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Abstract

Background: The predictive ability of the early determination of sex steroids and the

total testosterone:estradiol ratio for the risk of severe coronavirus disease 2019or the

potential existence of a biological gradient in this relationship has not been evaluated.

Objectives: To assess the relationship of sex steroid levels and the total testos-

terone:estradiol ratio with the risk of severe acute respiratory syndrome coronavirus

2 infection in men, defined as the need for intensive care unit admission or death, and

the predictive ability of each biomarker.

Materials and methods: This was a prospective observational study. We included all

consecutive adult men with severe acute respiratory syndrome coronavirus 2 infec-

tions in a single center admitted to a general hospital ward or to the intensive care unit.

Sex steroids were evaluated at the centralized laboratory of our hospital.

Results:We recruited 98 patients, 54 (55.1%) of whom developed severe coronavirus

disease in 2019. Compared to patients with nonsevere coronavirus disease 2019,

patients with severe coronavirus disease 2019 had significantly lower serum levels

of total testosterone (111 ± 89 vs. 191 ± 143 ng/dL; p < 0.001), dehydroepiandros-

terone (1.69 ± 1.26 vs. 2.96 ± 2.64 ng/mL; p < 0.001), and dehydroepiandrosterone

sulfate (91.72 ± 76.20 vs. 134.28 ± 98.261 μg/dL; p = 0.009), significantly higher lev-

els of estradiol (64.61 ± 59.35 vs. 33.78 ± 13.78 pg/mL; p = 0.001), and significantly

lower total testosterone:estradiol ratio (0.28 ± 0.31 vs. 0.70 ± 0.75; p < 0.001). The

lower the serum level of androgen and the lower the total testosterone:estradiol ratio

values, the higher the likelihood of developing severe coronavirus disease 2019, with

the linear trend in the adjusted analyses being statistically significant for all parame-

ters except for androstenedione (p = 0.064). In the receiver operating characteristic
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analysis, better predictive performance was shown by the total testosterone:estradiol

ratio, with an area under the curve of 0.77 (95% confidence interval 0.68–0.87;

p< 0.001).

Discussion and conclusion:Our results suggest thatmenwith severe acute respiratory

syndrome coronavirus 2 infection, decreased androgen levels and increased estra-

diol levels have a higher likelihood of developing an unfavorable outcome. The total

testosterone:estradiol ratio showed the best predictive ability.

KEYWORDS

COVID-19, intensive care unit, mortality, predictive ability, testosterone, total
testosterone:estradiol ratio

1 INTRODUCTION

Sex acts as a modifier of the epidemiology, pathophysiology, clini-

cal manifestations, disease progression, and/or response to treatment

of several diseases, including coronavirus disease 2019 (COVID-

19) caused by severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2).1 The November 2021 report of the COVID-19 Sex-

Disaggregated Data Tracker, the world’s largest database of sex-

disaggregated data on COVID-19, showed that, compared to women,

men accounted for a higher proportion of hospitalizations (55% vs.

45%), intensive care unit (ICU) admissions (63% vs. 37%) and deaths

(57% vs. 43%).2 Among other factors, such as differences in lifestyle

and behaviors (e.g., greater tobacco and/or alcohol use among men)

and the prevalence of comorbidities, which are leading causes of dis-

ability and death (e.g., a higher prevalence of diabetes, cardiovascular

disease, or chronic obstructive pulmonary disease among men), it has

been hypothesized that sex hormones could play a key role in the dif-

ferent burdens of COVID-19betweenmen andwomen,with estrogens

playing a protective role and androgens playing a somewhat contro-

versial role3–5; regarding androgens, increasing evidence indicates that

low testosterone levels have a negative impact on COVID-19.4,6

Early identification of patients at a higher risk of severe COVID-19

is a major challenge.7 Overall, low testosterone levels could be a

biomarker of poorer health since they have been found in several

chronic diseases, such as obesity and diabetes,8 chronic obstructive

pulmonary disease,9 HIV infection10 and chronic kidney disease.11

Moreover, low testosterone levels have been associated with an

increased likelihood of mortality among men from the general

population12,13 and among men with chronic kidney disease.14,15

AmongpatientswithCOVID-19, several studieshave reportedanasso-

ciation between low testosterone levels and severe disease or worse

outcomes.16–20 Using a retrospective design, Salonia et al.16 found in

a multivariate model that the higher the testosterone levels were, the

lower the likelihood of ICU admission (odds ratio [OR] 0.53, 95% confi-

dence interval [CI] 0.39–0.74) and death (OR 0.67, 95% CI 0.46–0.99);

using an interaction analysis, they showed that for the same severity

of the disease, the lower the testosterone level was, the higher the

risk of death. Rastrelli et al.,17 in a cohort of 31 men with SARS-CoV-2

pneumonia admitted to a respiratory intensive care unit, found lower

testosterone levels among those who were transferred to the ICU for

intubation or who had died than among those who remained stable

in the respiratory intensive care unit or were transferred to an inter-

nal medicine unit. In a prospective cohort study that included 358men

with COVID-19, Cinislioglu et al.18 found lower testosterone levels at

admission in those subjects with clinically severe disease compared to

those with mild-to-moderate disease, in those who required intensive

care compared with those who did not, and in those who died vs. sur-

vivors. Dhindsa et al.,19 in a prospective cohort study of 90 men with

COVID-19, reported that thosewith severe disease defined as hypoxia

requiring supplemental oxygen, a need formechanical ventilation, need

for ICU treatment, or death due to COVID-19 during hospitalization

showed lower testosterone levels during hospitalization than those

withmilder disease.

Very few studies have assessed the predictive ability of the early

determination of sex steroids and the total testosterone:estradiol ratio

(T:E2) for the risk of serious COVID-19 or the potential existence of

a biological gradient in this relationship. The primary objective of this

studywas to assess the relationship between sex steroid levels and the

T:E2 ratio with the risk of severe SARS-CoV-2 infection inmen, defined

as the need for ICU admission or death, and the predictive ability of

each biomarker.

2 MATERIALS AND METHODS

2.1 Study design and subjects

This was a prospective observational study conducted at a single cen-

ter (Hospital Universitario Marqués de Valdecilla, Santander, Spain).

All patients were informed of the purpose of this study and provided

their written informed consent. This studywas reviewed and approved

by the Ethics Committee for Medicines Research (CEIm by its Span-

ish acronym) of Cantabria (Santander, Spain) and funded by Research

Institute IDIVAL (INNVAL20/15). The study was performed according

to the Declaration of Helsinki

We included all consecutive menwith SARS-CoV-2 infection admit-

ted to the center fromMarch2020 toApril 2021whomet the following

selection criteria: aged 18 or older, with a confirmed diagnosis of
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SARS-CoV-2 infection by quantitative real-time reverse transcription

polymerase chain reaction (qRT‒PCR) and/or by compatible symptoms

and positive results by serological antibody test, admitted to a general

hospital ward or to the ICU,whowere not receiving drugs or using sub-

stances that could interferewith theevaluationof sex steroids andwho

provided their written informed consent.

After obtaining blood samples for the assessment of study param-

eters, all patients received treatment according to the protocols

established in our hospital. This regimen consisted of dexamethasone

plus hydroxychloroquine and/or lopinavir/ritonavir.

2.2 Assessments

We recorded information from the clinical charts on age and comor-

bidities, including obesity, smoking status, hypertension, diabetes,

dyslipidemia, cardiovascular disease, and immunosuppression.

Sex steroids were evaluated at the centralized laboratory of our

hospital within the first 24 hours after admission; total serum testos-

terone, estradiol, dehydroepiandrosterone sulfate (DHEAS), and sex

hormone-binding globulin (SHBG) were evaluated by a specific and

automated chemiluminescent immunoassay (CLIA) with the MAG-

LUMI 2000 Analyzer (Snibe; Shanghai Int Holding Corp). The sensi-

tivity of these assays was 15 ng/dL for total testosterone, 12 pg/mL

for estradiol, 1 pg/dL for DHEAS and 0.8 nmol/L for SHBG. Preci-

sion within and between runs was < 6 and < 7% for total testos-

terone; < 7 and < 6% for estradiol; < 6 and < 8% for DHEAS and < 4

and < 5% for SHBG at any concentration, respectively. Noninterfer-

ence was found with substances that could potentially interfere, as

documented by each assay. DHEA was quantified by specific radioim-

munoassay (DRG Instruments): the sensitivity was 0.16 ng/mL; the

reproducibility within and between assays was < 10 and 15%, respec-

tively; and nonsignificant reactivities were obtained with several com-

pounds (DHEAS, isoandrosterone and androstenedione). In the same

manner, androstenedione was quantified by specific radioimmunoas-

say (DiaSource Immunoassays; Louvain-la-Neuve): the sensitivity was

0.03 ng/mL; the reproducibility within and between assays was < 5

and 9%, respectively; and nonsignificant reactivities were obtained

with several compounds (DHEA,DHEAS, cortisol, estradiol, and testos-

terone among others) documented by themanufacturer.

Our in-house reference range values obtained from a population of

72 healthy nonobese fertile men aged 25–40were: 145.8–717.5 ng/dL

for testosterone; 20.7-90.3 pg/mL for estradiol; 148.9–540.9 μg/dL for
DHEAs; 1.9–19.1 ng/mL forDHEA; 0.9–6.4 ng/mL for androstenedione

and 12.8–69.4 ng/mL for SHBG.

We also calculated the total T:E2 as the balance between the two

hormones and markers of aromatase activity, the enzyme that con-

verts testosterone into estradiol. The following formula was used for

the calculation: testosterone/(10*estradiol).

2.3 Statistical analysis

Quantitative variables are described using the means and standard

deviations or, if not normally distributed, with the medians and

interquartile ranges; normality was tested with the Shapiro‒Wilk

test. Categorical variables are expressed as absolute and relative

frequencies.

Patients were categorized as having severe COVID-19 if they were

admitted to the ICU or died during hospitalization and nonsevere

COVID-19 if this was not the case. The characteristics of the patients

and the serum levels of sex hormones between the two groups were

compared using Student’s t-test or, if not normally distributed, the

Mann‒Whitney U test for quantitative variables and the chi-square

test for categorical variables.

To analyze the presence of a biological gradient in the potential

association between sex hormone levels and severe COVID-19, serum

levels of sex hormones and the T:E2 ratio were categorized in ter-

tiles. The highest tertile was selected as the reference category except

for estradiol, for which we used the lowest tertile, and we tested

whether subsequently lower or higher categorieswere associatedwith

an increased likelihood of the outcomeusing a crude and adjusted anal-

ysis. For the adjusted analysis, we used a multiple logistic regression

model that included age, obesity, smoking status (yes/no), diabetes, and

chronic kidney disease defined as a glomerular filtration rate below

60mL/min/1.73m2 as covariates.

The predictive ability of each sex hormone parameter was analyzed

using receiver operating characteristic (ROC) analysis and calculating

the area under the curve (AUC) as an overall summary of prognostic

accuracy. Youden’s index was used to determine the best cutoff point.

For a test with poor diagnostic accuracy, Youden’s index is 0, whereas

for a perfect test, it is 1.

All analyses were performed using SPSS version 26.0 (IBM SPSS

Statistics; IBMCorp.) and Stata 13.0 forWindows (StataCorp LLC). The

significance level was set at p< 0.05.

3 RESULTS

3.1 Baseline characteristics of the patients

We recruited 98 patients, and of them, 54 (55.1%) developed severe

COVID-19. Patients had amean (standard deviation) age of 63.7 (15.5)

years, with those exhibiting severe COVID-19 being older, although

the differences were not statistically significant (Table 1). With the

exception of being a current smoker, which was more frequent among

patients with nonsevere COVID-19 (9.5% vs. 5.7%), all comorbidities

weremore frequent in patients with severe COVID-19, and the largest

differences were observed for obesity (47.2% vs. 29.5% for severe

and nonsevere COVID-19, respectively); none of the differences in

comorbidities were statistically significant (Table 1).

3.2 Sex hormone concentrations

Compared to patients with nonsevere COVID-19, patients with severe

COVID-19 had significantly lower serum levels of total testosterone

(111 ± 89 vs. 191 ± 143 ng/dL, p < 0.001). The serum levels of

DHEA and DHEAS were also significantly lower among patients with
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4 RUIZ-OCHOA ET AL.

TABLE 1 Baseline characteristics of the patients.

Characteristic

All patients

n= 98

Nonsevere

COVID-19

n= 44

Severea

COVID-19

n= 54 p-Value

AGE (YEARS), MEAN± SD 63.65± 15.53 61.66± 16.20 65.28± 14.91 0.253

OBESITY, n (%) 38 (38.8) 13 (29.5) 25 (47.2) 0.096

SMOKING, n (%) 7 (7.4) 4 (9.5) 3 (5.7) 0.696

HYPERTENSION, n (%) 50 (51.5) 21 (47.7) 29 (54.7) 0.544

DIABETES, n (%) 14 (15.6) 6 (14.0) 8 (17.0) 0.776

DYSLIPIDEMIA, n (%) 46 (50.5) 19 (46.3) 27 (54.0) 0.530

CARDIOVASCULARDISEASE, n (%) 7 (7.1) 3 (6.8) 4 (7.4) 1.000

IMMUNOSUPPRESSION, n (%) 2 (2.5) 2 (5.1) 0 (0) 0.234

aSevere COVID-19was defined as admission to the intensive care unit or death during hospitalization.

TABLE 2 Sex hormone concentrations in patients with nonsevere and severe coronavirus disease 2019 (COVID-19).

Variable

All patients

n= 98

Nonsevere

COVID-19

n= 44

Severea

COVID-19

n= 54 p-Value

Testosterone (ng/dL) 147± 123

120 (137)

191± 143

147 (124)

111± 89

82 (94)

< 0.001

DHEAS (microg/dL) 110.80± 88.91

92.97 (108.30)

134.28± 98.261

110.05 (102.05)

91.72± 76.20

68.87 (91.71)

0.009

Estradiol (pg/mL) 50.77± 47.40

37.34 (22.60)

33.78± 13.78

31.30 (22.74)

64.61± 59.35

46.15 (51.77)

0.001

SHBG (nmol/L) 37.23± 20.80

34.84 (26.76)

39.03± 18.90

35.38 (23.16)

35.72± 22.34

30.62 (29.67)

0.192

DHEA (ng/mL) 2.27± 2.10

1.65 (1.7)

2.96± 2.64

2.30 (1.5)

1.69± 1.26

1.26 (1.3)

<0.001

Androstenedione

(ng/mL)

1.91± 1.36

1.45 (1.8)

2.01± 1.14

1.75 (1.5)

1.82± 1.52

1.40 (1.8)

0.143

T:E2 ratio 0.47± 0.59

0.29 (0.51)

0.70± 0.75

0.48 (0.65)

0.28± 0.31

0.16 (0.35)

< 0.001

Abbreviations: DHEA, dehydroepiandrosterone; DHEAS, dehydroepiandrosterone sulfate; SHBG, sex hormone-binding globulin; T:E2 ratio, total testos-

terone:estradiol ratio.

All figures are themeans± standard deviations andmedians (interquartile ranges).
aSevere COVID-19was defined as admission to the intensive care unit or death during hospitalization.

severe COVID-19; however, although compared to patients with non-

severe COVID-19, the levels of SHBG and androstenedione were also

lower among patientswith severe COVID-19, the differenceswere not

statistically significant (Table 2). Serum estradiol levels were signifi-

cantly higher among patientswith severeCOVID-19 (64.61±59.35 vs.

33.78± 13.78 pg/mL, p= 0.001). The T:E2 ratio was significantly lower

among patients with severe COVID-19 (0.28 ± 0.31 vs. 0.70 ± 0.75,

p< 0.001).

Our analysis of the biological gradient in the potential association

between sex hormone levels and severe COVID-19 (Table 3) showed

a dose‒response relationship for most androgens analyzed and the

T:E2; thus, the lower the serum level of androgen was, the higher the

likelihood of developing severe COVID-19, with the linear trend in

the adjusted analyses being statistically significant for all androgens

except for androstenedione (p = 0.064). The higher the serum levels

of estradiol, the higher the likelihood of developing severe COVID-19;

however, the linear trend for the adjusted analysis was not statistically

significant (p = 0.065). A dose‒response relationship was also shown

for the total T:E2 ratio; thus, compared to patients with the highest

ratio values, patients with the lowest ratio values had anOR for severe

COVID-19 of 28.82 (95% CI 4.97–166.97), and those with medium

ratio values had an OR of 2.80 (95% CI 0.82–9.55); the linear trend for

the adjusted analysis was statistically significant.

3.3 ROC curves

The highest AUC among the eight sex steroids was for the T:E2 at

77.4% (p < 0.0001), followed by the AUCs of DHEA and total testos-

terone at 74.7% (p < 0.0001) and 71.6% (p < 0.001), respectively

(Table S1). The results for SHBG and androstenedione were not signif-

icantly different from chance (50%), with AUCs of 58.7% and 59.0%,
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RUIZ-OCHOA ET AL. 5

TABLE 3 Crude and adjusted odds ratios for the potential association of sex hormones and the total testosterone:estradiol ratio (T:E2) ratio
with severe coronavirus disease 2019 (COVID-19).

Variable Cutoff point

Nonsevere

COVID-19

n= 44

Severea

COVID-19

n= 54 CrudeOR (95%CI)

Adjusted

ORb (95%CI)

Testosterone (ng/dL) (Tertiles)

High (reference) 160.3+ 21 11 1.00 – 1.00 –

Medium 78.2–160.2 16 17 2.03 0.75–5.51 2.41 0.74–7.78

Low <= 78.1 7 26 7.09 2.34–21.48 6.62 1.68–26.05

Linear trend 0.001 0.007

DHEAS (µg/mL) (Tertiles)

High (reference) 124.901+ 19 13 1.00 – 1.00 –

Medium 56.371–124.90 16 17 1.55 0.58–4.15 1.14 0.31–4.16

Low <= 56.370 9 24 3.90 1.38–11.04 5.59 1.32–23.71

Linear trend 0.011 0.014

Estradiol (pg/mL) (Tertiles)

Low (reference) <= 29.860 20 13 1.00 – 1.00 –

Medium 29.861–47.660 16 17 1.64 0.62−4.34 1.42 0.45−4.54

High 47.661 8 24 4.62 1.60−13.35 3.25 0.93−11.34

Linear trend 0.005 0.065

SHBG (nmol/L) (Tertiles)

High (reference) 42.68+ 16 16 1.00 – 1.00 –

Medium 24.74–42.67 19 13 0.68 0.26−1.84 0.68 0.20−2.29

Low <= 24.73 9 24 2.67 0.95−7.49 3.12 0.75−12.88

Linear trend 0.066 0.113

DHEA (ng/mL) (Tertiles)

High (reference) 2.5+ 18 10 1.00 – 1.00 –

Medium 1.2–2.4 17 16 1.69 0.60−4.75 1.39 0.41−4.74

Low <= 1.1 7 24 6.17 1.97−19.35 7.23 1.70−30.80

Linear trend 0.002 0.007

Androstenedione (ng/mL) (Tertiles)

High (reference) 2.5+ 14 14 1.00 – 1.00 –

Medium 1.2-2.4 18 14 0.78 0.28−2.15 1.19 0.32−4.40

Low <= 1.1 10 22 2.20 0.77−6.30 3.37 0.89−12.78

Linear trend 0.133 0.064

Ratio total testosterone:estradiol (Tertiles)

High (reference) 0.46+ 23 9 1.00 – 1.00 –

Medium 0.17−0.45 17 17 2.56 0.92−7.11 2.80 0.82−9.55

Low <= 0.16 4 28 17.89 4.87−65.68 28.82 4.97–166.97

Linear trend < 0.001 < 0.001

Abbreviations: CI, confidence interval; DHEA, dehydroepiandrosterone; DHEAS, dehydroepiandrosterone sulfate; OR, odds ratio; SHBG, sex hormone-

binding globulin.
aSevere COVID-19was defined as admission to the intensive care unit or death during hospitalization.
bAdjusted for age, body mass index, smoking status (yes/no), diabetes, and chronic kidney disease defined as a glomerular filtration rate below

60mL/min/1.73.
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6 RUIZ-OCHOA ET AL.

F IGURE 1 Receiver operating characteristic (ROC) analysis of the
three biomarkers with better predictive ability for severe coronavirus
disease 2019 (COVID-19). Severe COVID-19was defined as
admission to the intensive care unit or death during hospitalization.

respectively. Figure 1 shows the ROC curves of the T:E2, DHEA, and

total testosterone. Thehighest sensitivity and specificity corresponded

to aYouden index of 0.55,which in turn corresponded to aT:E2 value of

0.20 and had a sensitivity of 66.7%and a specificity of 88.6% (Table S2).

To achieve a sensitivity of 80%, the testosterone/estradiol ratio had to

have a value of 0.4, and the corresponding specificity had to be 55.3%

(Table S2).

4 DISCUSSION

Our results show that low serum levels of androgens at admission

are associated with a higher likelihood of severe COVID-19 in men

during hospitalization, and this relationship shows a biological gradi-

ent. When analyzed as a single biomarker, the T:E2 shows a better

predictive performance for the occurrence of severeCOVID-19 inmen

during hospitalization.

Except for the study by Rastrelli et al., in which patients with

pneumonia admitted to a respiratory intensive care unit had lower

testosterone levels among those who were transferred to the ICU

for intubation or who had died than among less severe patients,17

we are not aware of other studies that have used ICU admission or

death as a composite outcome measure (i.e., our primary outcome) to

evaluate the association between serum androgen levels and severe

COVID-19. However, with various designs and analyses, there are sev-

eral studies that have shown an association between androgens and

those component outcomes. Thus, amongpatientswithCOVID-19, low

serum testosterone levels have been associated with admission to the

ICU16,18,21,22 and in-hospital mortality .16,18,21–26 Overall, the biolog-

ical gradient observed in the association between serum levels of sex

hormones and the occurrence of severe COVID-19 and the consis-

tency of the results with other studies among patients with COVID-19

reinforces the causality of this association.

The association between the T:E2 ratio and the occurrence or pres-

ence of the worst outcomes among patients with COVID-19 has been

reported in two previous studies. In a single-center study conducted

in Austria in a similar time period, Lanser et al.21 reported in the uni-

variate analysis that a T:E2 ratio < 3.3 compared to a ratio > 7.3

was associated with a higher likelihood of in-hospital mortality (OR

22.2, 95% CI 2.8–175.3), and the association was maintained in the

multivariate analysis. In a second study, Dhindsa et al.19 reported

that the median testosterone:estradiol ratio was higher at admission

among men who needed ICU care, men who needed artificial venti-

lation, and men who died than among men who did not have these

outcomes. In addition to these two studies, in a univariate analysis,

Infante et al.23 found that the inverse ratio (i.e., E2:T) was significantly

higher among nonsurvivors than among survivors among hospitalized

men with COVID-19. This association of the T:E2 with adverse out-

comes has been reported in other populations. A low T:E2 has been

associated with a higher risk of cardiovascular mortality among men

from the general population12 and a higher risk of major cardiovas-

cular events among men with severe atherosclerosis.27 Among adult

patients with ischemic heart disease, a low sex-specific T:E2 ratio has

been associatedwith higher all-causemortality.28 Finally, a high testos-

terone:estradiol ratio in menwas associated with a higher risk of acute

ischemic stroke.29 Overall, these data consistently suggest that the

T:E2 ratio could be a useful biomarker of unfavorable outcomes inmen.

To the best of our knowledge, no previous studies have evaluated

the predictive ability of sex steroids for the risk of developing a severe

SARS-CoV-2 infection. In our study, the highest predictive perfor-

mance for the occurrence of severe COVID-19 was obtained with the

T:E2. Interestingly, the predictive ability of this single T:E2 ratio deter-

mination could perform similarly to more complex severity scores30

and better than classically used biomarkers such as C-reactive protein

and D-dimer.31 However, we do not expect that the determination

of the T:E2 ratio will be included as a standard evaluation for men

with COVID-19 because of its value as a prognostic biomarker, as

has been suggested by other authors for serum testosterone levels.32

Prognostic models are multivariable and are intended for person-

alizing healthcare resource use. In the most recent publication of a

living systematic review on prediction models for the diagnosis and

prognosis of COVID-19, the authors found almost 600 models for

predicting diverse outcomes in people with COVID-19, including 265

for mortality.33 To check whether these models included testosterone

or the T:E2 ratio among the variables tested in the model is far beyond

the goal of this manuscript, but a close look at the predictors included

in the final model as described by Wynants et al.33 in the supplemen-

tary material of their article shows that none of them were included

in those predictive models. However, in a recent study conducted with

UK Biobank data and using machine learning models, Wong et al.26

reported that testosterone was among the top five factors predictive

of mortality among patients with COVID-19 (the other factors were
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age, the number of treatments, waist circumference, and red cell

distribution width), but contrary to the abovementioned results in our

and previous studies, a higher level was associated with an increased

risk. We think that the future development of prognostic models for

COVID-19 should include the T:E2 ratio as a potential prognostic

variable to be tested together with other variables.

Whether improving testosterone levels or the T:E2 ratio would

be useful for improving the outcomes of hospitalized patients with

COVID-19 is unknown. Interestingly, Toscano-Guerra et al.34 analyzed

the trajectory of serum testosterone levels in patients with COVID-19

and found that among several biochemical and hematological parame-

ters, recovery of serum testosterone levelswas the strongest predictor

of survival, with an AUC in the ROC analysis of 0.92; the predictive

performance for this parameter was better than that for testosterone

levels at admission. Whether testosterone replacement therapy could

play a role in the management of patients with COVID-19 remains to

be elucidated.4

Finally, and although it is beyond the scope of this study, we

would like to highlight the different trajectories in testosterone and

estradiol levels in relation to the severity of SARS-CoV-2 infection.

Previous studies have identified an association between the progres-

sion of SARS-CoV-2 infection with excessive levels of inflammatory

mediators, such as interleukin-6 and tumor necrosis factor-α,35 and

both mediators can stimulate aromatase expression via de PI.4 pro-

moter region.36,37 Therefore, we believe that patients with severe

SARS-CoV-2 infection may have increased aromatase activity. This

possibility would be consistent with a previous finding in which

45.7% of SARS-CoV-2 infected male patients had elevated estradiol

levels.38

Our study has several limitations. This studywas conducted at a sin-

gle center and had a small sample size. The analytical methods used

in our study may lack sensitivity in the determination of some of the

steroids analyzed, especially at lower levels andmainly related toestra-

diol measurement39; therefore, other studies using more sensitive

methods, such as those based on mass spectrometry, should corrobo-

rate our results. In addition, this study was largely conducted during

a period when COVID-19 vaccines were not available. In addition to

the intrinsic need for external validation of the predictive models, it is

important to validate our data in the current context of SARS-CoV-2 in

terms of variants and vaccination.

In conclusion, our results suggest that men with SARS-CoV-2 infec-

tions and decreased androgen levels and increased estradiol levels

have a higher likelihood of developing an unfavorable outcome (i.e.,

death and/or ICU admission). Of all the parameters analyzed in our

study, the total T:E2 ratio was the one with the best predictive ability

for these outcomes.
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