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ABSTRACT

Background: COVID-19 causes physical and psychological stressors. The aim of this study is to
analyze the relationship of depression, anxiety, stress levels (DASS-21), salivary cortisol, and
platelet-lymphocyte ratio (PLR) with severity in COVID-19 patients.

Methods: This is a cohort prospective study. Inclusion criteria were new patient at isolation
room of Dr. Soetomo Hospital Surabaya with a confirmed COVID-19, 21-60 years, could answer
a questionnaire. Measurements of DASS-21, salivary cortisol levels (at 7-9 a.m), PLR, and
severity were carried out on day-0, 3, and 6 during hospitalization. Bivariate and multivariate
(logistic regression) analyses were conducted to assess the relationship between variables.
Results: 46 subjects were included in this study. On day-0, there were 34.8% subjects with very
severe levels of anxiety. DASS-21 score and PLR decreased significantly on day-3 and 6. The
anxiety (p=0.002), lymphocyte (p=0.000), PLR (p=0.000), and salivary cortisol levels (p=0.032)
were significantly different between the mild-moderate and severe group on day-0. In severe
group, lymphocyte and salivary cortisol levels were lower than the mild-moderate group. On
day-3, depression (p=0.021), anxiety (p=0.001), lymphocyte (p=0.025), and PLR (p=0.005) were
significantly different between mild-moderate and severe group. In multivariate analysis, PLR on
days O and 3 (respectively OR=1.015, p=0.012 and OR=1.010, p=0.013) and anxiety level on
day-3 (OR=1.225, p=0.019) had a significant effect on the severity of COVID-19.

Conclusion: Salivary cortisol was lower in the severe group on day 0. PLR on day-0 and 3 and
anxiety level on day 3 were independent factors related to the severe case. Improvements in all
variables were followed by decreasing COVID-19 severity.

Keywords: COVID-19, depression, anxiety, stress, cortisol, platelet-lymphocyte ratio, severity.

INTRODUCTION

Covid-19 pandemic has impacted more than 200 countries in the world. A person
diagnosed with COVID-19 experiences stress, both physically and psychologically. Stressor is
defined as any form of trauma, surgery, and infection that evokes a large number of neural and
hormonal responses, resulting in disruption of the homeostatic mechanism of the patient, which
aims to maintain and bring the patient to the healing process '
response (o stressor is the Hypothalamic — Pituitary — Adrenal (HPA) axis 2. Responses (o
stressors vary depending on the individual (genes, previous experiences, growth and
development processes) and the perspective on these stressors resulting in behavioral and

. The main neuroendocrine
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physiological responses >. Stress conditions that are not handled properly can have a negative
impact. Increased in psychological stress is associated with mortality .

Clinically, stressors can cause symptoms of anxiety, fear of certain contexts, anhedonic
and dysphoric, angry and aggressive, or dissociative ®. Symptoms of anxiety, depression, related
to psychological stress were found in COVID-19 patients who were treated in isolation rooms. In
a study conducted in Wuhan, patients in isolation rooms experienced depression, anxiety, and
insomnia 7. In Italy, patients undergoing isolation experience problems with an increased risk of
mental disorders, such as anxiety, mood, and addiction 8

When a stressor is detected and the signal is picked up by the central nervous system, it
results in activation of the HPA and Sympathetic Nervous System (SNS) axis, and subsequent
inflammatory, immune, and behavioral changes. Corticotropin-releasing hormone (CRH),
released by the hypothalamus, stimulates the release of adrenocorticotropin hormone (ACTH)
from the anterior pituitary in the bloodstream, and the adrenal glands produce cortisol: hence the
name stress hormone. HPA is regulated by a negative feedback mechanism in which cortisol
suppresses CRH and ACTH secretion '. The adrenal glands do not store cortisol, the increased
secretion is due to increased synthesis under the influence of ACTH. More than 90% of
circulating cortisol is bound to Corticotropin Binding Globulin (CBG) and less than 10% is free
and biologically active. This free cortisol is more accurate in describing the mechanism of the
HPA axis. Variations in CBG, albumin, and serum protein levels will not affect free cortisol 2
Salivary cortisol has an equilibrium value with serum free cortisol levels °. Salivary cortisol
reaches equilibrium within 2-3 minutes. Sampling is more convenient, non-invasive, non-
stressful, and measurements can be made >'°.

SARS-CoV-2 virus infection causes excessive production of proinflammatory cytokines,
called cytokine storm that affects the hematology and immune system, especially neutrophils, T
lymphocyte, and platelet '
and platelets. Cortisol causes lymphocytes to age more quickly. Aging T lymphocyte cells
cannot respond to stimulation from antigens to differentiate and proliferate, so the ability to

. Stress conditions and elevated cortisol can also affect lymphocytes

overcome infection will also decrease 4. Epinephrine released during stress causes platelet
activation and increases serotonin binding to its receptors, which in turn increases the activation
of other platelets in thrombus formation '*. Both parameters (platelets and lymphocytes) in the
form of the Platelet-Lymphocyte ratio (PLR) can show a correlation with mood disorders and
post-stroke depression. This is associated with the inflammatory mechanism underlying these
psychological disorders '®!7. Based on these previous studies, the PLR is expected to describe
the inflammatory and stressful conditions experienced by COVID-19 patients.

The aim of this study is to analyze the relationship between depression, anxiety, and stress
levels, cortisol levels and the work of the immune system in COVID-19 patients. This study is
expected to provide a better pathophysiological description of the stressful conditions
experienced, routine laboratory examinations that can describe the patient's condition, and its
effect on patient severity. With a better understanding of the stress factors experienced by
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patients, interventions for related factors can be applied to improve conditions and reduce
mortality rates in COVID-19.

METHOD

This is a cohort prospective study. Ethical clearance was issued by Health Research
Ethics Committee Dr. Soetomo Hospital Surabaya, Indonesia. Study was conducted from May to
July 2021 in Dr. Soetomo Hospital Surabaya. Sampling technique was consecutive random
sampling. All COVID-19 patients, who were hospitalized in the Isolation Room and fulfilled the
inclusion criteria, were included in this study. Inclusion criteria were: age 21 — 60 years old, new
patients with confirmed COVID-19 diagnosis and admitted to the Isolation Room, could
communicate orally and are able to answer questionnaires (without endotracheal intubation), and
agreed to be the subject of this study. Exclusion criteria were patient with severe cognitive
deficits, trauma or undergoing surgery, pregnancy or the puerperium, history of autoimmune
disease or taking steroids and immunosuppressants before, HIV infection, malignancy or
undergoing chemotherapy, previously been treated in another isolation room for 7 days or more.
Drop out criteria were withdrew from research, refuse further treatment, or died before 3" day of
hospitalization.

New patients admitted to the isolation room were explained about this study. If they
agreed to be a subject in this study, the patient signed an informed consent. Age, BMI,
comorbidities, and level of education were recorded in this study. Levels of depression, anxiety,
stress, salivary cortisol, PLR, and COVID-19 severity were assessed periodically on days-0, 3,
and 6. This measure was based on the stress response period experienced by the patient, namely
the ebb/ shock/ alarm reaction phase in the first 24 hours after exposure to stressor and flow/
resistance/ contra-shock phase at 6-7 days after exposure to stressor '8 Stressors in this study
were defined as confirmed COVID-19 diagnosis and hospitalization in isolation room. Subjects
who were allowed to leave the isolation room (self-isolation) or had a worsening condition
(require mechanical ventilation) between days-3 and 6 were still included in the study and were
given special notes. All patients received therapy according to practical guidelines in Dr.
Soetomo hospital Surabaya (which included dexamethasone 6 mg intravenous once daily for 10
days).

Levels of depression, anxiety, and stress were measured using the Depression, Anxiety,
and Stress (DASS)-21 questionnaire in Bahasa Indonesia. The DASS-21 was developed by
researchers at the University of New South Wales Australia '°. This is a self-report questionnaire
with Likert-type answers ranging from 0 to 3 (0 = did not apply to me at all, 1 = applied to me to
some degree, or some of the time, 2 = applied to me to considerable degree, or a good part of
time, 3 = applied to me very much, or most of the time), consisting of three components to
measure negative emotional states of depression, anxiety and stress. The sensitivity and
specificity of this questionnaire in diagnosing depression and anxiety were 79.1% and 77%,
respectively 2°. The DASS-21 questionnaire in Bahasa Indonesia has good internal consistency
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(the Cronbach Alpha formula of 0.9483) 2!. In this study, the questionnaire was modified every 3
day.

Salivary cortisol levels were measure using Cortisol Enzyme Immunoassay Kit
(Salimetrics©). Saliva (1-2 ml) was collected at 7-9 a.m on day 0, 3, and 6. Whole saliva was
collected by unstimulated passive drool. Patients put the saliva into a polypropylene vial. After
collection, sample was refrigerated for 30 minutes, and frozen at below -20°C. On day of assay,
the saliva samples were thawed completely, vortex, and centrifuged at 1500 x g for 15 minutes to
remove mucins and other particulate matter which may interfere with antibody binding and
affect results. Samples should be at room temperature before adding to assay plate. The clear
sample was pippeted into a suitable well. Cortisol in standards and samples compete with
Cortisol conjugated to horseradish peroxidase for the antibody binding sites on a microtitre plate.
After incubation, unbound components are washed away. Bound Cortisol Enzyme Conjugate is
measured by the reaction of the horseradish peroxidase enzyme to the substrate
tetramethylbenzidine (TMB). This reaction produces a blue color. A yellow color is formed after
stopping the reaction with an acidic solution. The optical density is read on a standard plate
reader at 450 nm. The amount of Cortisol Enzyme Conjugate detected is inversely proportional
to the amount of Cortisol present in the sample. Normal range in this study 0.094 — 1.551 pg/dl

Platelet and lymphocyte levels were measured from venous blood. 2-3 ml of venous
blood was drawn using a sterile disposable syringe on day 0, 3, and 6. The blood sample was put
into a tube that already contained EDTA Darah sebanyak 2-3 ml dimasukkan ke dalam tabung
yang telah diberi EDTA. The sample was subjected to a complete blood count using a Sysmex
XN-3000 hematology analyzer machine.

COVID-19 severity was classified using WHO criteria. Mild disease: symptomatic
patients meeting the case definition for COVID-19 without evidence of viral pneumonia or
hypoxia. Moderate disecase: Adolescent or adult with clinical signs of pneumonia (fever, cough,
dyspnoea, fast breathing) but no signs of severe pneumonia, including SpO2 > 90% on room air.
Severe disease: Adolescent or adult with clinical signs of pneumonia (fever, cough, dyspnoea,
fast breathing) plus one of the following: respiratory rate > 30 breaths/min; severe respiratory
distress; or SpO2 < 90% on room air. Critical disease: Acute Respiratory Distress Syndrome
(ARDS), Sepsis, Septic shock, or other complications that have been described in COVID-19
patients include acute, life-threatening conditions such as: acute pulmonary embolism, acute
coronary syndrome, acute stroke and delirium. Clinical suspicion for these complications should
be heightened when caring for COVID-19 patients, and appropriate diagnostic and treatment
protocols available 23.

Demographic data and all variables are presented in descriptive statistics. The data
presents in the form of Mean + SD for data with normal distribution and Median (range) for data
not normally distributed. Comparative test (Related-Samples Friedman’s Two-Way Analysis Of
Variance by Ranks or Reapeted ANOVA) was conducted to determine the significance of the
differences of the variables at each measurement time (day-0, 3, and 6). Variables were
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processed using univariate and multivariate statistical analysis. Severity COVID-19 was
classified into two categories, mild-moderate group and severe group. Univariate analysis was
performed to compare various variables according to the type of data (Independent-Samples
Median Test, or paired T-Test). Variable associated with p < 0.05 on univariate analysis were
included in the multivariate analysis. The multivariate analysis was performed using a logistic
regression model, with a stepwise backward elimination procedure. to determine variables that
contribute to severe disease in COVID- 19 patients. That variable presented as odds ratios,
including 95% confidence intervals. IBM SPSS Statistic version 23.0 was used for all analysis.

RESULT

There were 46 subjects met the inclusion critera. Majority of subjects was overweight and
obesity (52.3%). Mortality in this study was 2.2%.

Table 1. Characteristics of Subjects.

Characteristics N (%) Mean + SD Median (IQR)
Sex
Male 26 (56.5%)
Female 20 (43.5%)
Education levels
Elementar
o y 9 (19.6%)
Junior high school 4 (8.7%)
Senior high school 23 (500%)
Undergraduate 10 (21.7%)
Age (years) 41.6+£114 41.5 (20.0-60.0)
BMI (kg/m?) 270458 25.1 (18.3-52.0)
Normal (18.0-24.9) 22 (47 8%)
Overweight and obesit
25.0) g Y 24 (522%)
Comorbidities
Hypertension 8 (17.4%)
Diabetes mellitus 9 (19.6%)
Mortality 1(2.2%)

All variables (table 2.) had significant changes on day-0, 3, and 6. Majority of subject
experienced anxiety. On day-6, 30 subjects left. The condition of 16 subjects improved. They
were allowed to self-isolate. On day-0, there were 34.8% subjects with very severe levels of
anxiety. Depression, anxiety, and stress level decreased significantly on day-3 and 6. Platelet and
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lymphocyte increased on day-3 and 6. PLR decreased significantly on day-3 and 6. Median of
Salivary cortisol level was lowest on day-3.

Table 2. Median (IQR) De

pression, Anxiety, and Stress Level (DASS-21) on Day-0, 3, and 6

Day
0 3 6
N (%) N (%) N (%) P
46 (100.0) 46 (100.0) 30 (100.0)

Depresi — Median (range) 40 (0.0-20.0) 2.0 (0.0-14.0) 0.0 (0.0-12.0) 0.000*

Normal — N(%) 37 (80.4%) 43 (93.5%) 29 (96.7%)

Mild 5 (10.9%) 2 (4.3%) 1 (3.3%)

Moderate 4 (8.7%) 1(2.2%) -

Severe - - -

Very Severe - - -
Ansietas — Median (range) 12.0 (0.0-36.0) 11.0(0.0-28.0) 4.0 (0.0-26.0) 0.000%*

Normal 12 (26.1%) 19 (41.3%) 20 (66.7%)

Mild 3 (6.5%) - 2 (6.7%)

Moderate 12 (26.1%) 13 (28.3%) 2 (6.7%)

Severe 3 (6.5%) 7(15.2%) 3 (10.0%)

Very Severe 16 (34 8%) 7 (15.2%) 3(10.0%)
Stres — Median (range) 2.0(0.0-200) 3.0(0.0-18.0) 1.0 (0.0-12.0) 0.036%

Normal 44 (95 7%) 44 (95.7%) 30 (100.0%)

Mild - 2 (4.3%) -

Moderate 2 (4.3%) - -

Severe - - -

Very Severe - - -
Platelet (10°/ul) — Mean £SD | 291.3+109.0 3600+ 128.6 4170+ 1358 0.000+
Lymphocyte (10%/ul) — 1.085 1.275 1.665 0.000%
Median (range) (0.550-3.880) (0.500-2.680) (0.990-3.890) i

. 2475 2330 2070

PLR — Median (range) (69.9-555.3) (94.7-1,063.6) (105.0-478.5) 0.019*
Salivary cortisol (mcg/dl) — 0.230 0.170 0.242 0.004%

Median (range)

(0.023-1.488)

(0.021-1.428)

(0.085-1.265)

*Related-Samples Friedman’s Two-Way Analysis Of Variance by Ranks; {Repeated ANOVA

Table 3, 4, and 5 show the differences of the depression, anxiety, stress levels, platelet,
lymphocyte, PLR and salivary cortisol levels in the mild-moderate and severe severity groups on

day-0, 3, and 6.
Table 3. Univariate Analysis of day-0
Severity
Mild-moderate Severe P
N=27(58.7%) N=19 (41.3%)
DASS-21 — Median (range)
Depression score 2.0(0.0-14.0) 4.0 (0.0-20.0) 0.692"
Anxiety score 10.0 (0.0-30.0) 200 (4.0-36.0) 0.002
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Stress score 2.00 (0.0-20.00) 2.00(0.0-12.0 0.566"
Platelet (10°/u]) — Mean = SD 2752+956 3142+ 1246 0.236'
Lymphocyte (10%/ul) — Median (range) 1.215 (0.650-3.880) | 0.870 (0.550-1.410) 0.000°
PLR — Mean + SD 217.6+74.6 3502+ 1199 0.0007
Salivary Cortisol (pg/dl) — Median (range) 0.328 (0.087-1 .488) | 0.193 (0.023-0.665) 0.032°

*Independent-Samples Median Test; "paired T-test

There were significant differences between the mild-moderate and severe group in the

anxiety level, lymphocyte levels, PLR, and salivary cortisol levels. In the group with severe
group, lymphocyte and salivary cortisol levels were lower than the mild-moderate group.

Table 4. Univariate Analysis of day-3

Severity
Mild-moderate Severe P
N=30(65.2%) N=16 (34.8%)
DASS-21 — Median (range)
Depression score 0.0 (0.0-8.0) 4.0 (0.0-14.0) 0.021*
Anxiety score 6.0 (0.0-18.0) 14.0 (4.0-28.0) 0.001*
Stress score 2.0 (00-14.0) 4.0 (0.0-16.0) 0.122%
Platelet (10°/ul) — Mean = SD 2922+927 2805+ 1379 0.937%
Lymphocyte (10%/ul) — Median (range) 1.500 (0.830-2.680) | 0.950 (0.500-1.870) 0.025*
PLR — Mean + SD 219.5 (108.0) 435.1 (313.0) 0.005*
Salivary Cortisol (pg/dl) — Median (range) 0.139 (0.021-2.853) | 0.206 (0.027-1.428) 0.460%*

*Independent-Samples Median Test; "paired T-test

There were significant differences between the mild-moderate and severe group on day-3

in the depression, anxiety level, lymphocyte levels, and PLR. In the group with severe group,
lymphocyte level was lower than the mild-moderate group.

Table 5. Univariate Analysis of day-6

Severity
Mild-moderate Severe P
N=27(90.0%) N=3(10.0%)
DASS-21 — Median (range)
Depression score 0.0 (00-120) 20(2.0-8.0) 0.016*
Anxiety score 4.0(0.0-220) 220(2.0-26.0) 0.320%
Stress score 0.0 (00-120) 4.0 (0.0-4.0) 0.543*
Platelet (10°/ul) — Mean + SD 4220 (146.0-645.0) | 531.0 (385.0-613.0) 0.543*
Lymphocyte (10%/ul) — Median (range) 1.730 (1.030-3.890) 1.470 (0.990-2.220) 0.543*
PLR — Median (range) 187.2 (105.0-478.5) | 361.2(276.1-388.9) 0.068*
Salivary Cortisol (pg/dl) — Median (range) 0.245 (0.085-1.265) | 0.160 (0.101-0.327) 0.543*

*Independent-Samples Median Test
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There was significant difference between the mild-moderate and severe group on day-6 in
the depression score. Result on day-6 was not included in multivariate analysis.

All variables were grouped into decreased, fixed, and increased to analyze changes
during treatment and their effect on changes in the COVID-19 severity. Changes were obtained
from the difference in measurements on day O and 6.
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Table 6. Distribution Frequency The Changes of DASS-21 score, Platelet, Lymphocyte, PLR,
and COVID-19 Severity on day-0 and 6

Severity
Improve Fixed or worse e P
DASS-21
Depression score
Decrease 12 (40.0%) 8(26.7%) 20 (66.7%)
Fixed 4(13.3%) 3(10.0%) 7 (23.3%) 1.000
Increase 2 (6.7%) 1 (3.3%) 3 (10.0%)
Anxiety score
Decrease 16 (53.3%) 7(23.3%) 23 (76.7%)
Fixed 0 (0.0%) 1 (3.3%) 1 (3.3%) 0.099
Increase 2 (6.7%) 4(13.3%) 6 (20.0%)
Stress score
Decrease 10 (33.3%) 7(23.3%) 17 (56.7%)
Fixed 2 (6.7%) 2(6.7%) 4 (13.3%) 1.000
Increase 6 (20.0%) 3(10.0%) 9 (30.0%)
Platelet
Decrease 5(16.7%) 2 (6.7%) 7 (23.3%) 0.669
Increase 13 (43.3%) 10 (33.3%) 23 (76.7%) ’
Lymphocyte
Decrease 2 (6.7%) 4(13.3%) 6 (20.0%) 0.184
Increase 16 (53.3%) 8(26.7%) 24 (80.0%) ’
PLR
Decrease 14 (46.7%) 6(20.0%) 20 (66.7%) 0.139
Increase 4(13.3%) 6 (20.0%) 10 (33.3%)
Salivary Cortisol
Decrease 10 (33.3%) 9(30.0%) 19 (63.3%) 0.442
Increase 8 (26.7%) 3(10.0%) 11 (36.7%) )

*Fisher’s Exact Test

There were not any significant relationship between changes of DASS-21 score, platelet,
lymphocyte, PLR, and salivary cortisol with COVID-19 severity. However, improvements in all
variables were in line with the decreasing severity of COVID-19.

These are multivariate analysis of variables that contribute to severe disease in COVID-
19 day -0 and 3 (table 7).
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Table 7. Multivariate analysis variable on day-0 and 3
Coefficient 0dds Ratio (OR) 95% CI p
Day-0
Anxiety Level 0.065 1.068 0967 - 1.179 0.196
Salivary Cortisol -3.558 0.029 0.000 — 1.850 0.095
Lymphocyte -0.003 0.997 0.994 — 1.000 0.056
PLR 0015 1.015 1.003 - 1.026 0.012
Constant 0.067
R-Square 62.9%
Day-3
Depression Level 0.257 1.293 0.905 — 1.845 0.158
Anxiety Level 0.203 1.010 1.044 — 1 436 0.013
Lymphocyte -0.001 0.999 0.996 - 1.001 0.308
PLR 0010 1.225 1.002 -1.019 0.019
Constant -6.189
R-Square 63.0%

On day-0, PLR had a significant influence on the incidence of severe COVID-19 (OR
(95%CI)=1.015 (1.003 — 1.026); p=0.012). The magnitude of the influence was 62.9%. On day-
3, Anxiety level and PLR had a significant influence on the incidence of severe COVID-19
(respectively OR (95%CI)= 1.010 (1.044 — 1.436); p= 0.013 and OR (95%CD= 1.225 (1.002 -
1.019); p=0.019). The magnitude of the influence was 63.0%.

DISCUSSION

More than half of the research subjects were overweight and obese. Obesity is often
associated with disorders of the HPA axis. However, it is still unclear whether obesity causes
HPA axis disorders or HPA axis disorders cause obesity. Obesity can cause an increase in
cortisol levels triggered by prolonged stress, which in turn results in the accumulation of adipose
tissue and weight gain. However, when the study was conducted in the chronically stressed
group, it was found that the HPA axis was hypoactive in patients with abdominal obesity >*. In
addition, there was an increased risk of experiencing a more severe disease of COVID-19 and
increased risk of hospitalization and intensive care in obese patient groups 2. Mechanisms that
can explain the relationship between obesity and the risk of critical illness in COVID-19 are:
changes in the physiology of the respiratory system, chronic inflammation, impaired pulmonary
perfusion, endocrine dysfunction, comorbid complications, and dysregulation of the immune
system 2728,

In this study, mortality was experienced by 1 subject. The subject experienced a decrease
in condition after the 3rd day of treatment, then endotracheal intubation was performed. Subject
had an increase in scores of depression, anxiety, stress (DASS-21), RPL, and salivary cortisol
levels in line with the worsening of the clinical condition. It was in contrast to most of the
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subjects who experienced an improvement in clinical condition and all parameters which
measured.

Majority of subject had a high anxiety level on day-0. Depression, anxiety, and stress
level were going down on day-3 and 6. This phenomenon showed the stress response and coping
mechanism of the patient. A person who was diagnosed with confirmed COVID-19 and must be
treated in a special isolation room is a stressor condition. This condition will trigger a primary
assessment process in which individuals will assess the threat level of a condition in relation to
well-being. When an event is assessed as a threat or challenge, the secondary assessment process
provides a global assessment of resources and capabilities to manage the threat. Socio-cultural
factors (such as: social and family support. interpersonal relationships), emotional
(spirituality/religiosity, purpose in life, motivation), cognitive (awareness, intuition, intelligence,
problem solving skills, reflection, attachment, and education levels), and physical conditions
(physical illness, drugs consumed) can affect the process of coping mechanisms 2%, Coping
mechanisms are expected to bring individuals to adapt and create conditions of eustress (stress
resolved). In this study, most of the patients had a lower DASS-21 score and severity of COVID-
19 on day-6. This condition can indicate that the research subjects are able to cope with stressors
and followed by improvement of clinical condition. On the other hand, the majority of patients in
this study had mild to moderate severity and clinical improvement was noted during treatment.
This condition showed the immune system was still able to overcome the infection. Improvement
of the patient's physical condition could also affect the reduction of stress levels.

There was a significant lower levels of salivary cortisol in the severe COVID-19 group
compared to mild-moderate group on day 0. In a previous study conducted in China, it was found
that the cortisol levels of critically ill patients due to COVID-19 were lower than those of non-
COVID-19 critically ill patients. Two-thirds of critically ill patients with COVID-19 have a
plasma cortisol value of < 10 pg/dl, which is a diagnostic criteria for Critical Illness Related
Corticosteroid Insufficiency (CIRCI) 3! In Alzahrani et al. study, 32% of the COVID-19 subjects
were included in the low cortisol category. In addition, there was also a negative relationship
between ACTH and blood cortisol levels with severity, the lower the ACTH and cortisol levels,
the higher the disease severity **.

This opposite relationship is associated with the suspicion that the SARS-CoV-2 virus
attacks the adrenal cortex, which produces cortisol. In a postmortem study of severe COVID-19
patients, almost half of the patients had adrenal gland lesions ', In addition to structural
changes in the adrenal glands of COVID-19 patients, another hypothesis that influences the HPA
axis in COVID-19 is molecular mimicry of the SARS-CoV-2 virus with ACTH. The immune
system will attack endogenous ACTH which further decreases the production of cortisol 433,
More than half of the subjects were overweight and obese. In patients with chronic stress and
obesity, the HPA axis is hypoactive so that cortisol levels are also lower 2434,

In previous studies, platelets and lymphocytes were associated with the severity of
COVID-19. Lymphopenia is almost always found in severe cases (associated with an increase in

cytokine production) ''. Several suspected mechanisms of lymphopenia are lymphocyte
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exhaustion due to repeated T cell stimulation, T cell apoptosis, and direct infection of
lymphocytes by the SARS-CoV-2 virus 7 Thrombocytopenia was seen in one third of patients
with COVID-19. Some of the mechanisms of thrombocytopenia are direct infection of the bone
marrow and inhibition of platelet synthesis, destruction of platelets due to the immune system,
and platelet aggregation in the lung resulting in microthrombus and platelet consumption *4°_ In
the study, it was found that the decrease in lymphocytes was more than the platelets, so the PLR
was increased. Thrombocytopenia was not found in most of the study subjects. Most of the
subjects included had mild to moderate severity.

The results of this study are similar to those of previous studies. Patients with severe
degrees had a higher RPL than those with mild degrees. In addition, RPL also describes disease
progression and prognosis of the disease ' .

There were some limitations of this study. This study included non-critical patients,
related to the DASS-21 questionnaire. It could not describe the complete spectrum of the
variables at various levels of COVID-19 severity. Stress levels in the previous period were not
assessed. Chronic stress factors can affect the HPA axis and the patient's salivary cortisol levels.
Corticosteroid therapy as one of the therapies given to patients confound the results of salivary
cortisol levels.

CONCLUSION

Level of depression, anxiety, and stress of COVID-19 patients was quite high (especially
anxiety) on day 0 of hospitalization. Overall DASS-21 score decreased on the 6" day of
hospitalization. Salivary cortisol was lower in the severe group on day 0. PLR on days 0 and 3
and anxiety level on day 3 were independent factors related to the severe case of COVID-19.
severity. Improvements in all variables were in line with the decreasing severity of COVID-19,
although non statistically significant.
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