.47 + 11251 in positive SARS CoV-2 patients
(n=110) presenting to the emergency department.
The PLR value was found to be 109.14 + 38.6 in those
who were not infected at the same time. The rate of
decrease in PLR indicates that the decrease in plate-
let count is greater than that of lymphocytes. This
will require greater attention to thrombocytopenia
in the follow-up of COVID-19 patients. The mean
age of the patients in this study was 44.16 + 18.56
years, and 75 of these patients were admitted to
the service (10). In our study, patients with shortness
of breath, respiratory rate >28/min, SaO2 <93% in
room air, PaO2/FiO2 <300, who were admitted to
the hospital due to >50% increase in lung infiltra-
tion within 24 to 48 hours and whose treatment was
appropriate to continue in the service were includ-
ed. Indications for admission to the service are the
same as our protocol. In this study, the cut-off value
for PLR at admission to the service was 102.8 (70%
sensitivity, specificity 52%). In our patient group, the
mean age of surviving patients (66.6+17) was signif-
icantly lower than those who had died (71.5+13.3)
(p=0.016). Of the patients, 195 were under the age
of 75 and 156 were over the age of 75. PLR value
at hospitalization (p=0.01) and age (p=0.004) were
found to be associated with mortality. It was found
that the PLR level at the time of admission to the
service was significantly lower in patients who sur-
vived at the end of study than in patients who had
died (211.2£155.5 vs 290.5+347.7) (p=0.017).

PLR is widely used as a marker of changes in
platelet and lymphocyte counts observed in the
systemic inflammatory response and pro-thrombot-
ic states (6,11,12). In cases accompanied by immune
suppression and thrombosis such as neoplastic,
cardiovascular, inflammatory rheumatic diseases;
changes in PLR have been shown to have high pre-
dictive values in assessing the severity of systemic
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inflammation and response to treatment and have
been associated with poor prognosis (6,7,9,11-14).
Because of the presence of more neutrophils and
fewer lymphocytes in severe COVID-19 patients
than in non-severe patients, markers in routine
blood tests have been the subject of research to
monitor and predict the severity and prognosis of
COVID 19 (14,15).

As in 351 patients (175 males, 176 females)
aged between 18 and 92, whom we included in our
study, coronavirus disease has wide clinical param-
eters that require intensive care unit, ranging from
asymptomatic carriers to mild pneumonia, respira-
tory failure requiring mechanical ventilation, sepsis,
septic shock and multi-organ failure (16).

As mentioned in many studies, coronavirus gen-
erally affects the elderly population (17). On the
other hand, the second step of our study was that
all patients included in the study were admitted to
the intensive care unit due to the development of
one or more of the severe pneumonia, moderate to
severe ARDS, sepsis, septic shock, or multiple or-
gan failure.

In the study of Asghar et al. which included all
patients over the age of 18, the initial PLR value of
the patients hospitalized in the service was found
to be lower than the PLR value of the patients hos-
pitalized in the intensive care unit (169.81+105.30
vs 271.84+179.47). In the same study, the PLR val-
ue of the patients who survived (n=78) was found
to be lower than the patients who died (n=22)
(186.38+130.34 vs 267.11+168.05) (18). These data
were very similar to our study. In our patient group,
PLR values at the time of hospitalization were sim-
ilar in patients over 75 years of age and younger
(287.4+207.5 / 294+455.7 respectively) (p=0.117).
According to mortality, the cut-off point for the PLR
value during hospitalization in patients over 75 years
of age was determined as 411 and above (sensitivity
24%, specificity 95%). It was found that the hospital-
ization PLR values of the patients over 75 years of
age who died (Group IV 287.4+207.5) were signifi-
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cantly different compared to the surviving patients
under the age of 75 (Group | 214.6+163.5). In most
severe cases, different comorbid conditions such
as diabetes, hypertension, heart failure and renal
failure, have been found. The PLR value was found
to be higher in patients with one or more of these
comorbid conditions compared to non-severe pa-
tients (255.8+226.1 vs 436.5+£329.2) (19). In our study,
it was observed that the PLR values in patients over
75 years of age at service admission (p=0.022) and
in patients under 75 years of age at intensive care
unit admission were found to be higher in mortal
patients when compared to survivors (390.5+300.7
vs 305.7+257.3) and found to be related to mortali-
ty. The cut-off value for mortality-related PLR in pa-
tients under 75 years of age was found to be 216
and above (sensitivity 68%, specificity 52%). In the
last laboratory data at the time of discharge from
the intensive care unit or at the time of exitus, which
we took as the endpoint of our study, the final PLR
value of the patients who survived was 272.9+196.8,
while it was 316.6+344.6 for the patients who died.

REFERENCES

1. Satturwar S, Fowkes M, Farver C, et al. Postmor-
tem findings associated with SARS-CoV-2: system-
atic review and meta-analysis. Am J Surg Pathol.
2021;45(5):587-603. (PMID: 33481385).

2. Singhal T. A Review of Coronavirus Disease-2019
(COVID-19). Indian J Pediatr. 2020,87(4):281-6. (PMID:
32166607).

3. QuR, LingY, Zhang YH, et al. Platelet-to-lymphocyte
ratio is associated with prognosis in patients with
coronavirus disease-19. J Med Virol. 2020;92(9):1533-
41. (PMID: 32181903).

4. In: StatPearls. Treasure Island (FL): StatPearls Pub-
lishing; 2022. (Internet). Bookshelf ID: NBK554776
Available from:https://pubmed.ncbi.nlm.nih.
gov/32150360/ Accessed: 13.07.2022.

5. Schénrich G, Raftery MJ, Samstag Y. Devilishly radi-
cal NETwork in COVID-19: Oxidative stress, neutro-
phil extracellular traps (NETs), and T cell suppres-
sion. Adv Biol Regul. 2020;77:100741. doi: 10.1016/].
jbior.2020.100741. (PMID: 32773102).

While the PLR value of the patients over the age of
75 who died was 334.2+391.7; it was found to be
297.2+285.8 in patients under 75 years of age. In
the study of Asghar et al. while the final PLR value
of the patients who survived was 305.63+466.06, it
was found to be 340.48+428.64 in the patients who
died. In that study, the cutoff value for ICU hospi-
talization was 153.65 (sensitivity 72.7, specificity
65.1), while the cutoff value for death was 153.65
(72.7 sensitivity, 59.5 specificity) (18). On the other
hand, ICU admission was associated with mortality
in patients younger than 75 years of age in our study
(cutoff value 216.54, 68% sensitivity, 52% specificity).

CONCLUSION

The clinical use of the platelet-to-lymphocyte ratio
may be a suitable marker in geriatric patients for
determining disease severity and can be used as a
predictive factor for determining the poor progno-
sis.

6. Hu, H., Yao, X., Xie, X. et al. Prognostic value of pre-
operative NLR, dNLR, PLR and CRP in surgical renal
cell carcinoma patients. World J Urol 2017;35(2):261-
270. (PMID: 27255479).

7. Liu' S, Yang M, Zhao Q, Zhang L, Chen Q, Wang Y.
Platelet-to-Lymphocyte Ratio is Associated with the
Mortality in Peritoneal Dialysis Patients. Iran J Kidney
Dis. 2021;15(3):206-12. (PMID: 33994380).

8. Terpos E, Ntanasis-Stathopoulos |, Elalamy |, et al.
Hematological findings and complications of COV-
ID-19. Am J Hematol. 2020;95(7):834-47. (PMID:
32282949).

9. Ozsari S, Ozsari E, Emin Demirkol M. Comparison
of neutrophil lymphocyte ratio, platelet lympho-
cyte ratio, and mean platelet volume and PCR test
in COVID-19 patients. Rev Assoc Med Bras (1992).
2021; 9;67(Suppl 1):40-5. doi: 10.1590/1806-9282.67.
Suppl1.20200630. (PMID: 34259760).

10. Seyit M, Avci E, Nar R, et al. Neutrophil to lympho-
cyte ratio, lymphocyte to monocyte ratio and platelet
to lymphocyte ratio to predict the severity of COV-

557


http://www.ncbi.nlm.nih.gov/books/nbk554776/
https://pubmed.ncbi.nlm.nih.gov/32150360/
https://pubmed.ncbi.nlm.nih.gov/32150360/

Turkish Journal of

GERIATRICS

2022; 25(4): 551-558

1.

12.

13.

14.

558

ID-19. Am J Emerg Med. 2021;40:110-114. (PMID:
333095006).

Hirahara T, Arigami T, Yanagita S, et al. Combined
neutrophil-lymphocyte ratio and platelet-lymphocyte
ratio predicts chemotherapy response and prognosis
in patients with advanced gastric cancer. BMC Can-
cer. 2019;19(1):672. (PMID: 31286873).

Gasparyan AY, Ayvazyan L, Mukanova U, Yessirkepov
M, Kitas GD. The Platelet-to-Lymphocyte Ratio as
an Inflammatory Marker in Rheumatic Diseases. Ann
Lab Med. 2019 ;39(4):345-57. (PMID: 30809980).

Balta S, Ozturk C. The platelet-lymphocyte ratio: A
simple, inexpensive and rapid prognostic marker for
cardiovascular events. Platelets. 2015;26(7):680-1.
(PMID: 25549287).

Serra R, lelapi N, Licastro N, et al. Neutrophil-to-lym-
phocyte Ratio and Platelet-to-lymphocyte Ratio
as Biomarkers for Cardiovascular Surgery Proce-
dures: A Literature Review. Rev Recent Clin Trials.
2021;16(2):173-179. (PMID: 33109051).

15.

Zeng F, Li L, Zeng J, et al. Can we predict the sever-
ity of coronavirus disease 2019 with a routine blood
test? Pol Arch Intern Med. 2020;130(5):400-6. (PMID:
32356642).

Cascella M, Rajnik M, Aleem A, Dulebohn SC, Di
Napoli R. Features, Evaluation, and Treatment of
Coronavirus (COVID-19). 2022. In: StatPearls [Inter-
net]. Treasure Island (FL): StatPearls Publishing; 2022.
Bookshelf ID: NBK554776 (PMID: 32150360).

Li Q, Guan X, Wu P, et al. Early Transmission Dynam-
ics in Wuhan, China, of Novel Coronavirus-Infected
Pneumonia. N Eng J Med. 2020;382(13): 1199-207.
(PMID: 31995857).

Asghar MS, Haider Kazmi SJ, Ahmed Khan N, et al.
Clinical Profiles, Characteristics, and Outcomes of
The First 100 Admitted COVID-19 Patients in Paki-
stan. Cureus. 2020; 12(8):c34. (PMID: 32782891)

Yang AP, Liu JP, Tao WO, Li HM. The diagnostic and
predictive role of NLR, d-NLR and PLR in COVID-19
patients. Int Immunopharmacol. 2020; 84. 106504.
(PMID: 32304994).


http://www.ncbi.nlm.nih.gov/books/nbk554776/

