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ABSTRACT

INTRODUCTION: The neutrophil-to-lymphocyte ratio (NLR) is a simple blood test marker used to predict the
severity of COVID-19. The study aimed to describe the correlation between neutrophil-to-lymphocyte ratio
sex- and gender-specific differences in the inflammatory response to COVID-19.

MATERIAL AND METHODS: This retrospective observational study was conducted with patients diagnosed
with COVID-19 in the emergency department of a tertiary hospital between January 1, 2022, and May 31,
2022. The receiver operating characteristic (ROC) area under the curve (AUC) analysis was conducted to
verify NLR predictive capacity.

RESULTS: The study population consisted of 47% women and 53% men with a mean age of 72.42 years.
Women were significantly older than men on average. At admission, 73% of patients were classified as
nonsevere, while 27% were severe. Overall, 63% of patients survived the infection.

CONCLUSIONS: There were slight but not statistically significant differences in neutrophil counts between men
and women. However, there were significant differences in lymphocyte counts and the NLR, with women hav-
ing higher lymphocyte counts and men having higher NLR. The study found very weak correlations between
age and neutrophil counts, lymphocyte counts, and NLR, suggesting no strong relationship between age and
these variables. Patients with severe disease had higher neutrophil counts and NLR but lower lymphocyte counts
compared to nonsevere patients. Survivors had lower neutrophil counts and NLR but higher lymphocyte
counts compared to those who did not survive. NLR was a significant predictor of both admission status and
survivor status, with ROC AUC values indicating its predictive capacity. These findings highlight the potential
importance of NLR as a biomarker in predicting disease severity and survival in patients.
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INTRODUCTION
The neutrophil-to-lymphocyte ratio (NLR) is a bio-
marker obtained by dividing the count of neutro-
phils by the count of lymphocytes, both of which
are types of white blood cells measured through
a routine complete blood count (CBC) test [1, 2].
This ratio, just like the platelet-to-lymphocyte ratio
and the lymphocyte-to-monocyte ratio, has gained
attention as a potential prognostic and diagnostic
tool in various medical conditions, including infec-
tions, inflammatory diseases, and cancer [3-6]. It re-
flects the balance between the innate (neutrophils)
and adaptive (lymphocytes) immune responses [7].

In the context of COVID-19, caused by the SARS-
-CoV-2 virus, the NLR has been studied for its predic-
tive value concerning disease severity and outcomes
[8, 9]. During the COVID-19 pandemic, healthcare
systems worldwide have been overwhelmed [10],
and there has been an urgent need for simple, rapid,
and cost-effective methods to stratify patients based
on their risk of developing severe disease or compli-
cations [11, 12].

The neutrophil-to-lymphocyte ratio fits well into
this need due to its ease of calculation from a CBC,
a test that is widely available and frequently per-
formed on patients presenting with infections.
Elevated NLR values have been associated with
a hyperinflammatory state, which is a hallmark of
severe COVID-19 [13]. This state can lead to a cas-
cade of complications, including acute respiratory
distress syndrome (ARDS), multiorgan failure, and
death [14].

Numerous studies have indicated that patients
with higher NLR values upon admission or during
hospitalization tend to have worse outcomes than
those with lower values. The link between these two
things is thought to be caused by the neutrophilic
inflammatory response and lymphopenia, which is
a drop in lymphocytes that happens a lot during
viral infections and is especially noticeable in severe
COVID-19 cases. By using NLR as a predictor, doctors
may be able to find patients who are more likely to
get worse quickly. This can help them decide wheth-
er to admit them to the hospital or intensive care
unit (ICU) and start aggressive therapy [15]. Further-
more, monitoring NLR values over time may provide
insights into a patient’s response to treatment and
disease progression.

Nevertheless, while NLR is promising, it is not
without limitations. Stress, smoking, corticosteroid
use, and other comorbidities that may affect neu-

trophil or lymphocyte counts can all have an impact
on the ratio. Moreover, the threshold values for
“high” NLR that correlate with adverse COVID-19
outcomes can vary across populations and individual
patient factors, making standardization challeng-
ing. It is also essential to consider NLR within the
broader context of a patient’s clinical presentation
and in conjunction with other laboratory markers
and imaging findings. Neutrophil-to-lymphocyte
ratio should be one component of a multifaceted
assessment rather than a standalone indicator. Given
the dynamic nature of COVID-19 and the immune
response it elicits, ongoing research is crucial to fur-
ther delineate the role of NLR in COVID-19 [16, 17].
This includes investigating whether interventions
that modulate the immune response can impact
NLR and, by extension, patient outcomes.

As of March 2023, the world has witnessed sev-
eral waves of COVID-19, with different variants of
the virus causing varying degrees of illness [18, 19].
Vaccination efforts have been successful in reducing
the incidence of severe disease, but breakthrough
infections and cases in unvaccinated individuals
continue to occur. In this evolving scenario, the
potential role of NLR as a prognostic tool remains
relevant, particularly in regions with limited health-
care resources.

The NLR has emerged as a potential biomarker
for predicting the severity of COVID-19. Its predictive
value lies in its ability to reflect the inflammatory
state of a patient and to be easily derived from
a common blood test. While promising, NLR should
be used judiciously, in conjunction with other clinical
indicators, to inform patient management decisions.
Continuous research and validation in diverse popu-
lations are necessary to solidify the role of NLR in the
management of COVID-19 and possibly other infec-
tious diseases in the future. In this article, the utility
of NLR was examined as a predictor of COVID-19
severity in a sample of patients with COVID-19. The
study aimed to describe the correlation between
neutrophil-to—lymphocyte ratio sex- and gender-
-specific differences in the inflammatory response to
COVID-19.

MATERIAL AND METHODS
The present retrospective observational study was
conducted in the Emergency Department of the
Kartal Dr. Lutfi Kirdar City Hospital (Istanbul, Tar-
kiye). The institutional review board approved the
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FIGURE 1. Neutrophil, lymphocyte, and neutrophil-to-lymphocyte ratio values in the study population

analysis and granted a waiver of consent (ethical
committee ruling number: 2022/514/228/25, date:
30.06.2022). This research included all individuals
aged 18 years and older who were diagnosed
with COVID-19 and sought medical attention at
the emergency department between January 1,
2022, and May 31, 2022. The determination of
the COVID-19 diagnostic was made in accordance
with the recommendations provided by the World
Health Organization (WHO). Data was collected
using the digital records of the Hospital Informa-
tion Management System. When the research par-
ticipants went to the emergency room, their vital
signs, chronic illnesses, and the results of lab tests,
such as the levels of neutrophils and lymphocytes,
were recorded in a standard way. This information
included their age and gender. The study excluded
patients who had a negative reverse transcrip-
tion-polymerase chain reaction test result, patients
whose mortality status was unclear, patients who
were referred from another institution, and pa-
tients for whom neutrophil and lymphocyte levels
were unavailable.

Before proceeding with statistical analysis, data
were visually inspected for capturing potential outli-
ers. Continuous variables were computed as means
and standard deviations, while categorical parame-
ters were calculated as percentages. Student’s t-test
or its non-parametric version (the Mann-Whitney U
test) was used to shed light on eventual differences
in terms of sex/gender, age, admission, and survivor
status. Receiver operating characteristic (ROC) anal-
ysis for verifying NLR's predictive capacity in predict-
ing admission and survivor status.

RESULTS

Out of 513 subjects, 239 (47%) and 274 (53%)
were women and men, respectively. Mean age was
72.42 = 13.46 years [median 74 years (IQR 14)]
(Supplementary Fig. 1). Women were slightly older
[73.77 = 14.78 years, median 76 (IQR 16)] than
men [71.21 = 12.16 years (IQR 13)]. This difference
was statistically significant (p=0.00065).

At the admission, 376 patients (73%) were non-
severe, while 137 (27%) were severe; 63% survived
the infection, whereas 37% died. Neutrophils, lym-
phocytes, and NLR were 7.23 = 5.83 x 10*/uL, 1.57 +
+ 6.97 x 10%uL, and 9.86 + 10.60, respectively
(Fig. 1). If in terms of sex/gender, only a border-
line difference for neutrophils could be computed
(p = 0.087), with values slightly higherin men (7.29 x
X 10l vs 7.20 x 10%/uL), sex-specific differences
were significant for lymphocytes (p = 0.00000138),
with values higher in women (1.96 x 10%/uLvs 1.20 X
x 10%/uL), and NLR (p = 0.0000171), with values
higher in men (11.24 vs 8.42) (Fig. 2).

The Spearman’s rho correlation coefficients be-
tween age and neutrophils, lymphocytes, and NLR
were —0.018765, 0.034798, and —0.035239. These
values suggest that there is very little to no mono-
tonic relationship between age and each of the other
three variables under study. The correlation coeffi-
cients are very close to zero, indicating that as age
increases, there is no consistent increase or decrease
in the values of neutrophils, lymphocytes, or the NLR
that would suggest a strong relationship (Fig. 3).

Stratifying according to admission status, neutrophil
levels were higher in severe patients (9.94 vs 6.24, p =
= 1.65 x 107", while lymphocyte concentrations
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FIGURE 2. Neutrophil, lymphocyte and neutrophil-to-lymphocyte ratio values in the study population stratified by sex/gender
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FIGURE 3. Scatterplots showing the lack of correlation between age and neutrophil, lymphocyte levels, and neutrophil-to-lymphocyte

ratio (NLR) values in the study population

were lower (1.35 vs 2.18, p = 0.0139). Neutrophil-to-
-lymphocyte ratio was elevated in severe individuals
(14.81vs8.06, p = 3.94 x 107°), as shown in Figure 4.

Similar trends could be obtained when stratifying
based on survivor status. Mean neutrophil levels
were lower in survivors (6.31 vs 8.78, 1.82 x 107 '),
while mean lymphocyte concentrations were higher
(1.98 vs 1.33, p = 0.0088). Mean NLR was signifi-
cantly elevated in survivors (12.64 vs 8.21, p = 8.47
x 1079, as shown in Figure 5.

In conclusion, NLR was a significant predictor
of admission (with a ROC AUC of 0.76 [95% CI
0.61-0.72]) and survivor status (with a ROC AUC of
0.65 [95% Cl 0.60-0.70]), as pictorially reported in
Figures 6 and 7.

www.journals.viamedica.pl

Stratifying by sex/gender (Fig. 8), the mean ROC
AUC value for NLR in predicting admission status
was 0.70 in males and 0.64 in females, whilst the
ROC AUC value for NLR in predicting survivor status
was 0.64 in male subjects and 0.65 in female sub-
jects. While ROC AUC values were higher in men for
admission status, they were comparable for survivor
status.

Stratifying according to median age (Fig. 9),
no impact of age could be detected. Receiver
operating characteristic AUC values for NLW in
predicting admission (0.67 and 0.66 for older
and younger subjects, respectively) and survivor
status (0.65 and 0.67) were comparable, with-
out any statistically significant difference.
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FIGURE 4. Neutrophil, lymphocyte and neutrophil-to-lymphocyte ratio values in the study population stratified by admission status
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FIGURE 9. Receiver operating characteristic (ROC) analysis for Neutrophil-to-Lymphocyte ratio (NLR) in predicting admission and survivor

status stratified by median age; AUC — area under the curve

DISCUSSION
During the COVID-19 outbreak, NLR has emerged
as a significant, simple, and cost-effective blood test
marker for predicting the severity of COVID-19, re-
flecting the body’s inflammatory response to infec-
tion. Higher NLR values indicate an increased risk of
severe outcomes. Its utility is especially pronounced
in settings with limited resources, but caution is ad-
vised when interpreting NLR due to variability across

www.journals.viamedica.pl

different populations and other influencing factors.
It should be integrated with additional clinical data
to inform patient management decisions effectively.
The statistical analysis of NLR, using the ROC AUC,
validates its predictive ability. In the present study
population, with an almost equal representation of
women and men and a mean age of over 72 years,
findings indicated that women were generally older
than men. At the time of hospital admission, the
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majority of patients were in a nonsevere condition,
and about two-thirds survived their COVID-19 in-
fection. Although there was a slight, non-significant
difference in neutrophil counts between sexes, sig-
nificant differences were observed in lymphocyte
counts and NLR — women had higher lymphocyte
counts and men had higher NLR. Age showed a very
weak correlation with neutrophils, lymphocytes, and
NLR, suggesting that age might not be a strong de-
terminant of these measures. When stratifying pa-
tients by severity at admission and survivorship, clear
patterns emerged: severe patients and non-survivors
had higher neutrophils and NLR but lower lympho-
cytes compared to their counterparts. These trends
underscore the value of NLR as a biomarker for
assessing disease severity and survival prospects in
patients with COVID-19.

The Neutrophil-to-Lymphocyte Ratio is a meas-
ure derived from a standard CBC test [1, 20]. It
compares the levels of neutrophils, which increase
in response to infection and stress, to lymphocytes,
which can decrease in the context of a systemic
inflammatory response. A higher NLR thus suggests
a body under significant stress from an infection
like COVID-19, indicating a possible shift towards
a more severe disease state [21]. The predictive pow-
er of NLR for COVID-19 severity is particularly valu-
able because it is a readily available test that can be
done quickly and at a low cost, making it accessible
even in resource-limited settings [22].

Of note, gender differences were found in the
inflammatory response to COVID-19. The present
study’s findings on the slight differences in neutro-
phil counts between genders, although not statis-
tically significant, may indicate subtle variances in
how men’s and women'’s immune systems react to
COVID-19. Significantly higher lymphocyte counts
in women and higher NLR in men could point to
a more robust inflammatory response in men, which
has been observed in other studies. This could be
related to hormonal differences or other genetic
and immunological factors that influence how each
gender responds to infections.

In terms of the correlation between age and
inflammatory markers, the very weak correlations
between age and the inflammatory markers (neu-
trophils, lymphocytes, and NLR) suggest that, unlike
many other diseases where age is a strong risk fac-
tor, age alone does not significantly influence these
particular immune response markers in COVID-19
patients [20, 23]. This could mean that the body’s

inflammatory response to COVID-19 is similar across
different ages or that other factors, such as comor-
bidities or previous health status, are more impor-
tant in determining these levels than age itself.

In terms of associations between clinical out-
comes and NLR, in patients with severe disease,
higher neutrophil counts and NLR and lower lym-
phocyte counts were observed. This aligns with the
understanding that a severe infection can lead to
an elevated neutrophil response and lymphocyte
depletion, which is reflected in an increased NLR
[24]. Conversely, survivors tended to have lower
neutrophil counts and NLR but higher lymphocyte
counts [22]. This suggests that a balanced immune
response with less inflammation (as indicated by
a lower NLR) is associated with better outcomes.

As such, NLR can play a key role in clinical deci-
sion-making. The present study further reinforces
the role of NLR as an integral part of clinical deci-
sion-making. Since NLR is associated with disease
severity and survival, it could potentially guide in-
terventions, risk stratification, and monitoring. The
ROC AUC values for NLR in predicting admission
status and survival status show that it has good
discriminative ability, although it's not perfect. In
clinical practice, NLR should be one of several factors
considered when assessing a patient’s condition,
used in conjunction with other clinical signs, symp-
toms, and tests.

In terms of implications for healthcare systems,
especially those facing resource constraints, NLR of-
fers a practical metric for quickly identifying patients
at higher risk of severe disease [25, 26]. This can be
crucial for triaging patients, optimizing the allocation
of limited resources, and initiating timely treatments
that could potentially reduce the risk of adverse out-
comes. In conclusion, the results illuminate the utility
of NLR in managing COVID-19 by providing a simple
and cost-effective tool for assessing disease severity.
They also underscore the need for careful interpreta-
tion of NLR values, considering the influence of gen-
der, age, and clinical context. As the understanding
of COVID-19 evolves, so too will the strategies for
utilizing such biomarkers in patient care.

CONCLUSIONS
There were slight but not statistically significant dif-
ferences in neutrophil counts between men and
women. However, there were significant differences
in lymphocyte counts and the NLR, with women
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having higher lymphocyte counts and men having
higher NLR. The study found very weak correlations
between age and neutrophil counts, lymphocyte
counts, and NLR, suggesting no strong relationship
between age and these variables. Patients with se-
vere disease had higher neutrophil counts and NLR
but lower lymphocyte counts compared to nonse-
vere patients. Survivors had lower neutrophil counts
and NLR but higher lymphocyte counts compared to
those who did not survive. NLR was a significant pre-
dictor of both admission status and survivor status,
with ROC AUC values indicating its predictive capaci-
ty. These findings highlight the potential importance
of NLR as a biomarker in predicting disease severity
and survival in patients.
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