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Objective: Coronavirus disease 19 (COVID-19) caused by the highly pathogenic SARS-CoV-2, was first reported
from Wuhan, China, in December 2019. The present study assessed possible associations between one-month
mortality and demographic data, SpO2, underlying diseases and laboratory findings, in COVID-19 patients.
Also, since recent studies on COVID-19, have focused on Neutrophil-to-lymphocyte ratio (NLR) as an indepen-
dent risk factor of the in-hospital death and a significant prognostic biomarker of outcomes in critically ill pa-
tients, in this study, we assessed predictive potential of this factor in terms of one-month mortality.
Methods: Patients admitted to Imam Reza hospital, affiliated to Mashhad University of Medical Sciences, Mash-
had, Iran, from March to June 2020, with positive RT-PCR results for SARS-CoV-2, were included in this study.
Kaplan-Meier survival analysis and Cox proportional hazard model were used to respectively estimate one-
month mortality since admission and determine factors associated with one-month mortality.
Results: In this retrospective cohort study, 219 patients were included (137 men and 82 women (mean age
58.2 ± 16 and 57 ± 17.3 years old, respectively)). Hypertension, ischemic heart disease and diabetes were re-
spectively the most common comorbidities. Among these patients, 63 patients were admitted to the ICU and
31 deaths occurred during one-month follow-up. With respect to mean peripheral capillary oxygen saturation
(SpO2), 142 patients had SpO2 ≤ 90%. Based on our analysis, older age and increased Neutrophil-to-lymphocyte
ratio (NLR), andWhite blood cells (WBC) count were associatedwith increased risk of one-monthmortality. Pa-
tients with SpO2 ≤ 90% had a 3.8-fold increase in risk of one-month death compared to those with SpO2 > 90%,
although the difference did not reach a significant level.
Conclusion: Multivariate analysis introduced age, WBC count, and NLR as predictors of one-month mortality in
COVID-19 patients.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

Severe Acute Respiratory Syndrome Coronavirus 2 (COVID-19)
emerged in late December 2019 inWuhan, China and TheWorld Health
Organization, on March 11, 2020, called the outbreak a pandemic [1].
COVID-19 is caused by novel SARS-CoV-2 (Severe acute respiratory
syndrome coronavirus 2) which is a β-coronavirus [2,3] and share sim-
ilar symptoms such as cough, fever, dyspnea and breathing problems
and in severe cases, pneumonia, severe acute respiratory syndrome
(SARS), renal failure and death, with SARS-CoV infection [4]. COVID-
19 patients may suffer from respiratory distress (as the most
pital, Mashhad, Iran.
radi).
characteristic symptom) and spontaneous breathing becomes impossi-
ble for most of ICU-admitted patients. Besides, neurological sequelae
such as headache, nausea and vomitingwere reported [5]. Based on pre-
vious reports, 14% of patients showed serious COVID-19-associated
pneumonia, one in 20 patients required intensive care [6] and in nearly
66% of severe and critically ill cases, death occurred [3,6,7].

High fatality rates in severely ill patients indicate that in spite of
receiving intensive care, death occurs [3,6,7]; besides, fast spread
of the disease raises concerns over the need for intensive care that
may overwhelm health care system resources [8]. In order to make
ideal treatment decisions, prognostic predictors of mortality in pa-
tients with COVID-19 should be identified to help in evaluation of
the condition severity. Concerning the blood cells, lower WBC
(white blood cells) and lymphocytes but higher neutrophil counts
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were found in COVID-19 patients, compared to the normal range
[9,10]. With respect to biochemical indices, in comparison to non-
ICU patients, it was found that higher levels of lactate dehydroge-
nase (LDH) were associated with increased rate of ICU admissions
[11]. In case of SARS-infected patients, biochemical analyses showed
higher levels of C-reactive protein (CRP), aminotransferase, LDH and
creatine kinase [12]. Significantly increased levels of LDH were also
shown in COVID-19 patients [13]. In term of patient's age, a report
from China revealed a higher risk of severe COVID-19 outcomes
and death in elderlies, especially subjects with serious underlying
diseases, compared to younger individuals; based on this report,
81% of Chinese cases who had mild conditions and 80% of patients
who died due to COVID-19, were > 60 years old [14]. Similarly, a pre-
liminary report (based on data from February 12 to March 16, 2020)
from the US showed a high mortality (10–27%) in patients aged ≥85
followed by individuals aged 65–84 years (3–11%) [1].

Bearing inmind the fact that critical care resources are restricted, it is
of crucial importance to recognize trustworthy predictors for survival in
COVID-19patients. In this study,we assessed associations between one-
monthmortality and clinical/demographic/biochemical data, to identify
potentially reliable prognostic indicators for the disease, in COVID-19
patients admitted to Imam Reza hospital, Mashhad, Iran, during a 3-
month (March to June 2020) period. Particularly, since recent studies
on COVID-19, have focused on Neutrophil-to-lymphocyte ratio (NLR)
as an independent risk factor of the in-hospital death [15] and a signif-
icant prognostic biomarker of outcomes in critically ill patients [16], in
this study, we investigated predictive potential of this factor in terms
of one-month mortality.
Table 1
Demographic data, comorbidities, physical examinations results, blood cells counts and
hospital stay data of patients with COVID-19 associated pneumonia, grouped in two
groups based on oxygen saturation levels at admission

SpO2 ≤ 90%
(N = 142)

SpO2 > 90%
(N = 77)

P value

A. Demographic variables
Age (years old) 62 (53–75) 48 (37–60) <0.001
Male 86 (60.6) 51 (66.2) 0.4
B. Past medical history
Hypertension 65 (45.8) 20 (26) 0.004
Ischemic heart disease 35 (24.6) 11 (14.3) 0.07
Diabetes mellitus 55 (38.7) 28 (36.4) 0.7
Hyperlipidemia 27 (19) 15 (19.5) 0.9
Asthma 6 (4.2) 3 (3.9) 0.9
COPD 12 (8.5) 3 (3.9) 0.2
Smoker 15 (10.6) 8 (10.4) 0.9
Addiction 8 (6.3) 3 (4.1) 0.7
C. Physical examinations
Temperature 37.3 (37–38) 37.4 (37–38) 0.7
Heart rate 95 (84–110) 96 (86–107) 0.8
Respiratory rate 25 (22−30) 21 (18–27) <0.001
Systolic blood pressure 133 (120–149) 130 (120–149) 0.4
Diastolic blood pressure 80 (75–90) 80 (75–87) 0.6
D. Laboratory tests results
WBC count 7.4 (5.7–10.8) 6.4 (4.3–9) 0.02
Neutrophil count 5.7 (4.15–9.5) 4.8(3.09–6.8) 0.007
Lymphocyte count 1.03 (0.78–1.3) 1.1 (0.76–1.6) 0.3
NLR 5 (3.7–8.5) 4.1 (2.6–6.7) 0.008
E. Hospital stay variables
Hospital stay (days) 9 (5.5–14) 7 (5–11) 0.01
ICU admission 55 (39) 8 (10.4) <0.001
ICU stay (days) 6 (4–10) 4 (3−10) 0.6

COPD: Chronic obstructive pulmonary disease; ICU: Intensive care unit; WBC: White
blood cells; NLR: Neutrophil-to-lymphocyte ratio; SpO2: Peripheral venous blood oxygen
saturation value.
Values are reported as median (IQR) or number (%).
2. Methods

The present retrospective cohort was approved by Ethics committee
of Mashhad University of Medical Sciences (approval No. IR.MUMS.
REC.1399.202). Data collection was performed based on retrospective
medical chart reviews method [17]. Some strategies suggested by Gil-
bert et al. (1996), were used to achieve a “well-conducted” chart re-
views. In this study, 219 individuals (of both sexes) diagnosed with
COVID-19 (based on a polymerase chain reaction (PCR) positive test),
referring to Imam Reza hospital, affiliated to Mashhad University of
Medical Sciences, Mashhad, Iran, from March to June 2020, were in-
cluded in this study, based on the inclusion criteria.

The inclusion criteria were as follows: (1) being a PCR-confirmed
COVID-19 case and (2) being admitted to hospital due to COVID-19. A
trained researcher whowas blind to the study hypothesis, extracted pa-
tients' information from the hospital information system (HIS) and
completed a checklist for each patient. A second researcher monitored
all completed checklists and excluded missing data.

Demographic data (age and sex), medical history (e.g. diabetes
mellitus, asthma, chronic obstructive disease (COPD), hypertension, is-
chemic heart disease (IHD) and cancer), and at-admission data in
terms of body temperature, heart rate, respiratory rate, systolic blood
pressure (SBP), diastolic blood pressure (DBP) and peripheral venous
blood oxygen saturation value (SpO2), were recorded using the check-
list. Also, assess one-month mortality among these patients was
assessed with follow-up by phone call. Since the oxygen saturation
level is regarded as one of the factors associated with in-hospital mor-
tality in patients with COVID-19, we divided the patients in two groups
based on at-admission peripheral venous blood oxygen saturation value
(SpO2) namely, SpO2 ≤ 90 and SpO2 > 90 and analyzed the data.

NLR was reported as a prognostic marker in COVID-19 patients by
previous reports [18,19]; one of these studies indicated that an NLR
cut-off value higher than 3.3 is independently associated with more se-
vere COVID-19 compared with those with NLR < 3.3 [19]. Thus, in the
present study, COVID-19 patientswere also categorized into two groups
based on at-admission NLR (≥3.3 or < 3.3).
12
2.1. Statistical analysis

Continuous data are reported as median and interquartile
range (IQR), and categorical data are expressed as frequency and per-
centage. Man-Whitney and Chi square tests were done to respectively
compare continuous and categorical data between the two groups
(patients with SpO2 values >90% vs those with SpO2 values ≤90% at ad-
mission). Kaplan-Meier survival analysis was used to estimate one-
month mortality of study patients since admission based on SpO2
(>90% or ≤ 90%) and NLR (≥3.3 or < 3.3). Univariate and multivariable
Cox proportional hazardsmodels were used. Associations are expressed
as hazard ratios (HRs) and 95% CIs. Statistical analysis was performed
using SPSS software, version 16 and a 2-sided P < 0.05 was considered
significant.

3. Results

Among 219 patients included in the present retrospective cohort
study, 137 (62.6%) were men (mean age 58.2 ± 16 years old) and 82
(37.4%) were women (mean age 57 ± 17.3 years old). Overall, 63
(28.8%) patients were admitted to the ICU. Among patients, 83 (38%)
had diabetesmellitus, 46 (21%) had IHD, 42 (19.2%) had hyperlipidemia,
85 (38.8%) had hypertension, 9 (4.1%) had asthma, and 15 (6.8%) had
COPD as a comorbid disease. Moreover, 23(10.5%) were smoker and
13 (5.9%) were addicted to opium.

Compared to patients with SpO2 > 90%, those with SpO2 ≤ 90%were
older and hypertension was more common in these patients (Table 1).
There were no significant differences in sex or different comorbidities
between the two groups. Respiratory rate was higher in patients with
SpO2 ≤ 90% compared to patients with SpO2 > 90% (Table 1). The two
groups did not differ significantly with respect to other vital signs at ad-
mission. Neutrophil counts were higher in patients with SpO2 ≤ 90%



Fig. 2. Kaplan-Meier curve for one-month mortality in 219 COVID-19 patients grouped
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(Table 1), while lymphocyte counts did not vary significantly between
the groups. Neutrophil-to-lymphocyte ratio (NLR) was greater in pa-
tients with SpO2 ≤ 90%. In patients with SpO2 ≤ 90%, compared to
those with SpO2 > 90%, hospital stay (number of days) was longer
and ICU admission rate was higher (Table 1).

Of 31 (14.2%) individuals who died during one-month follow-up
(admission time was considered day 1), 2 (2.6%) individuals had SpO2
values >90%, and 29 (20.4%) had SpO2 values ≤90% (p < 0.001, Fig. 1).
In addition, our results showed that out of 31 individuals who died, 26
(15.8%) had NLR values ≥3.3, and 4 (7.7%) had NLR <3.3 (p = 0.16,
Fig. 2); for one of the patients who died, NLR data were not recorded.

Univariate Cox regression analysis revealed that older age,
SpO2 ≤ 90%, IHD, respiratory rate, WBC, neutrophil and lymphocyte
count, and NLR were associated with increased risk of one-month mor-
tality in our patients (Table 2).

Among factors included in themultivariate Cox regressionmodel, pa-
tientswith SpO2 values ≤90%, had a 3.8-fold increased risk of one-month
death compared to thosewith SpO2> 90%; however, this difference did
not reach a significant level. Also, we found that patients with older age
and thosewith higherWBC count or NLR had a higher risk of one-month
mortality, after adjusting for sex, IHD, respiratory rate, and SpO2 levels.
into two groups based on at-admission NLR (≥3.3 or < 3.3). NLR: Neutrophil-to-
lymphocyte ratio.
4. Discussion

Previously published reports indicated associations between age,
sex, comorbidities, and inflammatory biomarkers and mortality in
COVID-19 patients [6,8,20]. In this context, independent death-
associated value of dyspnea and hypoxemia (SpO2 ≤ 90% in spite of ox-
ygen supplementation)was reported [8]. Though COVID-19 affects both
healthy and non-healthy subjects, a report from China showed that 50%
of hospital-admitted COVID-19 patients in Huabei province, had comor-
bidities; this rate increased to almost 66% among ICU-admitted ones or
thosewho did not survive. Importantly, the highestmortalitywas found
in patients with cardiovascular conditions, especially hypertension.
Other comorbidities such as diabetes, lung diseases, and obesity, were
shown to be associated with poor outcomes [21,22]. Moreover, another
report on 5700 COVID-19 hospitalized cases from New York City Area,
showed that hypertensionwas themost frequent comorbidity followed
by obesity and diabetes [23]. Also, in 72,314 COVID-19 patients reported
by the Chinese center of the disease control, mean death rate increased
Fig. 1. Kaplan-Meier curves for one-month mortality in 219 COVID-19 patients grouped
into two groups based on SpO2 (>90% or ≤ 90%) at admission. SpO2: Peripheral venous
blood oxygen saturation value.
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from 2.3 to 5 and 7.3%, respectively in patients with cardiovascular and
diabetic conditions [6,8]. Consistently, in our study, the most common
comorbidity was hypertension followed by diabetes and IHD. Also, we
found that IHD was associated with an increased risk of one-month
mortality among the patients. Despite considerable evidence about
worse outcomes in COVID-19 patients with cardiovascular diseases, it
is not fully understood whether there exists a casual relation or just
an association between such comorbidities and COVID-19 prognosis
[24]. An explanation to relate hypertension andCOVID-19 is that the im-
mune system is deregulated by hypertension and COVID-19 and when
the blood pressure is not appropriately controlled, this dysregulation
is exacerbated [25,26]. Thus, blood pressure control in such patients
seems to be of crucial importance.

The components of the immune system are the organs, after the
lungs, that are most frequently affected by COVID-19. Splenic atrophy
and marked decrement of lymphocytes and neutrophils counts along
with necrosis and hemorrhage, were indicated in these patients. Also,
lymph nodes become depleted from lymphocytes and CD4+ and CD8
+ cells counts reduce [25].
Table 2
Factors associated with in-hospital mortality in patients with COVID-19 associated
pneumonia

Factors Hazard ratio (95%CI) P value

Univariate analysis

Age (years) 1.05 (1.02–1.07) <0.001
Male 1.31 (0.61–2.8) 0.4
SpO2 ≤ 90% 8.66 (2.06–36.3) 0.003
Hypertension 1.32 (0.65–2.70) 0.4
Diabetes mellitus 0.9 (0.4–1.8) 0.7
Smoker 1.26 (0.44–3.6) 0.6
Ischemic heart disease 3.02 (1.47–6.16) 0.002
Respiratory rate 1.09 (1.04–1.14) <0.001
WBC count 1.08 (1.03–1.10) <0.001
NLR 1.05 (1.02–1.07) <0.001

Multivariate analysis (Backward method)
Ischemic heart disease 1.98 (0.94–4.17) 0.07
Respiratory rate 1.05 (0.99–1.11) 0.06
SpO2 ≤ 90% 3.82 (0.86–16.90) 0.07
WBC count 1.05 (1.01–1.08) 0.006
NLR 1.03 (1.003–1.07) 0.03
Age 1.03 (1.004–1.05) 0.02

WBC:White blood cells; NLR: Neutrophil-to-Lymphocyte Ratio; SpO2: Peripheral venous
blood oxygen saturation value.
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Neutrophilsareofcrucial importanceintheinnateimmuneresponses
while lymphocytes have an important role in inflammatory responses.
Thus, an increased NLR reflects an imbalance of the inflammatory re-
sponseand it couldbeconsideredaprobable indicatorofdisease severity
in infectious illnesses, such as sepsis and bacteremia [27]. In a meta-
analysis of 15 studies, higher neutrophils numbers andNLR but a lower
lymphocyte countwere observed in severe cases of COVID-19 compared
to non-severe cases [28]. The credibility of NLR in diagnosis/prognosis of
viral diseases was shown; for instance, NLR was reported to be a more
sensitive indicator in influenza patients compared to neutrophil or lym-
phocyte counts alone[29].Another studyalso introducedNLRasan inde-
pendent predictor of clinical outcomes in COVID-19 patients [19].
Similarly, significantly augmented NLR was found in severe cases of
COVID-19 [30]. In linewith augmenting clinical evidence on predictive
and prognostic potential of NLR [16,31,32], in the present study, higher
NLRwas associatedwith increased risk of one-monthmortality.

It has been generally shown that subjects of older ages are grouped
as “most vulnerable” towards COVID-19mortality (mortality rate ~ 15%)
[6,33,34]. Moreover, a previous report introduced higher age as a pre-
dictor of poor prognosis in COVID-19 patients [19]; consistently, an-
other study showed poorer clinical outcomes and higher severity in
COVID-19 patients aged ≥60 years old compared to those below 60
[29]. Similarly, we found that elevated age was associated with an in-
creased risk of one-month mortality.

5. Conclusion

In our study population, lymphocytes count in the peripheral blood
was non-significantly lower in patients admittedwith SpO2 ≤ 90% com-
paredtothosewithSpO2>90%.Nevertheless, statisticalanalysisshowed
a significantly higher neutrophil count in patientswith SpO2 ≤ 90% com-
pared to the other group; beside, neutrophil countwas found to be asso-
ciatedwith an increased risk of one-monthmortality.

Overall, the findings of the present study, in line with reports from
different countries, confirmed that IHD, age, neutrophil count and NLR
can be considered predictors of survival in COVID-19 patients.
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