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Introduction: Few studies have been conducted to construct a reliable predictive model for the differential diagnosis of severe and non-severe 
Coronavirus disease-2019 (COVID-19) in the early stages of the disease. This study aimed to compare the accuracy of linear discriminate analysis 
(LDA) and binary logistic regression (BLR), as two empirical correlations, in predicting COVID-19 severity using single laboratory data and calculated 
indexes such as the neutrophil-to-lymphocyte ratio (NLR) and systemic immune-inflammation index (SII).
Materials and Methods: We investigated 109 patients with confirmed COVID-19 pneumonia. Epidemiological, demographic, clinical, laboratory, 
and outcome data were obtained, and the patients were classified into two groups: mild group (42 patients) and severe group (67 patients).
Results: A comparison of the clinical data in the severe and non-severe groups showed significant differences in SpO2 and respiratory rate. In 
addition, significant difference in NLR, SII, white blood cell count, neutrophil count, mean corpuscular volume and mean corpuscular hemoglobin, 
lymphocyte count, erythrocyte sedimentation rate, lactate dehydrogenase, and blood urea nitrogen was found between both groups. Moreover, 
there was a small difference between the LDA and LR models, and LDA was more appropriate for a smaller sample size.
Conclusion: Our predictive models could help clinicians to identify patients at risk of severe COVID-19 Such prediction can be performed by a simple 
blood test. LDA and BLR can be used to effectively classify patients with severe and non-severe COVID-19, even with violation of the normality 
assumption.
Keywords: Severe COVID-19, linear discriminant analysis, binary logistic regression, blood test data

Giriş: Şiddetli ve şiddetli olmayan Koronavirüs hastalığı-2019’u (COVID-19), hastalığın erken evrelerinde ayırt etmek için güvenilir bir tahmin modeli 
oluşturmak amacıyla az sayıda çalışma yapılmıştır. Bu makalenin temel amacı, tek bir laboratuvar verileri setini, nötrofil/lenfosit oranını (NLR) ve 
sistemik immün enflamasyon indeksini (SII) kullanarak COVID-19 hastalarındaki hastalık şiddetini ve hafif klinik seyri tahmin etmede; iki ampirik 
bağıntı analiz yöntemi olan doğrusal ayrım analizinin (LDA) ve lojistik regresyonun (LR) doğruluğunu karşılaştırmaktır.

COVID-19 Hastalarıyla İlişkili Laboratuvar Faktörlerinin Değerlendirilmesinde İkili Lojistik 
Regresyon ve Lineer Diskriminant Analizleri: İki İstatistiksel Yöntemin Karşılaştırılması
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Introduction

The novel Coronavirus, named by the World Health Organization 
as Severe acute respiratory syndrome-Coronavirus-2, has 
diffusion worlwide[1]. Coronavirus disease-2019 (COVID‐19) is 
an infectious disease with a high incidence that affects people 
differently and poses a threat to people’s life and health. Of 
patients with novel Coronavirus infections, approximately 81% 
of patients were mild, 14% were severe, and 5% were critical 
cases[2], and severe illness often led to death, based on the 
available infestigations[2,3]. Critically ill patients have a high 
mortality and poor prognosis. Therefore, the early prediction of 
moderate or severe acute respiratory syndrome (ARS) is vital and 
can help  clinicians to reduce the mortality rate[2,4,5].

The neutrophil-to-lymphocyte ratio (NLR) and systemic immune-
inflammation index (SII), as indicators of inflammation and 
immune response, were calculated from a routine blood test[6,7]. 
Neutrophil-to-lymphocyte ratio is known as a risk factor for 
mortality from infectious diseases, malignancies, intracerebral 
hemorrhage, and dermatomyositis[6,8]. Systemic immune-
inflammation index is a prognostic factor in some malignancies 
such as breast cancer, hepatocellular carcinoma, and esophageal 
squamous cell carcinoma[7,9,10]. It has been demonstrated that 
severe and critical ARS cases tend to have higher neutrophil 
counts and lower lymphocyte counts. Several studies suggest 
that NLR and SII are two independent predictors of COVID-19 
progression in the early stages of the disease[3,6,7]. In addition, 
several single laboratory and clinical markers, including 
C-reactive protein, lymphocyte and neutrophil counts, creatine 
phosphokinase, erythrocyte sedimentation rate (ESR), urea, and 
creatinine, have been tested on patients with COVID-19, and 
can also be used for predicting the ARS severity[4,11-14].

Thus far, studies on COVID-19 have focused on the epidemiology 
of the disease, clinical characteristics of patients, and the 
risk factors associated with mortality during hospitalization 

in critical COVID-19 cases. However, few studies have been 
conducted to predict progression among patients in the 
early stages of the disease, and these studies were based on 
calculated indexes or single blood test factors[4,13,15]. This study 
aimed to compare the accuracy of two empirical correlations, 
binary logistic regression (BLR) and linear discriminant analysis 
(LDA), in predicting COVID-19 severity with single laboratory 
and clinical data or indexes calculated from blood tests (NLR 
and SII). Predicting the severity of disease conditions is a binary 
classification problem, and the exact statistical method for data 
fitting is a frequent question for researchers[16]. However, the 
two methods differ in their basic principles. While LR makes 
no assumptions on the distribution of the explanatory data, 
LDA has been developed for normally distributed explanatory 
variables. It is therefore reasonable to expect better results from 
LDA when the normality assumptions are met, although LR is 
more appropriate in all other situations[17]. Therefore, BLR and 
LDA, the two most applicable statistical classifier techniques, 
were used for baseline prediction in this study because of 
the increasing interest in choosing between BLR and LDA for 
biological data analysis. 

Materials and Methods

Data Collection

The participants of the present study were 109 patients 
diagnosed with COVID-19 pneumonia [confirmed by computed 
tomography (CT) and reverse transcriptase-polymerase chain 
reaction (RT-PCR)] in Baqiyatallah hospital between February 
20, 2020 and June 9, 2020 in Tehran, Iran. Epidemiological, 
demographic, clinical, laboratory, and outcome data were 
obtained from the Baghiyatallah laboratory computer system, 
electronic medical records, and interviews with patients. Then, 
the patients were divided into two groups according to the 
severity of the disease. Hence, there was a mild group (consisting 
of 42 patients) and a severe group (consisting of 69 patients).

Gereç ve Yöntem: Doğrulanmış COVID-19 pnömonisi olan 109 hastayı inceledik. Epidemiyolojik, demografik, klinik, laboratuvar ve sonlanım verileri 
elde edildi ve hastalar hafif grup (42 hasta) ve şiddetli grup (67 hasta) olmak üzere iki gruba ayrıldı. Şiddetli ve şiddetli olmayan gruplardaki klinik 
verilerin karşılaştırılması, SpO2 ve solunum hızında önemli farklılıklar gösterdi.
Bulgular: Şiddetli ve şiddetli olmayan gruplar arasında NLR, SII, beyaz kan hücresi sayısı, nötrofil sayısı, lenfosit sayısı, ortalama korpüsküler 
hacmi, ortalama korpüsküler hemoglobin, eritrosit sedimantasyon hızı, laktat dehidrogenaz ve kan üre azotu değerleri açısından önemli farklılıklar 
olduğunu bulduk. Ek olarak, LDA’nın daha küçük bir örneklem büyüklüğü için daha uygun olması şeklinde LDA ve LR modelleri arasında küçük bir 
farklılık saptadık.
Sonuç: Sonuç olarak, tahmin modellerimiz klinisyenlerin COVID-19’un şiddetli seyredeceği hastaları erken belirlemelerine yardımcı olabilir. Bu 
tahmin yalnızca basit bir kan testi kullanılarak elde edilebilir. LDA ve LR, normallik varsayımı ihlal edilse bile şiddetli ve şiddetli olmayan COVID-19 
hastalarını sınıflandırmak için etkin bir şekilde kullanılabilir.
Anahtar Kelimeler: Şiddetli COVID-19, lineer diskriminant analizi, ikili lojistik regresyon, kan testi verileri
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The clinical classification of patients as having severe or non-
severe COVID-19 was established based on clinical signs of 
pneumonia with SpO2 <90% on room air or treatment in the 
intensive care unit.

The proposal of the study was approved by the Research Ethics 
Committee, Baghiyatallah University of Medical Sciences, 
Tehran, Iran (coded: IR.BMSU.RETECH.REC.1399.094). All 
participants signed a written informed consent.

Statistical Analysis

Statistical analyses were performed using IBM Statistical Package 
for the Social Sciences Statistics Software (version 26; IBM, New 
York, USA). Quantitative data were presented as mean±standard 
error. A p value of <0.05 was defined as statistical significance. 
ANOVA and t-test were used to compare groups and means of 
two groups, respectively. For classification, we compared BLR 
analysis with LDA, and the receiver operating characteristic (ROC) 
curve was plotted for each model. In addition, we examined the 
prediction ability of two different independent factors: NLR and 
SII: defined as neutrophil * platelet/lymphocyte), as calculated 
laboratory indexes and single hematological factors (selected 
based on ANOVA).

Binary Logistic Regression Analysis

A type of regression was used to predict probabilities of the 
presence or absence of a particular disease, characteristic, and 
condition. A logistic regression model predicts a dependent data 
variable by analyzing the relationship between one or more 
existing independent variables, and the predicted probability 
must lie between 0 and 1.

Linear Discriminant Analysis

The discriminant analysis focuses on the association between 
multiple independent variables and a categorical dependent 
variable by forming a composite of the independent variables. 
This type of multivariate analysis can determine the extent to 
which any of the composite variables discriminates between two 
or more pre-existing groups of subjects, in addition to deriving 
a classification model for predicting the group membership of 
new observations. The simplest type of discriminant analysis is 
when the dependent variable has two groups. In this case, a 
linear discriminant function that passes through the means of 
the two groups (centroids) can be used to discriminate subjects 
between the two groups.

Receiver Operating Characteristic Curve

For each model, we plotted the corresponding ROC curve. A ROC 
curve graphically displays sensitivity and 100% minus specificity 
(false positive rate) at several cutoff points. By plotting the 
ROC curves for two models on the same axes, we are able to 

determine which test is better for classification, namely, that 
test whose curve encloses the larger area beneath it.

Results

Demographics Data of Patients with Mild and Severe 
COVID-19

The present study included 109 patients with confirmed 
COVID-19 pneumonia (confirmed by CT and RT-PCR) who were 
admitted to Baqiyatallah hospital between February 20, 2020 
and June 9, 2020 in Tehran, Iran. These patients were divided 
into two groups according to their disease severity (mild or 
severe). Table 1 demonstrates the demographic characteristics 
of 109 patients. There were no significant differences in sex, 
age, and BMI between patients with severe or mild COVID-19. 
Patients in the severe group had low SpO2 and were more likely 
to have comorbidities (Table 1). Other characteristics such as 
respiratory rate and blood pressure showed no significant 
difference between both groups.

Table 1. Demographics and baseline characteristics of 
patients with COVID-19

Mild (42) Severe (67)

Sex

Female (N) 16 20

Male (N) 26 47

Age (years) 52.94±2.21 57.83±1.99

BMI 28.52±0.68 27.78±0.65

Hospitalization (days) 5.16±0.47 6.62±0.67

Mortality (%) 0 16.42

Comorbidity (%)

Hypertension 14.92 38.81

Coronary heart disease 11.94 29.85

Diabetes 13.43 28.36

Chronic obstructive lung disease 8.95 13.43

In coming 

SO2 (%) 93.32±0.35 84.89±0.99

Respiratory rate (N) 21.47±0.55 19.13±0.32

Pulse rate (N) 94.11±2.82 99.44±1.66

Systolic pressure 127.85±4.72 127.17±2.26

Diastolic pressure 75.75±2.86 79.78±1.67

During

SO2 (%) 93.68±0.36 89.55±0.92

Respiratory rate (N) 18.50±0.65 18.57±0.46

Pulse rate (N) 91.47±1.99 94.34±1.87

Systolic pressure 123.44±2.33 127.84±2.57

Diastolic pressure 77.06±1.47 77.81±0.89

Data are mean±S.E.

COVID-19: Coronavirus disease-2019, BMI: Body mass index, S.E.: Standard error
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Laboratory Findings of Patients with Mild and Severe 
COVID-19

The patients with severe COVID-19 had higher white blood cell 
and neutrophils counts, mean corpuscular volume (MCV), and 
mean corpuscular hemoglobin (MCH) than those with mild 
COVID-19, with statisitically significant differences (p<0.05) 
(Table 2). In contrast, lymphocyte count was significantly 
reduced in severe COVID-19 patients. Compared with the 
mild group. ESR, lactate dehydrogenase (LDH), and blood urea 
nitrogen were significantly increased in the severe group (Table 
2). Neutrophil-to-lymphocyte ratio and SII as calculated indexes 
showed a significant difference between patients with mild and 
severe COVID-19 (Table 2).

Mathematical Analysis

Using laboratory parameters, five characters of single-factor 
haematologic data were extracted for the first classification. 
Platelet count, MCV, MCH, neutrophil count, and lymphocyte 
count, were compared with two calculated indexes as a second 
classification factor: NLR and SII. These variables were used in 
both discriminant and logistic regression analyses to determine 

the role of single and calculated haematologic data in the 
prediction of disease severity in COVID-19 patients.

Analysis by Binary Logistics Regression

BLR techniques revealed that both analyzed groups were the 
same, and the overall correct prediction rate was 65.1% for the 
calculated index and 67.0% for the haematologic single factors 
(Table 3). Moreover, we observed that the Goodness-of-Fit test 
(Hosmer&Lemeshow) was higher in the haematologic single-
factor classification.

The role of predictors in explaining the outcome, using BLR, is 
reported in Tables 4 and 5.

Wald factor shows the importance of each variable in of 
dependent which higher is better. Therefore, the first model SII 
(Table 4) and the second model neutrophil and platelets (Table 5) 
are more important. In addition, Odds ratio (OR) showed an OR 
for dichotomous predictors to predict the presence of outcomes.

Analysis by Linear Discriminant Analysis

Whereas the overall correct prediction rate was 67.9% for the 
calculated index and 68.8% for the haematologic single-factor 

Table 2. Laboratory findings of patients with COVID-19
Mild (42) Severe (67) p value

WBC* 6.41±0.48 8.68±0.64 0.014

RBC* 5.09±0.11 4.7±0.07 0.006

HB 14.36±0.24 14.21±0.23 0.690

HCT 42.34±0.54 41.31±0.60 0.210

MCV* 84.07±1.23 87.60±0.65 0.014

MCH* 28.51±0.50 30.13±0.32 0.008

Platelets 197.82±8.09 197.20±9.25 0.447

Neutrophil* 67.46±2.70 78.77±2.01 0.001

Lymph* 25.91±2.38 16.19±1.87 0.002

MPV 10.95±0.79 10.03±0.10 0.262

ESR* 36.97±3.90 48.43±2.87 0.016

Blood urea nitrogen* 12.88±0.58 17.24±1.44 0.008

Creatinine 1.00±0.04 1.18±0.09 0.142

SGOT 39.33±2.87 47.46±3.48 0.191

SGPT 38.07±4.13 55.48±6.18 0.104

ALK 177.74±8.76 196.58±9.74 0.289

CPK 156.78±17.80 204.78±19.34 0.324

LDH* 646.41±33.03 834.02±35.70 0.003

CRP 32.28±5.66 42.79±4.24 0.331

NLR* 4.75±0.67 8.67±0.69 0.001

SII* 990.79±157.73 1704.48±167.576 0.000

*: Indicate significant differences between mild and severe groups (p<0.05). Data are mean±S.E. *Platelet/lymphocyte.

WBC: White blood cells, RBC: Red blood cell, HB: Hemoglobin, HCT: Hematocrit, MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin, MPV: Mean platelet volume, 
ESR: Erythrocyte sedimentation rate, SGOT: Serum glutamic-oxaloacetic transaminase, SGPT: Serum glutamic pyruvic transaminase, ALK: Alkaline phosphatase, CPK: Creatine 
phosphokinase, LDH: Lactate dehydrogenase, CRP: C-reactive protein, NLR: Neutrophil-to-lymphocyte ratio, SII: Neutrophil-systemic immune-inflammation index, S.E.: Standard error
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(Table 6), the LDA method revealed that both analyzed groups 
were the same (such as the BLR technique). Moreover, we 
observe that the Goodness-of-Fit test (Hosmer&Lemeshow) was 
higher in the haematologic single-factor classification.

The standardized discriminant function coefficients indicate the 
relative importance of the independent variables in predicting 
the dependent. In contrast, with the BLR method, NLR is 
more important in LDA (Table 7). The large absolute values of 
neutrophils showed the greater discriminating ability of this 
factor (Table 8).

Analysis by Receiver Operating Characteristic Curve

As shown in Figure 1, the ROC curves of the aforementioned 
models clearly indicate that the logistic model is similar to the 
discriminant analysis model. In addition, Table 9, which presents 
the area under the ROC curve (AUC), shows no difference 
between the two techniques used in this study.

Discussion

The current study provided demographic, laboratory, clinical 
data, complications, and outcomes data of hospitalized patients 
with non-severe and severe COVID-19 in Baqiyatallah Hospital, 
Tehran, Iran. More than 50% of the patients in the current study 
were classified as severe cases, which is consistent with Li et 
al.’s[18] study. In accordance with other studies[19,20], our results 
showed that COVID-19 patients with comorbidities such as 
hypertension, coronary heart disease, diabetes, and chronic 
obstructive lung disease are more vulnerable to severe disease. 
Thus, due to the increased rate of mortality in severe patients, 
early identification is vital to increase the treatment efficiency 
of COVID-19 and reducing mortality.

Previous studies demonstrated that increase in neutrophil 
counts and decrease in lymphocyte counts were correlated with 
COVID-19 severity[21,22]. The current study indicated that WBC, 
MCV, MCH, neutrophil, lymphocyte, ESR, blood urea nitrogen, 
and LDH were significantly different between severe and non-
severe patients with COVID-19. Therefore, neutrophil and 
lymphocyte counts, MCV, MCH, and platelets were selected as 
the hematology single predictor factors for severity in this study 

Table 3. Binary logistic regression (comparing systemic 
immune-inflammation index & neutrophil-to-lymphocyte 
ratio as a calculated index with hematology single-factor)

Model 
Sig

Goodness-of-fit test
(Hosmer&Lemeshow)

Correct 
prediction %

Calculated 
index

0.000 18.1 65.1

Single 
hematology 
factors

0.003 78.4 67.0

Table 4. The role of predictors in explaining the outcome 
using binary logistic regression: report of systemic immune-
inflammation index & neutrophil-to-lymphocyte ratio

OR (95% CI) Wald S.E.
SII 1.00 3.41 0.85

NLR 0.85 0.03 0.00

OR: Odds ratio, CI: Confidence interval, SII: Systemic immune-inflammation 
index, NLR: Neutrophil-to-lymphocyte ratio, S.E.: Standard error

Table 5. The role of predictors in explaining the outcome 
using binary logistic regression: report of hematology single-
factor

OR (95% CI) Wald S.E.

Neutrophil 0.940 1.369 0.054

Lymph 0.915 0.397 0.59

MCV 0.996 0.557 0.083

MCH 0.939 0.239 0.183

Platelets 0.964 1.499 0.003

MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin, CI: Confidence 
interval, S.E.: Standard error

Table 6. Linear Discriminant Analysis (comparing systemic 
immune-inflammation index & neutrophil-to-lymphocyte 
ratio as a calculated index with hematology single-factor)

Wilks 
lambda F

Correct 
prediction 
%

Calculated index 0.880 12.83 (0.0) 67.9

Single hematology factors 0.848 1.878 (0.25) 68.8

Table 7. The role of predictors in explaining the outcome 
using linear discriminant analysis report of: systemic immune-
inflammation index & neutrophil-to-lymphocyte ratio

Unstandardized 
coefficients

Standardized 
coefficients

SII 0.000 0.104

NLR 0.174 0.913

SII: Systemic immune-inflammation index, NLR: Neutrophil-to-lymphocyte ratio, S.E.: 
Standard error

Table 8. The role of predictors in explaining the outcome 
using linear discriminant analysis report of: hematology 
single-factor

Unstandardized 
coefficients

Standardized 
coefficients

Neutrophil 0.078 1.331

Lymph 0.044 0.692

MCV 0.063 0.410

MCH 0.089 0.257

Platelets 0.004 0.313

MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin
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and compared with NLR and SII as calculated haematologic 
factors. For these reasons, the present study compared logistic 
regression and LDA to investigate the accuracy of the applied 
classifications in order to make the choice between the 
methods easier. The methods do not differ in their functional 
forms. It seems that the advantages of LDA or LR depend on 
the sample size and normality of variables[16,17,23]. Our results 
showed that both logistic regression and discriminant analyses 
converged in similar results. Both methods estimated the same 

statistically significant coefficients. This study is consistent 
with other studies that performed BLR and LDA to examine 
the effects of sample sizes. Pohar et al.[17] revealed that the 
correct classification was achieved for a sample size of more 
than 50. However, they concluded that the correct classification 
is sensitive to the assumption of normality, and that the LDA 
model performed better with a sufficiently large sample size. 
This report was confirmed by Musa et al.[16], who demonstrated 
that the differences between the two methods are negligible 
for a sample size of more than 100 members. Although, ROC 
curve analysis and the AUC are considered as another helpful 
parameter for evaluating the quality of the LDA and BLR, the 
result of the ROC curves of the present study showed a small 
difference in AUC between LDA and BLR. These results are in 
agreement with other studies which showed that the AUC was 
similar for both models[23].

As mentioned above, in LDA and BLR analysis, single and 
calculated haematologic factors were associated with COVID-19 
severity. The result of LDA and BLR analysis revealed the small 
difference in overall correct prediction between both analyzed 
groups, although this factor was higher for single hematology 
factors (Tables 3, 6). Our data suggest that neutrophil, 
lymphocyte, MCV, MCH, and platelets should be considered 
to evaluate severity in patients with the novel Coronavirus, 
especially the differences in neutrophils between the severe 
and non-severe groups (Tables 5, 8). Although the role of single 
factors predictors in explaining the outcome using LDA or BLR 
were consistent, we observed a dissimilarity in the role of the 
calculated haematologic factors between the two methods. In 
contrast, with the BLA method, NLR was more important in LDA 
(Tables 4, 7). Regarding the basic principles of the two methods, 
LDA was developed for normally distributed variables[17,23]; 
thus, it is expected to be more appropriate when the normality 
assumptions are met.

The limitation of this study is the small sample size. Therefore, 
future studies should be performed with a larger number of 
participants.

Conclusion

Our prediction models could help clinicians to early identify 
patients at risk of severe COVID-19, and this prediction can 
be conducted using a simple blood test. LDA and BLR can be 
used to effectively classify patients with severe and non-severe 
COVID-19, even with violation of the normality assumption.
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Figure 1. ROC curve comparing the potential of different variables 
for predicting severe COVID-19. A) Binary logistic regression; B) 
Linear discriminant analysis

ROC: Receiver operating characteristic, COVID-19: Coronavirus 
disease-2019

A

B

Table 9. Area under the curve
Test result variable(s) Area (LDA) Area (BLR)

Indexes 0.726 0.726

Single factors 0.720 0.722

LDA: Linear discriminate analysis, BLR: Binary logistic regression
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