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ABSTRACT

Objective: In this study, we aim to determine the relation-
ship between neutrophil/lymphocyte ratio (NLR), D-
dimer, and mean platelet volume (MPV) parameters with
mortality and clinical severity in Covid-19 patients.
Materials and Methods: This retrospectively planned
study included Covid-19 patients admitted to the emergen-
cy department between March 2020 and September 2020.
Sociodemographic characteristics, laboratory parameters,
and imaging results of the patients were obtained. The
patients were grouped according to the development of
mortality and clinical follow-up.

Results: Seven hundred patients were included in the
study and the mean age of the patients was 49.1+18.2
years. Mortality developed in 5.4% (n=38) of the patients.
NLR, D-dimer, and MPV levels of patients who devel-
oped mortality were higher than those who survived
(p<0.001; p <0.001 and p=0.035, respectively). In ROC
analysis, >6 NLR levels, >8.45 MPV levels, and >0.57 D-
dimer levels were found to be predictive for mortality
(p<0.001; p=0.019; p <0.001, respectively).

Conclusions: The high NLR, D-dimer, and MPV levels
obtained at the time of admission in Covid-19 patients can
be used as an indicator of mortality. Elevated NLR and D-
dimer levels are useful in determining the severity of the
disease and clinical follow-up.

Keywords: Covid-19, D-dimer, mean platelet volume,
mortality, neutrophil/lymphocyte ratio
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Amag: Bu c¢alismada amacimiz Kovid-19 hastalarinda
notrofil/lenfosit oran1 (NLR), D-dimer ve ortalama trom-
bosit hacmi (MPV) parametrelerinin mortalite ve klinik
ciddiyet ile olan iliskisini tespit etmektir.

Materyal ve Metot: Retrospektif olarak planlanan bu
calismaya Mart 2020 ile Eyliil 2020 tarihleri arasinda acil
servise basvuran Kovid-19 hastalar1 dahil edildi. Hastala-
rin sosyodemografik ozellikleri, laboratuvar parametreleri
ve goriintiileme sonuglari hastanenin elektronik kayit siste-
minden elde edildi. Hastalar mortalite gelisimine ve klinik
takip sekline gore gruplandirildi.

Bulgular: Calismaya 700 hasta alinmis olup hastalarin yag
ortalamasi 49,1+18,2 yildi. Hastalarin %5,4’tinde (n=38)
mortalite gelisti. Mortalite gelisen hastalarin NLR, D-
dimer ve MPV diizeyleri sag kalanlardan daha yiiksekti
(p<0,001; p<0,001 ve p=0,035 sirasiyla). ROC analizinde
>6 NLR diizeylerinin ((%71,05 sensitivite ve %92,15
spesifite; AUC: 0,900 (%95 GA 0,858-0,941, p<0,001)),
>8,45 MPV diizeylerinin (%68,4 sensitivite ve %53,9
spesifite; AUC: 0,601 (%95 GA 0,564-0,638, p=0,019)) ve
>0,57 D-dimer diizeylerinin (%81,6 sensitivite ve %73,9
spesifite; AUC:0,841 (%95 GA 0,812-0,867 p<0,001))
mortalite i¢in belirleyici oldugu goriildii.

Sonug: Kovid-19 hastalarinda bagvuru aninda alinan NLR,
D-dimer ve MPV diizeylerindeki yiikseklik mortalite igin
bir gosterge olarak kullanilabilir. NLR ve D-dimer diizey-
lerindeki yiikseklikler hastaligin ciddiyetini ve klinik takip
seklini belirlemede kullanislidir.

Anahtar Kelimeler: D-dimer, kovid-19, mortalite, notro-
fil/lenfosit orani, ortalama trombosit hacmi
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INTRODUCTION

At the end of 2019, a new coronavirus named 2019
novel coronavirus (Covid-19; SARS-nCoV-2) emer-
ged in Wuhan, China, causing an unusual viral pneu-
monia epidemic. This novel coronavirus disease,
also known as Covid-19, has spread rapidly
worldwide as it is highly contagious.' The ongoing
Covid-19 pandemic has posed an extraordinary
threat to global public health.” Ultimately, on March
11, 2020, the World Health Organization (WHO)
officially described the global Covid-19 outbreak as
a pandemic.’

About 80% of infected individuals have mild to mo-
derate symptoms. The remaining patients may be in
a clinical condition severe enough to require hospita-
lization. Among the severely ill, the most serious
complications are acute respiratory distress syndro-
me (ARDS)/diffuse alveolar damage.*
Neutrophil/Lymphocyte ratio (NLR) is a widely
used marker to evaluate bacterial infections' seve-
rity, define the immune response to stress stimuli,
and may have prognostic value in pneumonia and
malignancies.’ Recent studies have shown that chan-
ges in NLR may damage T lymphocytes caused by
Covid-19, which may be responsible for disease
worsening.® Platelet activation is linked to the pat-
hophysiology of diseases prone to thrombosis and
inflammation.

Studies suggest a relationship between the increase
in mean platelet volume (MPV) and the risk of
thrombosis. D-Dimer is a specific degradation pro-
duct produced in the hydrolysis of fibrin.” It may
reflect the effects of infection on coagulation in in-
fectious diseases. Some studies have reported increa-
sed levels of D-Dimer in patients with pneumonia.®
The level of D-Dimer in critically ill Covid-19 pati-
ents is significantly increased, with frequent coagu-
lation disorders and microthrombotic formation in
peripheral blood vessels.’

In this study, we aim to determine the relationship
between NLR, D-dimer, and MPV parameters with
mortality in Covid-19 patients.

MATERIALS AND METHODS

Ethical Approval: By the Declaration of Helsinki, it
was gotten after the tertiary Training and Research
Hospital ethics committee approval (Dated:
13.01.2021, decision no: 2021/1/19).

Study Population: Patients older than 18 with a po-
sitive PCR test for Covid-19 and a lung computed
tomography who came to the emergency department
of a tertiary hospital between March 2020 and Sep-
tember 2020 were included in the study. Patients
younger than 18 years of age, with pregnancy status,
with a diagnosis of hematological disease, with a
diagnosis of oncological disease, with a diagnosis of
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rheumatological disease, who received immuno-
suppressive therapy, and whose adequate clinical
information, laboratory and imaging data could not
be reached were excluded from the study.

Data Collection: Sociodemographic characteristics
such as age, gender, comorbidity, laboratory values
such as neutrophils, lymphocytes, D-dimer and
MPV, and thorax CT images and comments of the
patients included in the study were obtained from
the electronic registry system of the hospital. The
clinical course of the patients was analyzed from the
electronic record system. Regarding follow-up, the
patients were divided into three groups: outpatients
(discharged from the emergency room), patients
admitted to the service, and patients admitted to the
intensive care unit. As an outcome measure, patients
who developed mortality during the hospital stay
and patients who did not were divided into two gro-
ups. Sociodemographic characteristics and labora-
tory parameters were compared between all groups.
Statistical Analysis: Obtained data were analyzed
using IBM SPSS Statistics 25 and MedCalc statisti-
cal software (version 20; MedCalc Software, Os-
tend, Belgium) package programs. Categorical vari-
ables are expressed as frequency and percentage.
The meantstandard deviation for the numerical vari-
ables that fit the normal distribution, the median
(minimum-maximum) for the variables that did not
include the normal distribution; Student's t-test was
used to compare numerical data with normal distri-
bution in pairwise group comparisons, the Mann-
Whitney U test was used to compare data that did
not fit. The Chi-square or Fisher's exact test was
used to compare categorical data. Kruskal-Wallis's
analysis of variance was used for multiple group
comparisons. Receiver operating characteristics
(ROC) analysis was performed to determine the best
NLR, D-dimer, and MPV levels in evaluating the
mortality. Optimal cut-off values and sensitivity and
specificity values were determined for these measu-
rements. The area under the curve (AUC) and 95%
confidence intervals (CI) are indicated. All statistical
tests were two-tailed, and the statistical significance
level was accepted as p<0.05 for all analyses.

RESULTS

Between the specified dates, the data of 1154 pati-
ents were examined for the study, and a total of 700
patients were eligible for the study after the exclu-
sion criteria were applied. The mean age of the pati-
ents was 49.1 + 18.2 years. The female/male ratio
was 1.2/1. There was at least one other disease in
39% (n=273) of the patients. Mortality developed in
5.4% (n=38) of the patients. Pneumonia was obser-
ved in 58.6% (n=410) of the patients on thorax CT
(Table 1).
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Table 1. Sociodemographic characteristics, laboratory results, and imaging results of the patients.

Characteristic Value
Age (years) Mean + Sd 49.1 £18.2
Female 388 (55.4)
Gender n (%) Male 312 E44.6)
Comorbidity (-) 427 (61.0)
Comorbidity (+) 273 (39.0)
Hypertension 232 (33.1)
Asthma 55(7.9)
Diabetes mellitus 54(7.7)
Comorbidity n (%) COPD 22 (3.1)
Chronic kidney disease 7 (1.0)
Heart failure 5(0.7)
Cerebrovascular disease 4(0.6)
Coronary artery disease 4(0.6)
Other” 6 (0.8)
Mortality (+) n (%) 38(54)
NLR Med (min-max) 2 (0-40)
MPV (fl) Ort £ SS 8.4+1.0

D-dimer (ng/ml) Med (min-max)

Thos €T n 0o )

290 (41.4)
410 (58.6)

0.34 (0.02-35)

* Other; 2 patients with hypothyroidism, 1 patient with pulmonary arterial hypertension, 1 patient with chronic HBV, 1 patient with HCV, 1
patient with arrhythmia; CT: computed tomography; MPV: Mean Platelet Volume; NLR: Neutrophil Lymphocyte Ratio; COPD: Chronic

Obstructive Pulmonary Disease.

The mean age of patients who developed mortality
(75.6 = 10.5) was significantly higher than that of
survivors (47.5 £ 17.4) (p<0.001). It was observed
that patients who developed mortality had a higher
rate of another disease than those who did not
(p<0.001). The median NLR value of patients who
developed mortality was 8.5, while 2 in patients who
did not (p<0.001). The median D-dimer level of

patients who developed mortality was 1.16, while it
was 0.32 in patients who did not (p<0.001). The
median MPV level of patients who developed mor-
tality was 8.6, while it was 8.4 in patients who did
not (p=0.035). All three parameters were statistically
higher in patients who developed mortality than in
those who did not (Table 2).

Table 2. Comparison of demographic, clinical, and laboratory results of groups with and without mortality.

Mortality (+) Mortality (-)
(n=38) (n=662) p
Age (years) Mean = Sd 75.6+10.5 475+17.4 0.0017
Kadin 17 (44.7) 371 (56.0) "
0,

Gender n (%) Erkek 21(55.3) 291 (44.0) 0.173

. Comorbidity (-) 6 (15.8) 421 (63.6) "
0,

Comorbidity n (%) Comorbidity (+) 32(84.2) 241 (36.4) 0.001
ICU (+) n (%) 35(92.1) 23 (3.5) 0.001'"
NLR Med (min-max) 8.5 (2-36) 2 (0-40) 0.001"
MPV (f) Med (min-max) 86(72-10.6)  8.4(0.16-12.40)  0.035"
D-dimer (ng/ml) Med (min-max) 1.16 (0.2-35.0) 0.32 (0.02-9.7) 0.001"
o Pneumonia (-) 2(5.3) 288 (43.5) +

Thorax CT n (%) Pneumonia (+) 36 (94.7) 374 (56.5) 0.001

"Independent samples t test; f1Chi-square test; *Mann Whitney U test; ICU: intensive care unit; CT: computed tomography; MPV: Mean Platelet Volume;

NLR: Neutrophil Lymphocyte Ratio.

When outpatients (discharged from the emergency
room) and inpatients were compared; The mean age
of the patients hospitalized in the ICU was among
the patients hospitalized in the ward; The mean age
of patients hospitalized in the community was also
higher than the mean age of patients discharged
from the emergency department (p<<0.001; for both).
The comorbidities of the patients admitted to the
ICU were more common than those admitted to the
service and discharged from the emergency depart-
ment (Table 3). NLR levels of the patients hospitali-

zed in the ICU were higher than the patients hospita-
lized in the service (p<0.001); NLR levels of hospi-
talized patients were also higher than those dischar-
ged (p<0.001). It was determined that MPV levels
were higher in those who were followed up in the
ICU than those who were discharged (p=0.049) and
were similar among the other groups. Patients admit-
ted to the ICU had higher D-dimer levels than those
released and disclosed to the ward (p<0.001; for
each). The D-dimer levels of the patients who were
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Table 3. Comparison of demographic, clinical, and laboratory results according to the follow-up type of pati-

ents.
Discharged Service admission  ICU admission
(n=342) (n=300) (n=58) P

Age™™ Mean + Sd 40.5° £ 14.1 54.1°£17.2 73.5°+£12.2 0.001"

. Kadin 186 (54.4) 175 (58.3) 27 (46.6) "
Gender n (%) Erkek 156 (45.6) 125 (41.7) 31(53.4) 0.220
Comorbidity n Comorbidity (-) 278 (81.3) 140 (46.7) 9 (15.5) 0.001"
(%) Comorbidity (+) 64 (18.7) 160 (55.3) 49 (84.5) :
**NLR™® 2 (0-26)* 2 (0-28)° 8 (2-40)° 0.001"
*MPV** (f1) 8.4 (0.16-12)* 8.3 (6.5-11.3)° 8.6 (6.8-12.4)°  0.045"
#*D-dimer"™™ (ug/ml) 028 (002807 036(0.04929°  09302:35¢  0.001°

o Pneumonia (-) 225 (65.8) 62 (20.7) 3(5.2) ++

Thorax CTn (%) b ¢ monia (+) 117 (34.2) 238 (79.3) 55 (94.8) 0.001

TOne Way ANOVA test; "'Chi-square test; *Kruskal Wallis test; **Median (minimum-maximum); CT: computed tomography; MPV: Mean Platelet Volume;
NLR: Neutrophil Lymphocyte Ratio; ICU: intensive care unit; Age*®:p<0.001; Age™: p<0.001; Age®: p<0.001; NLR*®: p<0.001; NLR**: p<0.001; NLR"*:
p<0.001; MPV*®: p=0.996; MPV**: p=0.049; MPV"*: p=0.052; D-dimer*®: p=0.003; D-dimer"*: p<0.001; D-dimer**: p<0.001.

followed up in the community were also higher than
those who were discharged (p=0.003) (Table 3).

and a specificity of 92.15% (AUC: 0.900 (95% CI
0.858-0.941, p<0.001)); MPV levels >8.45 were an

In ROC analysis, it was observed that NLR
(p<0.001), D-dimer (p<0.001), and MPV levels
(p=0.035), respectively, were the only determinants
of mortality. Accordingly, NLR levels >6 were an
indicator for mortality with a sensitivity of 71.05%

indicator for mortality with 68.4% sensitivity and
53.9% specificity (AUC: 0.601 (95% CI 0.564-
0.638, p=0.019)), and >0.57 D-dimer levels 81%, It
was found to be an indicator for mortality
(AUC:0.841 (95% CI 0.812-0.867 p<0.001)) with a

Table 4. Diagnostic performance of NLR, MPV and D-dimer on mortality.

AUC Cut-off Sensitivity  Specificity PPV NPV p
value (%) (%) (%) (%)
NLR 0.900 >6.0 71.05 92.15 20.1 98.7  0.001
MPV (fl) 0.601 >8.45 68.4 53.9 7.8 96.7  0.019
D-dimer (ug/ml)  0.841 >().57 81.6 73.9 15.2 98.6  0.001

AUC: Area Under the Curve; PPD: positive predictive value; NPD: negative predictive value; MPV: Mean Platelet Volume; NLR: Neutrophil Lymphocyte
Ratio.
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Figure 1. ROC curve for NLR, MPV, and D-dimer - mortality association.
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sensitivity of 6 and a specificity of 73.9% (Table 4).
The corresponding ROC curve is shown in Figure 1.

DISCUSSION AND CONCLUSION

Due to the rapid spread of the Covid-19 pandemic,
there has been a need to define markers that can be
used in diagnosing the disease, in the follow-up of
its clinical course, and in determining the prognosis.
Because tags that can show disease progression and
severity can enable the identification of high-risk
individuals and the optimal use of resources.
However, the sensitivity of frequently used markers
in clinical practice, such as platelet, hemoglobin,
lactate dehydrogenase, prothrombin time, and tran-
saminases, the diagnosis and severity of Covid-19
needs to be revised.'®!® Therefore, the need to define
easily accessible and widely used laboratory para-
meters arose to predict the disease's severity and
outcome. Therefore, our study aimed to determine
the NLR, D-dimer, and MPV values in the prognosis
and severity of Covid-19.

The mortality rate of the patients included in our
study was 5.4%. Although this rate is consistent with
the literature data, it can be seen as relatively low
since patients in the good clinical condition who are
scheduled to be discharged are also included in the
study. Patients planned for discharge were almost
half of the patients in the study (48.8%). Although
the patients with and without mortality in our study
were similar in terms of gender, it was seen that the
mean age and the rate of having other diseases were
higher in patients who developed mortality fol-
lowing the literature data (Table 1). The relationship
between age, gender, and comorbidity variables with
the way of follow-up of the patients (discharge, hos-
pitalization, and admission to the intensive care unit)
was similar to the relationship with mortality (Table
2). As in other diseases, sociodemographic characte-
ristics are insufficient for managing the disease, and
there is a need to benefit from rapidly accessible and
frequently used laboratory parameters. In this con-
text, we evaluated the NLR, D-dimer, and MPV
parameters we looked at among the groups we for-
med among the patients in our study.

In our study, NLR levels were higher in patients
who developed mortality than in those who did not.
We even found that an NLR level of >6 indicates
mortality, with a sensitivity of 71.05% and a specifi-
city of 92.15%. In a retrospective study of 681 clini-
cally severe Covid-19 patients by Chen et al., it was
reported that the mortality rate was 15.3%, and NLR
levels >6.66 could be a strong indicator of mortality
if myocardial damage is also present.'* In our study,
D-dimer levels were an important prognostic and
clinical severity indicator in patients with Covid-19.
However, many factors or diseases affect D-dimer
levels, and the clinician should be kept in mind for
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the follow-up of patients with Covid-19.

In a prospective study of 61 patients by Liu et al., it
was shown that NLR levels >3.13 were an indepen-
dent factor in predicting critical illness, with a sensi-
tivity of 87.5% and a specificity of 71.7%.° In our
retrospective study, which we conducted with a mo-
re significant number of patients compared to this
study, we found that high NLR levels were a deter-
mining parameter in the follow-up of patients (Table
3). In a prospective cohort study by Zeng et al. with
352 hospitalized and followed-up patients, NLR
levels were reported to indicate clinical worsening. '’
In our study, blood parameters taken at the time of
application were evaluated following the emergency
service practice, but results similar to those of Zeng
et al.'s study on NLR were obtained. In a compila-
tion of 32 studies by Alkhatip et al., more than 7500
patients were evaluated. It was stated that the NLR
level was higher in those with high disease severity
among Covid-19 patients.'® In light of all these data,
NLR levels are a useful parameter in determining
critically ill patients, regardless of study design and
the number of patients.

The uncertainty of the initial phase of the Covid-19
disease and the information supported by the studies
have directed clinicians to study D-dimer examina-
tion from patients even in the early stages of the
pandemic. As a matter of fact, in the study of Santo-
toribio et al., it was reported that D-dimer levels are
a valuable parameter even at the diagnosis stage in
Covid-19 patients.'” In our study, D-dimer levels
were evaluated in terms of the prognosis and clinical
severity of the disease, and we found that D-dimer
levels were higher in patients with mortality than
those who did not (Table 2). It can be thought that
age and comorbidity also contributed to the higher D
-dimer in the mortality group. This situation can be
considered as a limitation of the study. Besides we
found that D-dimer levels had 81.6% sensitivity and
73.9% specificity for values >0.57. In addition, we
found that D-dimer elevation was determinant in the
clinical follow-up of the disease (discharge, service
admission, and admission to the intensive care unit)
(Table 3). In a study by Emin et al., it was reported
that D-dimer levels increased as the disease severity
increased.'® In a study of 248 patients by Yao et al.,
it was reported that high D-dimer levels were an
indicator of mortality.'” Although our study supports
all these literature data, it should be kept in mind
that there may be variability in various hemostasis
parameters, including D-dimer, prothrombin time,
and thrombocytopenia, due to the presence of both
hyperinflammation and coagulopathy in Covid-19
disease.”**' In our study, D-dimer levels were found
to be an important prognostic and clinical severity
indicator in patients with Covid-19. However, we
think that many factors or diseases affect D-dimer
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levels, and the clinician should be kept in mind for
the follow-up of patients with Covid-19.

Among the indicators of the inflammatory response,
MPYV is a strong candidate, and many studies have
evaluated the relationship between inflammation and
MPV.?? Therefore, in our study, we evaluated the
clinical significance of MPV in patients with Covid-
19. Our study found that MPV levels were higher in
the mortality group than in the non-developing
group (p=0.035). However, MPV levels are not a
valuable parameter for the clinical follow-up of the
disease (Table 3). A study by Aydinyilmaz et al.
reported that MPV levels of >10.45 were an indica-
tor of mortality.” In our study, MPV >8.45 fl had a
sensitivity of 68.4% and a specificity of 53.9% for
mortality.

In conclusion, the high NLR, D-dimer, and MPV
levels obtained at the time of admission in Covid-19
patients can be used as an indicator of mortality.
Elevated NLR and D-dimer levels are useful in de-
termining the severity of the disease and clinical
follow-up.
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