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The chicken or the egg: low testosterone
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predisposes for COVID-19 or COVID-19 induces
a decrease in testosterone?
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Recently, an inverse association between testosterone
concentrations and disease severity in male but not
female COVID-19 patients was reported [1]. COVID-19
is characterized by systemic inflammation and men are
more likely to be severely affected than women. However,
it is unclear whether lower testosterone levels predispose
men towards a severe course in COVID-19, or that more
severe COVID-19 infections induce a stronger decrease
in circulating testosterone concentrations. Causality is
difficult to establish in observational studies, as premor-
bid testosterone levels are not available and testosterone
levels may already be reduced at hospital presentation.
We investigated whether systemic inflammation lowers
testosterone levels in men in vivo.

Following written informed consent, 6 healthy male
volunteers (median [interquartile range] age of 24
[21—25] years and BMI of 29.1 [20.0-31.5] kg/m?)
received a bolus of 1 ng/kg E. Coli-derived endotoxin,
lipopolysaccharide (LPS). Detailed study procedures are
described elsewhere [2]. Circulating concentrations of
testosterone, luteinizing hormone (LH), follicle-stim-
ulating hormone (FSH) and estradiol were measured in
lithium heparin plasma using liquid chromatography-
tandem mass spectrometry. Plasma cytokine levels were
measured in ethylenediaminetetraacetic acid plasma
using a Luminex assay (Milliplex, Millipore).
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Experimental human endotoxemia induced systemic
inflammation illustrated by increased plasma concentra-
tions of several cytokines (Fig. 1A). Baseline testoster-
one levels were within reference for all subjects (median
[IQR] 22.4 [18.8-26.5] nM) and decreased significantly
following LPS administration (Fig. 1B), most prominently
after 6 h (median [IQR] 14.0 [8.3-20.4] nM, —37%).
Interestingly, LH, FSH and estradiol levels were not
affected by endotoxemia-induced inflammation (Fig. 1B,
C). Levels of the adrenal glucocorticoid cortisol were
strongly increased after LPS administration peaking after
2 h (median [IQR] 463 [354—563] nM, +75%), Fig. 1B).

Within hours, systemic inflammation in healthy men
is associated with a decrease in testosterone levels. This
observation suggests that the low testosterone levels
observed in COVID-19 patients are the result of inflam-
matory processes rather than a predisposing factor. The
absence of an effect of endotoxemia on estradiol levels
suggests that estradiol may be less sensitive to inflamma-
tion induced by a low dosage of LPS in our study.

It remains unclear whether the decrease in testosterone
levels is an adaptive or maladaptive response in COVID-
19. Although clinical trials into hormonal interventions
in COVID-19 patients are already ongoing (e.g. the
HITCH trial (clinicaltrials.gov identifier NCT04397718),
it is unclear at this point whether interventions should be
aimed at a further reduction or a supplementation of tes-
tosterone in men suffering from COVID-19.

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


https://orcid.org/0000-0002-7178-0302
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13054-021-03664-9&domain=pdf

Stolk et al. Crit Care (2021) 25:237

Page 2 of 2

A Plasma cytokines B
800 -
® TNF-a, p<0.0001
600 ] ® |L-6, p<0.0001
| ® IL-10, p<0.0001 =
€ 1 o
) 1S
o c
-1 01 2 3 4 6 24
Time (hrs after LPS administration)
C
Plasma gonadotrophins
81 * LH, p=0.29
® FSH, p=0.31
s 9
©
E 41
c
2-
0-+— T T T T T T T
-1 0 1 2 3 4 6 24
Time (hrs after LPS administration)
luteinizing hormone, FSH follicle stimulating hormone,

SN o N

A B o o

Plasma steroids

® Testosterone, p< 0.01
® Cortisol, p<0.01
® Estradiol, p=0.73

Time (hrs after LPS administration)

Fig. 1 Cytokine, steroid and gonadotropin levels over time during human endotoxemia. Levels of circulating TNF-q, IL.-6 and IL-10 (A), cortisol,
testosterone and estradiol (B) and LH and FSH (C) over time, during human endotoxemia, after LPS administration in healthy volunteers. Data
are presented as medians and IQR. LPS-induced changes over time were analyzed using the Friedman test) for all timepoints. /L interleukin, LH
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