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Assessment of Serum Cortisol Levels in Coronavirus
Disease 2019 Inpatients and Investigation of the
Potential Impact of Alterations in Serum Cortisol
Levels on Prognosis

ABSTRACT

Objective: The novel coronavirus caused a disease that mainly affected the respiratory system. The
effect of severe acute respiratory syndrome coronavirus 2 on the hypothalamic-pituitary—-adrenal
axis is unknown. This study assesses the prognostic accuracy of serum cortisol levels and prediction
tools in predicting mortality rates in patients with coronavirus disease 2019 (COVID-19).

Methods: We prospectively analyzed 106 inpatients (53 COVID-19 positive, 53 non-COVID-19; mean
59.9 + 17.3years; 38 males and 68 females) with serum cortisol and adrenocorticotropic hormone
levels compared with prognostic scores. Acute Physiology and Chronic Health Evaluation (APACHE) Il
and Sequential Organ Failure Assessment (SOFA) scores determined the disease’s severity. The predic-
tive value of serum cortisol, APACHE, and SOFA on mortality was assessed using receiver operating
characteristic curve analysis and the area under the curve (AUC).

Results: No significant age or sex differences were found between groups. Serum cortisol levels were
similar. The APACHE-II scores in the COVID-19 group were higher than in the other group, while SOFA
scores showed no significant difference. The AUC for the APACHE-II score in predicting mortality was
0.765 (95% Cl 0.672-0.842), with an optimal cutoff (>9) demonstrating 62.5% sensitivity and 86.7%
specificity for overall participants. No correlation was found between serum cortisol levels and pre-
diction tools such as APACHE-Il and SOFA.

Conclusion: The measurement of serum cortisol did not provide additional prognostic information
beyond that established by the APACH-II score. This study highlights the significance of assessing
novel prognostic tools for predicting outcomes in hospitalized patients with COVID-19.
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Introduction

As a novel coronavirus reported in Wuhan, China, in December 2019, severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) is responsible for worldwide mortality owing in
particular to respiratory failures such as pneumonia, acute respiratory distress syndrome
(ARDS), and sepsis.! On March 11, 2020, the World Health Organization (WHO) declared that
the SARS-CoV-2 was a pandemic. The Ministry of Health of the Republic of Turkey announced
that the first COVID-19 case was detected in Turkey on the same day. As of this writing, coro-
navirus is responsible for 399 600607 confirmed cases and 5757562 deaths globally since
2019.2 Turkey has recorded more than 11 million cases - seventh country in the world. Most
patients with coronavirus disease 2019 (COVID-19) in Turkey recovered or were discharged,
accounting for 99.2%. The official death toll in Turkey is more than 80000.

The SARS-CoV-2 virus enters host cells by attachment to the metallocarboxyl peptidase
angiotensin receptor 2.* Angiotensin receptor 2 is expressed particularly in the vascular
endothelial cells of many organ systems such as the kidney, lung, and heart.® Virus can induce
hyperactivation of proinflammatory cytokines and chemokines, causing life-threatening
complications such as cytokine storm and ARDS.?

Symptoms of COVID-19 range from mild symptoms like cough, fever, myalgia, and headache
to severe symptoms such as life-threatening pneumonia, respiratory failure, and multiorgan
dysfunction.®® The COVID-19 hospitalization rate was reported to be higher in patients with
comorbid diseases such as diabetes mellitus (DM), hypertension (HT), cardiovascular disease
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(CVD), and chronic lung diseases (CLD).”"" The mortality rates vary
internationally up to 18%. Mortality rates in our country have been
reported as 0.7%."

National COVID-19 guidelines recommended avoiding the choice of
glucocorticoids in the early stages of the pandemic, except in cases
such as severe COVID-19, resistant shock, and ARDS. The novel guide-
line recommends glucocorticoid therapy in COVID-19 patients who
need oxygen administration due to respiratory distress.'

The genetic sequence of SARS-CoV-2 is 80% similar to SARS-CoV-1.
Severe acute respiratory syndrome coronavirus 1 causes transient
central hypocortisolism by affecting the hypothalamus-pituitary-ad
renal axis due to reversible hypophysitis or direct hypothalamic dam-
age’® Tan et al®° showed a relationship between high total cortisol
levels and COVID-19 mortality rate. In the RECOVERY study, it was
reported that glucocorticoid therapy decreased mortality rates of
COVID-19 patients receiving oxygen support.™

This study aimed to investigate the correlation between plasma cor-
tisol levels and the severity of COVID-19 using prognostic markers.

Material and Methods

Study Design

This study was conducted at Bursa Uludag University Faculty of
Medicine Hospital from December 2020 to May 2021. The cur-
rent study was a methodologic study and assessed the relation-
ship between plasma cortisol levels and prognosis by using
prognostic scores such as “Acute Physiology and Chronic Health
Evaluation (APACHE Il) scoring system” and “Sequential Organ Failure
Assessment (SOFA) Score” in COVID-19 and non-COVID-19 patients.
This study was approved by the ethics committee of the Bursa
Uludag University Ethics Board (Approval number: THIZ-2021-458).

Participants

All adult inpatients (=18 years old) who tested for COVID-19 were
included. Participants were informed about the research and
obtained consent before participating. Patients were divided into
2 groups with and without COVID-19 (non-COVID-19 group). They
were matched in terms of sex.

Eligibility Criteria
This study included individuals who exhibited symptoms such as fever,
cough, and shortness of breath. These patients exhibited pulmonary

MAIN POINTS

- There was no statistically significant association observed
between serum cortisol levels and mortality caused by corona-
virus disease 2019 (COVID-19) among adult inpatients.

- There was no statistically significant correlation found between
blood cortisol levels and prediction measures such as Acute
Physiology And Chronic Health Evaluation Il (APACHE-II) and
Sequential Organ Failure Assessment (SOFA).

« The APACHE-II score shown effectiveness as a predictive tool
among diverse hospitalized patients.

« The use of predictive tools such as APACHE-II and SOFA in the
context of patients admitted to hospital with COVID-19 needs
to demonstrate a consistent and reliable ability to serve as
prognostic indicators.
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infiltrates on chest imaging and tested positive for COVID-19 through
polymerase chain reaction testing. They were subsequently admitted
to the hospital for further management. Morning fasting plasma cor-
tisol levels were measured within 24 hours of admission in patients
admitted to the clinic without any prior steroid treatment. The non-
COVID-19 cohort consisted of patients presenting to the endocri-
nology clinic for ongoing medical care. The main reasons for their
admission were inadequate glycemic control of diabetes and inves-
tigation of undiagnosed conditions of uncertain underlying causes.
Among these cases, none of the patients presented with a diagnosis
of pneumonia.

Exclusion criteria included the age of less than 18 years; underlying
Cushing’s syndrome or disease; primary or secondary adrenal insuf-
ficiency, adrenocortical carcinoma, end-stage renal disease, chronic
liver disease (hypoalbuminemia or international normalized ratio
prolongation), active malignancies and metastases; use of drugs
affecting the serum cortisol levels such as glucocorticoids; and alco-
hol abuse.

Serum Cortisol Analysis

Serum cortisol levels were evaluated by acquiring a venous blood
sample after at least 8 hours of overnight fasting, during a state of
rest, within the time frame of 8:00 am and 9:00 am. Samples were
stored at —80°C until analysis. Serum cortisol levels were measured
using the chemiluminescent microparticle immunoassay method on
an Architect system (Abbott, Ill, USA).

Data Collection

Blood electrolytes, kidney and liver function, plasma cortisol, ACTH,
and blood gas analysis were collected from all inpatients at admis-
sion. In addition, d-dimer, ferritin, and troponin | were collected from
all COVID-19 inpatients. All the tests were done in the hospital’s cen-
tral laboratory. Online calculators were used to calculate the SOFA and
APACHE-II scores.” Patient baseline characteristics were extracted
from medical records, including comorbid diseases and demographic
information such as vaccination status at initial diagnosis.

Measurement Criteria and Tools

The APACHE-II and SOFA scores are widely used in intensive care to
predict the prognosis of critically ill patients. The APACHE Il score,
ranging from 0 to 71 points, is derived by analyzing 12 physiological
characteristics, age, and the presence of chronic diseases. The tool is
used to determine the likelihood of mortality.’®'” Conversely, the SOFA
score is a prognostic scoring system that ranges from 0 to 24. It is used
to assess the presence of organ dysfunction. The SOFA score assesses
many physiological systems, including respiratory, coagulation, liver,
cardiovascular, central nervous system, and renal function."”

Statistical Analysis

The normality of data distribution was assessed using the
Kolmogorov-Smirnov test. Descriptive analyses were performed
using means + standard deviations for the normality of the con-
tinuous data, the medians and the interquartile ranges (IQRs) for
analyzing quantitative variables, and frequencies for categorical
data. Group comparisons were analyzed using the chi-square test
and Fisher’s exact test. The Mann-Whitney U-test compared inde-
pendent groups with non-normally distributed data. Comparison of
cortisol levels in the 2 groups of participants in the study (COVID-19
positive and negative) was analyzed using the Mann-Whitney U-test.
Statistical analysis was conducted using the IBM Statistical Package
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for the Social Sciences Statistics software (version 29.0, IBM corp.,
Armonk, NY, USA). The area under the curve (AUC) in receiver operat-
ing characteristic (ROC) analysis was estimated to evaluate the effi-
cacy of prognostic scores, particularly APACHE-Il and SOFA, to predict
overall mortality.

P-values of less than .05 were considered statistically significant.

Results

Population Characteristics

A hundred six patients met study eligibility; 53 were selected for the
non-COVID-19 group and 53 for the COVID-19 group. The baseline
clinical and demography characteristics of all participants are shown
in Table 1. Among the 106 participants, the mean (SD) age was 59.9
(17.3) years, and 68 (64.1%) were female. All patients had at least 1
comorbid condition, with DM (n=58/106, 54.7%), HT (n=49/106,
46.2%), CVD (n=24/106, 22.6%), and CLD (n=15/106, 14.2%) most
frequently documented. Prevalences of DM and CLD varied between
patients with and without COVID-19.

Seventy-seven (72.6%) participants had received at least 1 dose
of vaccine with the inactivated SARS-CoV-2 vaccine (CoronaVac)
and/or Pfizer-BioNTech messenger RNA (mRNA) vaccine. There
were 17 (16%) patients who had never been vaccinated and 12
(11.3%) whose vaccination status was unknown. Of the 37 vac-
cinated patients in the COVID-19 group, 24 (64.8%) received only
the CoronaVac vaccine, 5 (13.5%) received CoronaVac, and then
Pfizer-BioNTech mRNA vaccines, and 8 (21.6%) received only
Pfizer-BioNTech mRNA vaccine. A similar rate of vaccination status
was observed in the patients who received at least 1 dose of the
CoronaVac vaccine between both groups (P=.083). We found a
significant difference in vaccination rates with the Pfizer-BioNTech
vaccine between the participants with and without COVID-19 (13
vs. 33, P <.001).

Laboratory Findings

The COVID-19 group had significantly lower serum lymphocyte and
platelet count, total protein, albumin, potassium, and ACTH levels
but higher C-reactive protein (CRP), aspartate aminotransferase, and
total bilirubin levels compared to the non-COVID-19 group (P < .05).
In addition, serum cortisol levels of patients with COVID-19 were
similar to that of the non-COVID-19 group (12.56 + 6.64 ug/dL vs.
10.93 + 4.20 pg/dL. P=.134). No statistical difference was observed
either in serum cortisol between the vaccinated and unvaccinated
patients with COVID-19 (12.5 + 6.5 pg/dL vs. 12.9 + 6.9. P=.851).
There was no significant difference in lymphocyte, CRP, d-dimer,
ferritin, and ACTH between the 2 subgroups of COVID-19 patients.

Prognostic Scores, Hospital Stay, Mortality, and Risk Factors

The median APACHE-Il and SOFA scores were 5 (IQR 3-9) and 1 (IQR 0-2),
respectively. Eight patients died (7.5%). The median APACHE-Il and
SOFA in the survivors and nonsurvivors were 5 (IQR 3-8) and, 10 (IQR
6-11) (P=.013),and 1 (IQR 0-2) and 2 (IQR 0.25-3.75) (P = .063), respec-
tively. The APACHE-II and SOFA in the COVID-19 and non-COVID-19
groups were 6 (IQR 4-10) and 5 (IQR 3-7) (P =.03), and 1 (IQR 0-2.5)
and 0 (IQR 0-1) (P =.09), respectively. In the subgroup analysis, no sig-
nificant differences were observed in the APACHE-Il and SOFA scores
between the vaccinated and unvaccinated inpatients with COVID-19.

The study found that the median cortisol levels in all patients were
11.1(IQR 7.1-15.2) mg/dL. In the COVID-19 group, the median cortisol
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levels were 13 (IQR 6.9-17.2) mg/dL, whereas in the non-COVID-19
group, the median cortisol levels were 11 (IQR 7.4-13.4) mg/dL.
However, the difference in cortisol levels between the 2 groups was
not statistically significant (P=.210).

In the AUC analysis, we found that the APACHE-II scoring system
showed the highest AUC value of 0.765 (95% Cl 0.608-0.921) in
predicting overall population mortality. However, the value of
the Youden index was for APACHE-II (J=.258) with a sensitivity of
62.5% and specificity of 63.3%, the optimal cutoff value of 6.5 ug/
dL (P=.001) (Figure 1). When comparing the AUCs using the De Long
test, no differences were found between SOFA, APACHE-II, and corti-
sol levels at admission in the COVID-19 group (Table 2).

The in-hospital mortality rate in our study was 7.5%, with a mean
time to discharge or admission to another clinic as intensive care
unit, non-pandemic clinic, of 11.38 + 7.24 days, whereas survivors
had a median length of 7.5 days. Among 5 patients (4.7%) admitted
to the ICU, 100% died.

On the univariate analysis, we found no significant results associated
with outcomes.

Discussion

In this study, we investigated clinical, biochemical, and prognostic
scores in the COVID-19 and non-COVID-19 groups, evaluated the
prognostic effect of serum cortisol concentration for the clinical pro-
gression of the inpatients with COVID-19, and analyzed the correla-
tions between serum total cortisol level and other parameters in 53
inpatients with COVID-19. We found that participants with COVID-
19 exhibited a higher level of APACHE-II score than the participants
without COVID-19. However, there were similar APACHE-Il and SOFA
scores levels between vaccinated and unvaccinated patients with
COVID-19. Serum cortisol levels were not correlated with prognostic
scores.

During the early stages of the United Kingdom pandemic, Tan et al®
incorporated 3 prominent medical centers. The study included a
cohort of approximately 400 patients who were either confirmed
positive for COVID-19 through nasopharyngeal sampling or
showed a notable clinical and radiological suspicion of COVID-
19. As a crucial aspect of the study, basal cortisol samples were
systematically collected within 48 hours of the patient’s hospi-
tal admission. Tan et al° reported that high serum total cortisol
concentrations were associated with mortality from COVID-19.
In contrast to these findings, this study demonstrates no signifi-
cant relationship between serum cortisol levels and mortality.
The effects of increased vaccination rates may explain this result,
decreased COVID-19-associated mortality rates, and the emer-
gence of new coronavirus variants.

A recent study reported no difference in the morning salivary
cortisol levels between COVID-19 and non-COVID-19 patients.
Nevertheless, cortisol levels measured at other times of the day
were higherin COVID-19 patients. The disruption of diurnal rhythm
is associated with increased interleukin 6 concentration.' In this
study, morning cortisol concentrations have been shown insuffi-
cient to predict the severity of mild-to-moderate COVID-19, simi-
lar to those observed among non-COVID patients. Interestingly,
Amiri-Dashatan et al’® reported that increased serum cortisol levels
are positively correlated with the severity of COVID-19. However,
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Table 1. Demographic, Clinical, and Biochemical Characteristics of the Patients at Baseline

Non-COVID-19
Characteristic Overall (n=106) COVID-19 Group (n=53) Group (n=53) P
Age = SD, years 599 +17.3 62.8 +18.1 57116 .093
Female sex, n (%) 68 (64.) 34 34
Comorbidities, n (%)
Hypertension 49 (46.2) 22 (41.5) 27 (50.9) .330
Diabetes mellitus 58(54.7) 15 (28.3) 43(811) <.001*
Cardiovascular disease 24 (22.6) 10 (18.9) 14 (26.4) .353
Chronic lung disease 15 (14.2) 7 (13.2) 8(151) .012*
Vaccination, n (%)
None 17 (16)
SinoVac .083
None 40 (37.7) 20 (37.7) 20 (37.7)
1dose 1(0.9) 1(1.8) 0
2doses 34 (3217) 14 (26.4) 20 (37.7)
3doses 19 (17.9) 14 (26.4) 5(9.4)
BioNTech <.001*
None 48 (45.2) 36 (679) 12 (22.6)
Tdose 23(21.7) 8(15) 15 (28.3)
2doses 13 (11.3) 5(9.4) 18 (33.9)
Treatment, n (%)
Anticoagulants 45 (42.5) 42 (79.2) 3(5.7) <.001*
Antibiotics 49 (46.2) 33(62.3) 16 (30.2) <.001*
Favipravir 36 (34) 36 (67.9) -
Steroids 23(21.7) 22 (41.5) 1(1.9) <.001*
Plasmapheresis 2(1.9) 2(3.8) -
Respiratory support, n (%) 18 (17) 16 (30.2) 2(3.8) <.001*
Nasal cannula 10 (55.6) 9(17) 1(1.9)
Face mask 4 (22.2) 4 (7.5) -
HFOT 3(16.7) 3(5.7) -
IMV 1(5.6) - 1(1.9)
Laboratory values, mean + SD or
median (IQR)
WBC, x10%/puL 798 (5.55-10.17) 6.96 (4.91-11.23) 816 (6.52-10.04) .730
Lymphocytes, x10%/uL 1.69 (1.04-2.43) 1.23(0.76-1.75) 212(1.6-2.94) <.001*
Platelets, x10%/uL 222 (176-270) 201(166-255) 232(201-271) .028*
CRP, mg/dL 17.6 (2-59.9) 51.6 (17.6-86.2) 2.5(2-18) <.001*
Creatinine, mg/dL 0.84 (0.7-1.25) 0.86(0.68-1.26) 0.83(0.73-1.21) .840
Bilirubin, mg/dL 0.5(0.3-0.7) 0.6 (0.4-0.8) 0.4 (0.3-0.6) .024*
Troponin |, ng/L 9.2(2.5-29.4) 10.2 (2.4-37) 6.2(3.6-9.8) 446
Ferritin, pg/L 225 (87-613) 242 (96-571) 162 (79-728) 611
ACTH, ng/L 13 (9-22) 11.5(7-21.5) 14 (10.5-26) .037
Cortisol, pg/dL 11.7 £5.6 111 (71-15.2) 12.5+6.613(6.9-17.2) 10.9 +4.211(7.4-13.4) 134
.210
Prognostic scores
APACHE-II 5(3-9) 6(4-10) 5(3-7) .030*
SOFA 1(0-2) 1(0-2.5) 0(0-1) .090
In-hospital stay, days 7 (3-10) 7 (3-10) 9 (6-11) .032*

ACTH, adrenocorticotropic hormone; APACHE-II, Acute Physiology And Chronic Health Evaluation; COVID-19, coronavirus disease 2019; CRP, C-reac-
tive protein; HFOT, high flow oxygen therapy; IMV, invasive mechanical ventilation; IQR, interquartile range; SOFA, Sequential Organ Failure Assess-

ment; WBC, white blood cells.
*P < .05.
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Figure1. Comparison of ROC curves for serum cortisol levels, APACHE-II, and SOFA scores predicting in-hospital mortality among
overall patient (A) and the COVID-19 subgroup (B). APACHE-II, Acute Physiology and Chronic Health Evaluation; COVID-19,
coronavirus disease 2019; SOFA, Sequential Organ Failure Assessment.

there is no comparison with non-COVID-19 patients in this analysis.
In a recent study from Iran, low serum cortisol levels at the admis-
sion of intensive care unit increased mortality rates in COVID-19
patients."

The majority of patients had at least 1 comorbid disease, most
commonly HT and diabetes. The prevalence of DM in COVID-19
patients also varies across geographical regions. According to the
International Diabetes Federation diabetes atlas tenth edition, the
prevalence of DM in Turkey is 14.5%.2° However, the rate of diabetic
patients was higher in our cohort. In accordance with the present
results, previous studies have demonstrated that patients suffering
from COVID-19 with diabetes had higher rates of hospitalization and
mortality than patients without diabetes. Hyperglycemia increases
the risk of mortality by decreasing the immune response.?’

Despite the higher prevalence of HT in the participants with COVID-
19, no correlation was found with mortality. These results are in line
with those of previous studies.’??* However, different results have
also been reported in early studies.”

This study has been unable to demonstrate that the SOFA score pre-
dicted mortality.??” Zou et al?® found that the APACHE-II score dem-
onstrated better in predicting in-hospital mortality due to COVID-19
than the SOFA score. Our study also found that the APACHE-II
score was higher in the deaths group than in the survivors group.
Considering the APACHE-II score (range 3-10) has a greater range of
values than the SOFA score (range 0-2.5) may be advantageous. The
discrepancy in the range of the 2 scores could contribute to why the
APACHE-Il and SOFA scores were statistically different.

This study demonstrated that serum cortisol levels of participants with
COVID-19 are not associated with in-hospital mortality. Nonetheless,
an attempt to perform an accurate clinical assessment solely based
on cortisol level measurements remains a compelling proposition.
The study showed that only the APACHE-II score is a sensitive prog-
nostic score of in-hospital deaths of all inpatients. However, the SOFA
and APACHE-Il scores are not good predictors of prognosis in COVID-
19 patients. In this context, we showed no association between in-
hospital mortality and cortisol levels, APACHE-II, and SOFA scores
in hospitalized patients with COVID-19. The prognostic value of the

Table 2. The Area Under Curve of Serum Cortisol Levels, Acute Physiology and Chronic Health EvaluationIl, and Sequential Organ

Failure Assessment Models in Predicting In-Hospital Mortality

AUC of Youden Cutoff
Models ROC 95% Cl of AUC Index J Sensitivity, % Specificity, % value Z statistic P
Overall
Cortisol, pg/dL 0.642 0.542-0.733 0.367 62.5 74.2 >21 1154 .249
APACHE-II 0.765 0.672-0.842 0.492 62.5 86.7 >9 0.698 .001*
SOFA 0.687 0.590-0.773 62.5 73.5 >1 1.701 .089
COVID-19 group
Cortisol 0.592 0.448-0.725 0.304 100 30.4 >71 0975 .329
APACHE-II 0.663 0.520-0.787 0.332 571 761 >9 1.532 125
SOFA 0.567 0.424-0.702 0158 571 58.7 >1 0.556 .578

APACHE-II, Acute Physiology and Chronic Health Evaluation Il; AUC, area under the curve; ROC, receiver operating characteristic; SOFA, Sequential

Organ Failure Assessment.
*P < .05.
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prognostic scores employed in our study, when applied to patients
diagnosed with COVID-19, remains to be determined.

The presentstudy has several limitations. First, this study did notinclude
severe COVID-19 patients who received steroids at first admission.
Second, the vaccination information of patients not allowed access to
the national database could not be obtained. Third, most patients in
the non-COVID-19 group consisted of diabetic patients hospitalized
in the endocrine clinic. Fourth, sex matching of the patients was per-
formed, but age matching could not be achieved exactly between the
groups. Despite the strict isolation protocols implemented in hospi-
tals during the COVID-19 pandemic, executing certain medical proce-
dures, including collecting multiple cortisol samples from patients or
administering dynamic tests, has become unfeasible.

This study demonstrated that serum cortisol levels of participants with
COVID-19 are not associated with in-hospital mortality. Nonetheless,
an attempt to perform an accurate clinical assessment solely based
on cortisol level measurements remains a compelling proposition.
The study showed that only the APACHE-II score is a sensitive prog-
nostic score of in-hospital deaths of all inpatients. However, the SOFA
and APACHE-II scores are not good predictors of prognosis in COVID-
19 patients. In this context, we showed no association between in-
hospital mortality and cortisol levels, APACHE-II, and SOFA scores
in hospitalized patients with COVID-19. The prognostic value of the
prognostic scores employed in our study, when applied to patients
diagnosed with COVID, remains to be determined.
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