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Summary

Background: The prediction of disease severity in COVID-
19 could be a valuable tool for providing early treatment
and reducing mortality. We aimed to evaluate the predictor
value of baseline cortisol values on disease severity and
assess the correlation between the neutrophil to lympho-
cyte ratio (NLR) and cortisol levels.

Methods: In this retrospective study, we compared the
prognostic value of baseline NLR, morning cortisol, ferritin,
and C-reactive protein (CRP) levels among patients with
severe and non-severe COVID-19. The association was
assessed with Spearman’s correlation.

Results: 37.7% of the patients (n=63) had severe disease,
and their baseline cortisol levels were higher than those in
the non-severe group (522 nmol/L vs 380.7 nmol/L,
p=0.011). The baseline cortisol level and NLR had area
under the curve (AUC) values of 0.62 (95% confidence
interval [Cl] 0.53-0.71) and 0.70 (Cl 95% 0.62-0.78) for
the prediction of severe COVID-19, respectively. Severe
disease was predicted in patients with a baseline cortisol
cutoff 2 522 nmol/L with a specificity of 75.0%, a sensi-
tivity of 50.79%. The cutoff value for the NLR on day 1 was
> 6.2, with a specificity of 93.27% and a sensitivity of
32.79%. Baseline cortisol levels showed a significant weak-
moderate positive correlation with the NLR and levels of
CRP and ferritin on day 1 (r=0.33, r=0.29, r=0.28,
respectively, p<0.001 for all).
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Kratak sadriaj

Uvod: Predvidanje tezine bolesti kod COVID-19 moglo bi
biti dragoceno sredstvo za pruzanje ranog lecenja i sman-
jenje smrtnosti. Cilj nam je bio da procenimo prediktorsku
vrednost osnovnih vrednosti kortizola na ozbiljnosti bolesti i
procenimo korelaciju izmedu odnosa neutrofila i limfocita
(NLR) i nivoa kortizola.

Metode: U ovoj retrospektivnoj studiji uporedili smo prog-
nosti¢ku vrednost osnovnog nivoa NLR, jutarnjeg kortizola,
feritina i C-reaktivnog proteina (CRP) medu pacijentima sa
teskim i ne-teskim COVID-19. Povezanost je procenjena
Spearmanovom korelacijom.

Rezultati: 37,7% pacijenata (n=63) je imalo te$ku bolest,
a njihovi osnovni nivoi kortizola su bili visi od onih u grupi
koja nije bila teka (522 nmol/L naspram 380.7 nmol/L,
p=0,011). Osnovni nivo kortizola i NLR su imali vrednosti
povrsine ispod krive (AUC) od 0,62 (95% interval poveren-
ja [Cl] 0,53-0,71) i 0,70 (CI 95% 0,62-0,78) za
predvidanje teskog COVID-19, respektivno. Predvidena je
te$ka bolest kod pacijenata sa poc¢etnom grani¢nom vred-
nostom kortizola 2 522 nmol/L sa specifi¢no$¢u od 75,0%,
osetljivos¢u od 50,79%. Grani¢na vrednost za NLR prvog
dana bila je 2 6,2, sa specifi¢no$éu od 93,27% i osetlji-
vos¢u od 32,79%. Osnovni nivoi kortizola su pokazali
znacajnu slabu-umerenu pozitivnu korelaciju sa NLR i
nivoima CRP i feritina prvog dana (r=0,33, r=0,29,
r=0,28, respektivho, p<0,001 za sve).
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Conclusions: The baseline cortisol level in COVID-19
patients is a good predictive marker for disease severity and
non-inferior to the NLR. However, it is inferior to CRP and
ferritin.

Keywords: cortisol, COVID-19, neutrophil to lymphocyte
ratio, prediction, severity

Introduction

The majority of coronavirus disease 2019
(COVID-19) patients have asymptomatic or mild dis-
ease, while approximately 10-15% have a severe dis-
ease (1, 2). ldentifying poor prognosis predictors is
important when choosing different treatment modali-
ties. Many prognostic factors, such as the levels of
interleukin 6 (IL-6), C-reactive protein (CRP), ferritin,
procalcitonin, and D-dimer and the lymphocyte per-
centage or count, have been previously described in
the literature (3-6). Recently, analyses of the neu-
trophil-to-lymphocyte ratio (NLR) have been shown to
be a strong prognostic factor (7-11).

Sparse information exists on the prognostic
value of basal cortisol levels in COVID-19 patients.
Previous studies demonstrated that severe acute res-
piratory syndrome related to COVID-19 (SARS-CoV-
2) might trigger a stress response and activate the
hypothalamic—pituitary—adrenal (HPA) axis (12, 13).
Increased secretion of cortisol from the adrenals
causes the migration of lymphocytes from the periph-
eral circulation and the inhibition of neutrophil apop-
tosis, thereby increasing the NLR (14). A recently
published study suggested that high baseline cortisol
levels are associated with higher mortality and
decreased survival in COVID-19 patients (15-17).

In this retrospective study, we aimed to evaluate
the relationship between baseline cortisol levels and
prognosis in COVID-19 patients, in addition to the
correlations of baseline cortisol levels with the NLR
and other prognostic factors.

Materials and Methods

This retrospective study was performed between
March 27 and May 13, 2020 (the last follow-up was
on June 3) at Marmara University Pendik Research
and Training Hospital. = The inclusion criteria were:
1. Patients aged = 18 years; 2. Positive real-time poly-
merase chain reaction (RT-PCR) results for SARS-
CoV-2; 3. Patients hospitalized with symptoms due to
COVID-19, regardless of the presence of hypoxia.
Hypoxia was defined as saturation of oxygen <94%
on room air. The exclusion criteria were: 1. Patients
requiring intubation on admission; 2. Patients have
been using topical and systemic corticosteroids for
any other reason. The patients were followed for up
to 14 days after discharge. A waiver of informed con-
sent was issued by the Marmara University School of
Medicine Institutional Ethical Review Board (Re-
ference number: 09.2021.300).

Zakljuéak: Osnovni nivo kortizola kod pacijenata sa
COVID-19 je dobar prediktivni marker za ozbiljnost bolesti
i nije inferioran u odnosu na NLR. Medutim, on je inferio-
ran u odnosu na CRP i feritin.

Kljuéne reéi: kortizol, COVID-19, odnos neutrofila i
limfocita, predvidanije, tezina

Sex, age, number of comorbidities (hyperten-
sion, diabetes mellitus, chronic obstructive pulmonary
disease (COPD), asthma, immunosuppression, car-
diovascular system disease, chronic renal and liver
disease), serum inflammatory markers (neutrophil
and lymphocyte counts and percentages, NLR, CRP
ferritin), baseline cortisol level (within 48 hours of
admission), and clinical outcomes (discharge or in-
hospital mortality) were obtained from computer-
based patient records. The baseline cortisol levels
were assessed in the morning. The laboratory param-
eters were checked on admission and every other day
thereafter except for the cortisol levels which were
only checked once on admission.

During the study period, none of the patients
were started on steroids as the evidence that showed
a benefit of such treatment did not exist at the time of
this study interval (18).

According to the National Institutes of Health
(NIH) classification, severe cases were defined by satura-
tion of oxygen <94% on room air at sea level, a ratio of
arterial PaO,/FiO, <300 mm Hg, respiratory rate >30
breaths/min, or lung infiltrates >50% (19). Patients who
met these criteria on admission or during their hospital
stay were diagnosed with severe COVID-19.

Statistical analysis

In this descriptive study, we compared the demo-
graphic, clinical characteristics, and laboratory values
of the severe and non-severe COVID-19 patients. The
assumption of normality for numerical variables was
tested with histograms, normal quantile plots, and
Kolmogorov-Smirnov tests. Numerical variables with-
out a normal distribution are reported as the median,
interquartile range (IOR), and minimum and maxi-
mum values. Categorical variables are reported as fre-
quencies and percentages. The differences in the dis-
tributions of numerical variables between severe and
non-severe COVID-19 patients were analyzed with
Mann-Whitney U tests. The comparisons of categori-
cal variables were performed with either the chi-
square test or Fisher’s exact test. The correlations
between numerical variables were calculated with
Spearman’s correlation test, and rho and p values are
reported. The area under the curve (AUC) values for
different laboratory tests for the prediction of severe
COVID-19 were calculated with nonparametric ROC
analysis and are presented with 95% confidence inter-
vals [Cls] and standard errors. The AUC values of ROC
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curves were compared with the roccomp module, and
AUC values with their standard errors and 95% Cls
and p values are reported. The sensitivity, specificity,
correct classification percentage, and positive and
negative likelihood ratios (LRs) are reported for select-
ed laboratory methods. The databases were created
with Microsoft Excel 2007, and all statistical analyses
were performed with Stata 15.1. A p-value less than
0.05 was considered statistically significant.

Table | Characteristics of the patients.

Results

We included 167 hospitalized adult patients with
positive RT-PCR results for SARS-CoV-2 in our study.
The median age of the patients was 54 years
(interquartile range [IQR], 20), and 87 (52.1%) were
female. Of the 167 patients, 63 (37.7%) patients had
severe disease, and 104 (62.2%) had non-severe dis-
ease. One hundred ten patients had at least one

Patient Characteristic Statistics Total (n=167) Severe (n=63) Non-Severe (n=104) p

Age, years Median (IQOR) 54 (20) 58 (19) 54 (23.5) 0.008
Min-Max 22-96 40-96 22-93

Sex (Male) n (%) 80 (47.90) 39 (61.90) 41 (39.42) 0.005

Comorbidities

Comorbidity n (%) 110 (65.87) 41(65.08) 69 (66.35) 0.867

Hypertension n (%) 64 (38.32) 25 (39.68) 39 (37.5) 0.779

Diabetes mellitus n (%) 47 (28.14) 19 (30.16) 28 (26.92) 0.652

Cardiovascular disease n (%) 24 (14.37) 12 (19.05) 12 (11.54) 0.180

Chronic liver disease n (%) 5(2.99) 3 (4.76) 2 (1.92) 0.367

Immunosuppression n (%) 7 (4.19) 5(7.94) 2 (1.92) 0.105

Chronic lung disease n (%) 8 (4.79) 6 (9.52) 2 (1.92) 0.054

Asthma n (%) 17 (10.18) 2 (3.17) 15 (14.42) 0.019

Chronic renal disease n (%) 9 (5.39) 3 (4.76) 6 (5.77) 1.000

Laboratory

Baseline cortisol® Median (IQR) 412.4 (282.8) 522 (325.8) 380.7 (241.4)

nmol/L Min-Max 50.4-1683 50.4-1683 75.8-993.2 0.011

NLR (day 1) Median (IQR) 3.00 (3.13) 4.4 (4.42) 2.54(2.64) 20.001
Min-Max 0.13-32.50 1.07-32.5 0.13-27

Median (IQR) 2.60 (2.62) 4.00 (4.75) 2.24 (1.76)

NLR (day 3) <0.001

Min-Max 0.47-54.55 0.47-54.55 0.83-9.40
Median (IQR) 2.92(2.36) 3.45 (3.06) 2.52 (1.60)

NLR (day 5) <0.001
Min-Max 0.26-34.60 1.41-34.60 0.26 14.54

Ferritin (day 1), ng/L Median (IQR) 137.0 (202.0) 220 (353) 99 (135.5) .
Min-Max 1.80-6378.0 5.2-6378 1.8-2403

Ferritin (day 3), ng/L Median (IQR) 186.0 (350.0) 325.5 (613.5) 116.5 (166) <0.001
Min-Max 2.0-7051.0 6.7-7051 2-1708

Ferritin (day 5), ng/L Median (IQR) 219.0 (250.0) 282.5(358) 167 (216.5) ~0.001
Min-Max 3.0-4192.0 7.3-4192 3.0-2887

CRP (day 1), mg/L Median (IQR) | 23.0 (48.0) 46 (90) 1> (28.86) <0.001
Min-Max 0.90-374.0 3-374 0.9-177

CRP (day 3), mg/L Median (IQOR) 34.0 (84.0) 75.5 (136) 20 (43.75) <0.001
Min-Max 0.5-279.0 0.8-279 0.5-221

CRP (day 5), mg/L Median (IQOR) 23.0 (48.0) 29 (61) 16.9 (31) 0.107
Min-Max 0.60-304.0 0.6-303 0.9-304

Abbreviations: CRR, C-reactive protein; IQR, interquartile range; NLR, neutrophil to lymphocyte ratio.
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Table Il Correlations between baseline cortisol and labora-

tory values on day 1.

comorbidity. The most common comorbidities were
hypertension (n=64, 38.3%), diabetes (n=47,

28.1%), and cardiovascular disease (n=24, 14.3%).
Only 6 patients died during the study period.

The overall median baseline cortisol level was

412.4 nmol/L (IQR, 282.8). The NLR was 3 (IOR,

Laboratory value rho p
NLR 0.3269 <0.001
CRP 0.2946 <0.001
Ferritin 0.2816 <0.001

3.13), 2.6 (IQR, 2.61), and 2.92 (IQR, 2.36) on days
1, 3, and 5, respectively. Baseline cortisol levels were

Abbreviations: CRP C-reactive protein; NLR, neutrophil to lym-

phocyte ratio

significantly higher in the severe group than in the
non-severe group (522 nmol/L vs 380.7 nmol/L,
p=0.011). The NLR and ferritin values were also sig-
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Figure 1 AUC graph for diagnostic performance of baseline cortisol measurement on severe COVID-19.
Table 1l Comparisons of different laboratory measurements for the prediction of severe COVID-19.
Observation AUC Std. Err. [95% Conf. Interval] p
Basal cortisol 165 0.62 0.05 0.53 0.71 014
NLR (day 1) 165 0.70 0.04 0.62 0.78 '
Basal cortisol 165 0.62 0.05 0.53 0.71 0.03
CRP (day 1) 165 0.75 0.04 0.66 0.83 '
Basal cortisol 158 0.61 0.05 0.52 0.71 0.03
Ferritin (day 1) 158 0.73 0.04 0.65 0.81 '

Abbreviations: CRR C-reactive protein; NLR, neutrophil to lymphocyte ratio
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Figure 2 AUC graph for diagnostic performance of day 1 NLR value on severe COVID-19.

nificantly higher severe group for three measure-
ments taken every other day (p <0.001 for all). CRP
values were higher in the severe group for the first two
measurements (p <0.001). The characteristics of the
patients are summarized in Table .

The baseline cortisol level had an AUC value of
0.62 (95% CI 0.53 to 0.71) for the prediction of
severe COVID-19 (Table I, Figure 1, Supplementary
Table 1). The threshold for the baseline cortisol value
for the prediction of severe disease was selected as
522 nmol/L and greater, with a specificity of 75.0%,
a sensitivity of 50.79%, and a correct classification
percentage of 65.87%. This threshold has a positive
LR of 2.03 and a negative LR of 0.66.

A quarter of patients with non-severe cases
(n=26; 25.0%) had baseline cortisol values above the
threshold; compared to 32 (50.79%) patients in the
severe group. In our patient population, this cortisol
threshold had a positive predictive value of 55.2%
(95% Cl: 41.5%-68.3%) and a negative predictive
value of 71.6% (95% Cl: 62.1%-79.8%) for a preva-
lence of 38% (95% Cl: 30%-45.5%) (Supplementary
Table 1).

The duration between the hospitalization and
the development of symptoms had a median value of
5 (IQR=4.0) and ranged between O and 60 days.

The correlation between the baseline cortisol level
and this duration was statistically non-significant and
negligible (r=0.08; p=0.31).

The NLR on day 1 had an AUC value of 0.70
(95% CI 0.62 to 0.78) for the prediction of severe
COVID-19 (Table I, Figure 2, Supplementary Table
Il). The comparisons of AUC curves for various labo-
ratory parameters for the prediction of severe COVID-
19 are shown in Table Il. We selected a cutoff value
for the NLR of = 6.2 on day 1, which had a specificity
and sensitivity of 93.27% and 32.79%, respectively.
The correct classification percentage was 70.91%.
The positive and negative LRs were 4.87 and 0.72,
respectively. In our patient population, this NLR
threshold had a positive predictive value of 74.1%
(95% Cl 53.7% to 88.9%) and a negative predictive
value of 70.3% (95% Cl 61.9% to 77.8%) for a preva-
lence of 37% (95% Cl 30% to 44.8%) (Supple-
mentary Table I).

Baseline cortisol levels had a significant weak-
moderate positive correlation with the NLR, CRP. and
ferritin levels on day 1 (r=0.33, r= 0.29, r= 0.28,
respectively, p<0.001 for all, illustrated in Table I).

There was no statistically significant difference
between the AUC values for baseline cortisol
(AUC=0.62; 95% CI 0.53-0.71) and the day 1 NLR
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(AUC=0.70; 95% CI 0.62-0.78) for the prediction of
severe COVID-19 (p=0.14). However, baseline corti-
sol was inferior to CRP and ferritin as a predictive fac-
tor (p=0.03 for all as illustrated in Table III).

Discussion

Although most COVID-19 patients have a mild
clinical course, some can deteriorate within 7-14
days (20). Therefore, predicting severe disease is crit-
ical to provide appropriate supportive care, enable
early access to intensive care units (ICUs), and reduce
mortality. Recent studies show, in addition to well-
known factors such as IL-6, CRP, and ferritin, the NLR
is also a valuable predictive factor for severe COVID-
19 (7-11, 21). Liu et al. (7) showed high NLR ( 3.13)
is strongly associated with developing critical disease.
In another multi-center retrospective study, the NLR
was found to be an independent prognostic tool for
progression to critical disease (8). In our study, the
median NLR values of severe group on admission and
on days 3 and 5 were significantly higher than those
in patients with non-severe cases. An NLR value of =
6.2 on admission was found to be predictive of pro-
gression to severe COVID-19.

In addition to the NLR, in a recent study, Tan et
al. showed that baseline cortisol levels were higher in
patients with COVID-19 than in those without
COVID-19 (15). They determined the optimal cutoff
for cortisol in patients with COVID-19 to be 744
nmol/L and showed shorter median survival in
patients whose values were greater than this level.
Although they found that increased baseline cortisol
levels, CRP levels, and NLRs were predictive of acute
mortality, they did not report the patients’ disease
severity. We determined the optimal cutoff for the cor-
tisol value for the prediction of severe cases of
COVID-19 to be 522 nmol/L and greater, which is
different from the value reported in the study by Tan
et al. (15). When we assessed the correlations of
baseline cortisol levels with other laboratory parame-
ters, we found significant weak-moderate positive cor-
relations with the NLR, CRP, and ferritin. Although not
statistically significant, the NLR had a better AUC
value for the prediction of severe COVID-19 than the
baseline cortisol level. The pooled AUC value of the
NLR for the prediction of severe disease was reported
to be as high as 0.85 (95% Cl 0.81-0.88), according
to a meta-analysis by Li et al. (9), that includes 13
studies and 1579 patients. We showed that baseline
cortisol values are as good as the NLR but inferior to
the CRP and ferritin for the prediction of severe dis-
ease. Therefore, baseline cortisol levels may be used

as an independent prognostic marker for the predic-
tion of disease severity. Further studies are needed to
compare the prognostic performances of basal corti-
sol levels and NLRs for the prediction of severe

COVID-19.

One of the limitations of our study is that cortisol
levels were measured once within 48 hours of admis-
sion. Second, we were unable to evaluate the plasma
adrenocorticotropic hormone (ACTH) concentration
and clarify whether patients with low cortisol levels
had adrenal insufficiency. Third, the effect of baseline
cortisol levels on mortality couldn’t be evaluated due
to the small number of patients who died. Fourth, this
study was not designed as a case-control study, and
confounding factors may have affected the results.

Conclusion

In conclusion, a high baseline cortisol level may
be used as a predictive marker for severe disease in
COVID-19 patients. However, further studies are war-
ranted to prove this finding.
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