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Introduction:  Rise  of  central  cytokines  resulting  from  infections  produces  neuronal  changes.  Covid-19
allows  the  study  of  depressive  symptoms  in  sustained  stress  and  its  relationship  with  molecular  mech-
anisms.
Objectives:  To assess  correlation  between  IL-6, IL-1�  and  TNF-�  and  depressive  symptoms.  Characterize
the  depressive  symptoms  present.
Methods:  Observational  study.  Patients  admitted  for  Covid-19  older  than  60  years  with  a  interleukin
determination  were  included.  The  Yesavage  Geriatric  Depression  Scale  was  used,  associating  each  item
with a neurotransmitter.
Results:  27 patients  included.  We  did  not  find  correlation  between  IL-6  levels  and  the  GDS scale  score
(rho  =  0.204;  95%  CI  −0.192  to 0.543);  with  IL-1�  levels  (rho = −0.126;  95%  CI  −0.490  to 0.276);  nor  of TNF-
�  (rho  =  −0.033;  95%  CI −0.416 to 0.360).  3 patients  (11.1%)  presented  score  compatible  with  depressive
disorder.  It  was  associated  with  a deficiency  of  Noradrenaline  and  Serotonin.
Conclusions:  We  found  no  correlation  between  the  levels  of IL-6,  IL-1�,  and  TNF-�  with  the GDS score.
Depressive  symptomatology  is  similar  to  vascular  depressions.

©  2020  Elsevier  España,  S.L.U.  All  rights  reserved.

Relación  entre  los  niveles  de  interleucina  6  y  depresión  en  pacientes  afectados
por  Covid-19
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Introducción:  El  incremento  de  citocinas  centrales  resultante  de  infecciones  produce  cambios  neuronales.
La  Covid-19  permite  estudiar  los síntomas  depresivos  en  un  estrés  sostenido  y  su relación  con  mecanismos
moleculares.
Objetivos:  Valorar  la  correlación  entre  niveles  de  IL-6,  IL-1�  y TNF-�  y  sintomatología  depresiva.  Carac-
terizar  los  cuadros  depresivos  presentes.
Métodos:  Estudio  observacional.  Se  incluyeron  pacientes  ingresados  por  Covid-19  mayores  de  60  años  con
una determinación  de  interleucinas.  Se utilizó  la Escala  de depresión  geriátrica  de  Yesavage,  asociándose
cada  ítem  con  un  neurotransmisor.
Resultados: 27  pacientes  incluidos.  No  encontramos  correlación  entre  los niveles  de IL-6  y la  puntuación

de  la escala  GDS  (rho =  0,204;  IC95%  −0.192  a 0.543);  con  los niveles  de  IL-1�  (rho  =  −0,126;  IC95%  −0.490  a

0.276);  ni  de  TNF-�  (rho  =  −0,0
compatible  con  cuadro  depres
Conclusiones:  No  hallamos  cor
GDS.  La sintomatología  depres

� Please cite this article as: Serrano García A, Montánchez Mateo J, Franch Pato CM,  Gó
e  interleucina 6 y depresión en pacientes afectados por Covid-19. Med  Clin (Barc). 2021
∗ Corresponding author.

E-mail address: drantonioserranogarcia@gmail.com (A. Serrano García).

387-0206/© 2020 Elsevier España, S.L.U. All rights reserved.
33;  IC95%  −0.416  a 0.360).  3 pacientes  (11,1%)  presentaron  una  puntuación
ivo.  Se  asoció  a  déficit de  Noradrenalina  y Serotonina.
relación  entre  los  niveles  de  IL-6,  IL-1�  y TNF-�  con  la  puntuación  en  la
iva  presenta  características  similares  a  las  depresiones  vasculares.

© 2020  Elsevier  España,  S.L.U.  Todos  los  derechos  reservados.
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ntroduction

Psychological stress or the stress caused by an infection acti-
ates toll-like receptors which, once the NF-kB transcription factor
r NLRP3 inflammasome and other inflammatory cytokines have
een activated, increase the levels of interleukin 1 beta (IL-1�) and

nterleukin 6 (IL-6), leading to general disease symptoms as well
s symptoms characteristic of depression such as dysphoria and
nhedonia.1

Increased IL-1�, IL-6 and TNF-� as a result of infections or stress
eads to stimulation of the glutamatergic NMDA and �-amino-3-
ydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors, as
ell as a decrease in the expression of neuronal GABA-A receptors,

ausing an increase in reversible excitability.2

The NF-kB pathway complex is present in a wide variety of cells
uch as lymphocytes and endothelial cells. Activation of the NF-kB
athway and subsequent production of cytokines may  be related
o the deterioration of endothelial cells. In vitro and animal depres-
ion models have shown that TNF-� modifies the endothelial cells
f the blood-brain barrier by increasing permeability and reduc-
ng tight junction protein expression associated with extracellular
paces. The NF-Kb-IKK signalling pathway has been associated with
he regulation of neuronal morphology, necessary and sufficient to
nduce anxiety- and depression-like behaviours in mice.3

Benros et al. conclude that the increased risk of suffering from
 mood disorder after hospitalization for infections and autoim-
une diseases was 62% (RRI, 1.62; 95% CI 1.60–1.64) and 45% (RRI,

.45; 95% CI 1.39–1.52) respectively. When they had both, the risk
ncreased further (RRI, 2.35; 95% CI 2.25–2.46).4

Covid-19 provides a model for studying depression in the
ontext of sustained stress and its correlation with molecular mech-
nisms.
The main objective of this study is to assess the correlation
etween IL-6 levels and depressive symptoms. Secondary objec-
ives were to assess the same correlation between depressive
ymptoms and IL-1� and TNF-� levels, as well to characterise

able 1
orrelation of the questions of the Yesavage scale with psychopathology and associated n

Are you basically satisfied with your life? 

Have you given up many of your activities and interests? 

Do  you feel that your life is empty? 

Are  you often bored? 

Are  you hopeful for the future? 

Are  you troubled by thoughts you cannot get out of your head? 

Are  you often in good spirits? 

Are  you afraid that something bad is happening to you? 

Do  you feel happy most of the time? 

Do  you often feel helpless? 

Are  you often restless and uneasy? 

Do  you prefer to stay at home, rather than going out and doing new things? 

Are  you frequently worried about the future? 

Do  you feel you have more problems with memory than most? 

Do  you think it is wonderful to be alive now? 

Do  you often feel discouraged and melancholic? 

Do  you feel pretty worthless the way you are now? 

Are  you very worried about the past? 

Do  you find life very stimulating? 

Is  it difficult for you to start new projects? 

Do  you feel full of energy? 

Do  you feel that your situation is hopeless? 

Do  you think that most people are better off than you are? 

Are  you often worried about little things? 

Do  you often feel like crying? 

Do  you have trouble concentrating? 

Do  you feel better in the morning when you wake up? 

Do  you prefer to avoid social gatherings? 

Is  it easy for you to make decisions? 

Is  your mind as sharp as it used to be? 
arc). (2021);156(7):332–335 333

psychopathologically the depressive symptoms present during
hospitalization.

Material and methods

Observational study. Patients admitted for covid-19 were
included. The study was  approved by the Clinical Research Ethics
Committee of the León and El Bierzo Health Areas on 17th April
2020 (case file 2062).

Inclusion criteria:

1 Over 60 years of age admitted to hospital for covid-19 in whom
determination of IL-6 is indicated.

2 Verbal informed consent.

Exclusion criteria:

- Inability to complete clinical scales.

Verbal informed consent was chosen because it does not change
the clinical intervention and because eliminating the need to use
writing tools reduces the risk of contagion.

Laboratory and sociodemographic data were obtained from the
medical records of the patients that were included.

The Yesavage Geriatric Depression Scale (GDS)5 was  used for
the evaluation of depressive symptoms (study variable) because it
is easy to apply and has a study population-adapted profile.

The dichotomous structure of the GDS allows, in a hypotheti-
cal way, to correlate each item with a depressive symptom and, in
turn, with the theoretical regulatory neurotransmitter (Table 1). A
consensus was reached between 3 psychiatrists with more than 10
years of experience for this correlation. Although there may  be dis-

crepancies on its utility and accuracy, it allows for an approach that
views depressive symptomatology as a continuum with normality,
from a non-dualistic theoretical model, considering psychopathol-
ogy as a symptom of a systemic disease.

eurotransmitters.

Symptom Neurotransmitter

Hopelessness SER
Anergy NA
Hopelessness SER
Anhedonia DA
Hopelessness SER
Rumination SER
General mood SER
Anxiety NA
Anhedonia DA
Loneliness SER
Restlessness NA
Apathy NA
Rumination SER
Concentration DA
Anhedonia DA
Sadness SER
Self esteem SER
Rumination SER
Anhedonia DA
Anergy NA
Anergy NA
Hopelessness SER
Hopelessness SER
Rumination SER
Lability SER
Concentration DA
Melancholic pole SER
Social phobia SER
Doubt SER
Concentration DA
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Table 2
Study variables score.

N Minimum Maximum Mean Deviation

Age 27 60 86 68.70 8.384
Days  of admission 27 2 30 8.59 6.829
IL-6  27 0.00 491.00 55.5785 110.85174
IL-1B 26 0.00 16.00 1.3477 3.06463
TNF-alpha 26 0.0 22.5 1.315 4.3663
PCR  27 1.00 377.70 85.9037 108.87488
Ferritin 27 48 4.315 1,297.56 1,138.221
D-dimer 27 119 56.645 3,772.81 10,788.393
Haemoglobin 27 8.50 15.40 12.8519 1.67318
Red  blood cells 27 2.96 5.30 4.2456 0.60749
Platelets 27 7 639 232.07 132.877
INR  27 0.90 1.32 1.1100 0.10392
Fibrinogen 27 294 1.082 616.22 212.516
Leukocytes 27 0.40 18.30 8.6259 4.60231
Neutrophils 27 0.09 17.02 7.2315 4.38565
Lymphocytes 27 250 2.280 782.22 483.054
SatO2 27 90 98 93.89 2.242
Temperature 27 34.50 37.10 36.1222 0.59247
Systolic BP 27 94 165 124.15 21.025

96 77.96 11.657
106 79.26 14.725
26 6.48 5.395
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Diastolic BP 27 47 

Heart  rate 27 53 

Total  GDS 27 0 

Data collection was carried out at the León University Healthcare
omplex (CAULE) between 17th April and 7th May  2020, when it
as interrupted because requests for IL-6 levels ceased. We do not

now the reason for this cessation, although it coincides with the
nd of the most intense phase of the pandemic.

Spearman’s rho test was  used to estimate the correlations.

esults

The determination of IL-6 levels was requested in the case of
8 admitted patients over the age of 60; 3 of them did not have
ovid-19, 5 were admitted to the ICU, 2 died, 4 had cognitive
bnormalities and 7 had been discharged or transferred. Finally, 27
atients were included in the study. Patients were detected through
he Immunology laboratory, which reported the IL-6 determina-
ions requested, regardless of the reason.

The sociodemographic and laboratory variables are shown in
able 2. The profile of the patient over 60 years of age, admit-
ed to the ward for Covid-19 whose IL-6 levels are requested is

 male (70.4%), from rural areas (51.9%), and interleukin levels are
equested around the eighth day of admission.

We found a mean elevation of IL-6 levels, strongly influenced
y extreme values (median 11 pg/mL). Increased levels of CRP, fer-
itin, d-dimer and heart rate, and decreased oxygen saturation and
ymphocytes were observed. The rest of the parameters remained
t normal levels.

Psychopathologically, 3 of the 27 patients (11.1%) had a score
n the GDS scale compatible with the presence of a depressive
isorder.

We found no correlation between IL-6 levels and the score
btained on the GDS scale (Spearman’s rho = 0.204; 95% CI from
0.192 to 0.543). We  also found no correlation between the GDS

cale and IL-1� levels (Spearman’s rho = −0.126; 95%CI from −0.490
o 0.276); nor with TNF-� levels (Spearman’s rho = −0.033; 95%CI
rom −0.416 to 0.360).

For the psychopathological characterization we performed
 weighting between different neurotransmitters. According to
able 1, 17 items were assigned to serotonin, 6 to norepinephrine
nd 7 to dopamine. We  divided the score obtained for each neu-

otransmitter by the number of items assigned. We  found that
he psychopathological condition shows symptoms associated with
eficits in noradrenaline (mainly) and serotonin, and very little in
opamine. Fig. 1 shows the neurotransmitter abnormalities found.
Fig. 1. Representation of the weighted values of different neurotransmitters (scale
from 0 to 1). Serotonin: mean 0.22 ± 0.19; median 0.18. Noradrenaline: mean
0.31 ± 0.25; median 0.33. Dopamine: mean 0.12 ± 0.20; median 0.14.

Discussion

The sample was  limited to patients admitted to hospital. There-
fore, it cannot be extrapolated to the most severe conditions
(patients admitted to the ICU have not been included), nor to mild
conditions.

The scarcity of patients with GDS scale scores compatible with
depressive symptoms stands out (only 3). Patients were in a situa-
tion of hospitalization for a little-known, potentially lethal disease,
isolated and without visits. The mean stay at the time of assessment
was higher than 8 days. We  consider that the patients were sub-
jected to a situation of intense stress, but the responses to the GDS
scale hardly reflect the presence of depressive symptoms. It would
be necessary to consider other factors with an effect on mood, such
as the euphoric effect of corticosteroids or a direct effect of Covid-
19 that could cause moria and even hyperthymia. As the prescribed
treatment has not been collected and possible brain damage has not
been examined, these factors cannot be determined, and research
will need to be expanded in future studies.

The lack of correlation between interleukin levels and GDS

scores could be influenced by the low sample size or because there
is no correlation, although this would go against what is described
in other conditions.6 The non-correlation would reinforce the claim
that the disease or its treatment had an effect on mood.
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We  observe that the condition is characterized by a noradren-
rgic deficit, followed by a serotonergic deficit. This suggests that
t shares characteristics with vascular depression.7 The fact that

ood disorders in Covid-19 share a psychopathological profile
ith vascular depression is compatible with a process in which

ardiovascular8,9 and neurological disorders are evident.10 There
as hardly any dopaminergic deficit-dependent symptomatology,
hich could be related to a euphoric effect of Covid-19 or its treat-
ent.

onclusions

There is no correlation between the levels of IL-6, IL-1� and TNF-
 with the score obtained in the GDS in patients above 60 years of
ge with moderate Covid-19 symptoms.

Depressive symptoms in patients over 60 years of age with
oderate Covid-19 symptoms shares characteristics with vascular

epression, showing noradrenergic and serotonergic deficits.
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