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Abstract

Background: Circulating testosterone levels have been found to be reduced in men

with severe acute respiratory syndrome coronavirus 2 infection, COVID-19, with

lower levels being associated withmore severe clinical outcomes.

Objectives:We aimed to assess total testosterone levels and the prevalence of total

testosterone still suggesting for hypogonadismat 7-month follow-up in a cohort of 121

menwho recovered from laboratory-confirmed COVID-19.

Materials andmethods:Demographic, clinical, and hormonal valueswere collected for

all patients. Hypogonadism was defined as total testosterone ≤9.2 nmol/L. The Charl-

son Comorbidity Indexwas used to score health-significant comorbidities. Descriptive

statistics andmultivariable linear and logistic regressionmodels tested the association

between clinical and laboratory variables and total testosterone levels at follow-up

assessment.
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Results: Circulating total testosterone levels increased at 7-month follow-up com-

pared to hospital admittance (p<0.0001),while luteinizing hormone and17β-estradiol
levels significantly decreased (all p≤ 0.02). Overall, total testosterone levels increased

in106 (87.6%) patients, but further decreased in12 (9.9%) patients at follow-up,where

a total testosterone level suggestive for hypogonadism was still observed in 66 (55%)

patients. Baseline Charlson Comorbidity Index score (OR 0.36; p = 0.03 [0.14, 0.89])

was independently associated with total testosterone levels at 7-month follow-up,

after adjusting for age, BMI, and IL-6 at hospital admittance.

Conclusions: Although total testosterone levels increased over time after COVID-19,

more than 50% of men who recovered from the disease still had circulating testos-

terone levels suggestive for a condition of hypogonadism at 7-month follow-up. In as

manyas10%of cases, testosterone levels even furtherdecreased.Of clinical relevance,

the higher the burden of comorbid conditions at presentation, the lower the probabil-

ity of testosterone levels recovery over time.
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1 INTRODUCTION

The new severe acute respiratory syndrome coronavirus 2 (SARS-CoV-

2)-induced disease COVID-19 provokes a number of clinical sequelae

associated with viral multiorgan tropism.1 Host characteristics have

been demonstrated to allow or even predispose to more or less unfa-

vorable outcomes, thus including fatal events (e.g., age, sex-related

differences in terms of susceptibility to viral infection and adaptive

immune responses, comorbidities, etc.2–4).

Despite the testis is one of the very few organs with immune priv-

ilege, several observations reported that SARS-CoV-2 enters into the

reproductive system through viral receptors highly expressed on tes-

ticular tissues.5,6 As a consequence, SARS-CoV-2 was demonstrated

to cause damage to both Sertoli and Leydig cells.6,7 Accordingly, based

on the hypothesis that also hormone-related biological sex differences

may have a relevant impact throughout COVID-19 course,8 a growing

number of studies suggested that the viral infection per se may lower

the production of testosterone (T),9–11 with lower circulating T lev-

els being associated with more severe clinical outcomes.12 Moreover,

the real-life clinical evidence suggests that men with lower T levels at

baseline could have worse outcomes because of COVID-19, despite

equal comorbidities at presentation,13 thus confirming one of themost

debated hypotheses during the initial speculation on this topic.14–16

Conversely, given the reported quantitative and qualitative damage

that SARS-CoV-2 infection seems to cause at the testicular level,6,7

whether SARS-CoV-2 infection affects over time testis exocrine (i.e.,

spermatogenesis) and endocrine (i.e., steroidogenesis) function in men

who have survived COVID-1917–19 is still to be clarified. Therefore,

based on the preclinical and clinical observations that circulating total

testosterone (tT) significantly decreases in men with COVID-19, we

aimed to investigate the levels of tT and the rate of patients with tT

levels suggestive for hypogonadism20 over the follow-up in a cohort of

male patients who eventually survived after COVID-19.

2 METHODS

Data from a subcohort of 121 male patients belonging to the origi-

nal cohort of men admitted to the emergency or clinical departments

because of symptomatic SARS-CoV-2-induced disease at a single aca-

demic hospital between February 29 andMay2, 202012 andwho even-

tually recovered fromCOVID-19were analyzed.

Data were collected through patient interview or medical chart

review, and followed the principles outlined in the Declaration of

Helsinki. All methods were performed in accordance with the relevant

guidelines and regulations. On obtaining written individual patient’s

consent, clinical data fromall patientswere retrieved using a dedicated

case report form (CRF), according to an institutional protocol (Covid-

BioB, ClinicalTrials.gov NCT04318366; Ethical Committee approval

number 34/int/2020).21

As previously described,12 the Charlson Comorbidity Index (CCI)

was used to score health-significant comorbidities,22 and measured

body mass index (BMI) was obtained for each patient. Likewise, at

hospital admission, patients were subdivided into mild, moderate, and

severe acute respiratory distress syndrome (ARDS), according to stan-

dard definitions.23 Moreover, baseline chest radiography findings of

SARS-CoV-2 pneumonia severity were scored in every patient with

the Radiographic Assessment of Lung Edema (RALE) score to evaluate

the extent and density of alveolar opacities on chest radiographs the

same day of the admission.24 Accordingly,12 patients with COVID-19

were divided into four groups according to the outcome after hospital

admission: Group 1: patients in good clinical conditions and discharged
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home from the emergency department; Group 2: patients admitted in

the internal medicine unit until possible discharge home; and Group

3: patients invasively ventilated in the intensive care unit (ICU), and

subsequently successfully extubated and discharged either to the

internal medicine unit or home. Furthermore, a validated composite

risk score based on the characteristics at the time of first hospital

admission was calculated for every patient (i.e., Critical-ill COVID-19

score).25

2.1 Biochemical measurements

Baseline venous blood samples were drawn in all patients at hospital

admission (between 7 AM and 11 AM, after an overnight fast), and kept

at 4◦C until serum or plasma were separated by centrifugation. Serum

andplasma aliquotswere then stored at−80◦Cuntil assay. For the spe-

cific purposes of this analysis, on each sample for every patient at base-

line we measured follicle-stimulating hormone (FSH; FSH: LIAISON

FSH - [REF] 312251), luteinizing hormone (LH; LH: LIAISON LH - [REF]

312201), tT (testosterone: LIAISON Testosterone - [REF] 310410),

and 17β-estradiol (E2; E2: LIAISON Estradiol II Gen - [REF] 310680;

DiaSorin SpA, Saluggia, Italy). Furthermore, interleukin-6 (IL-6) was

measured by ECLIA (Elecsys IL-6, COBAS ROCHE) in every patient.

Moreover, LIAISON SARS-CoV-2 S1/S2 IgM and LIAISON SARS-CoV-

2 S1/S2 IgG serological tests were used to assess SARS-CoV-2 IgM and

IgG in all patients. Routine blood tests encompassed serum biochem-

istry (including complete blood count with differential and C-reactive

protein [CRP] as inflammationmarkers).

2.2 Post-discharge follow-up

As of February 1, 2021, a total of 121 patients had available follow-

up at 7 ± 2 months since hospital discharge after complete recov-

ery from COVID-19 (laboratory-confirmed negativity for SARS-CoV-

2). Updated clinical data, including specific therapeutic compounds (i.e.,

antiviral therapy, systemic corticosteroid treatment or some biological

disease-modifying anti-rheumatic drugs [bDMARDs]26) used through-

out the hospitalization after first hospital admittance and till the final

hospital discharge were collected through individual CRF for every

patient.21

Likewise, a further serum sample was stored in our institution

biobank during the post-discharge follow-up visits for all patients. For

every patient, we measured FSH, LH, tT, E2, IL-6, and IgM/IgG against

SARS-CoV-2 spike protein, as previously described.12

2.3 Outcomes

Primary outcomes were tT levels at baseline and at 7-month follow-up

assessment, along with the overall rate of patients with tT levels sug-

gestive for hypogonadism (according to a tT threshold of 9.2 nmol/L)20

at both dates. Secondary outcome was to detail the overall rate of

patients with tT levels suggestive for hypogonadism (according to a tT

threshold of 12 nmol/L).27

2.4 Statistical methods

Distribution of data was tested with the Shapiro–Wilk test. Data are

presented asmedians (and IQR) or frequencies (proportions).We used

Wilcoxon signed-rank test or chi-square test in order to compare hor-

monal levels and other demographics, clinical, and laboratory charac-

teristics between COVID-19 patients at both assessment dates.

To test the hypothesis that complete recovery from COVID-19

could be associated with changes of tT levels over time, we performed

a landmark analysis with logistic and linear models testing probabil-

ity and predictors of increased tT levels and magnitude of tT increase

up to 7-month follow-up; both models were adjusted for baseline clin-

ical factors and markers of systemic inflammation as a measure of dis-

ease severity at first hospital admission (e.g., IL-6). As follow-up tT lev-

els could also be influenced by a number of treatments received dur-

ing hospitalization, we also performed a sensitivity analysis to test the

association of treatments received and the probability of tT change at

follow-up. Statistical analyses were performed using Stata 14.0 (Stata-

Corp,CollegeStation, TX,USA).All testswere two-sided, and statistical

significance level was determined at p< 0.05.

3 RESULTS

Table 1 depicts patients characteristics at hospital admission and at

7-month follow-up. Analysis of clinical and laboratory parameters

revealed significantly lower levels of LH and E2 (all p ≤ 0.02) at follow-

up, with higher circulating tT compared with baseline (p < 0.0001)

(Figure 1; Table 1). Overall, tT levels increased in 106 (87.6%) patients,

but remained almost stable in three (2.5%) and further decreased in

12 (9.9%) patients at follow-up as compared with values at hospital

admittance. Of all, a tT level <9.2 nmol/L was still observed in 66

(55%) patients at follow-up compared with 115 (95%) at admittance

(p < 0.0001) (Table 1). Median (IQR) tT level at follow-up was slightly

above the threshold for hypogonadism (9.99 [6.7–13.4] nmol/L)

(Table 1). Likewise, according to a 12 nmol/L threshold, as many as

79 (66%) patients were suggestive for hypogonadism at follow-up

comparedwith 117 (97%) at admittance (p< 0.0001) (Table 1).

Of 121, 103 (85%) patients received anti-virals, 53 (44%) bDMARDs

and 22 (18%) systemic corticosteroid treatment, respectively.

Multivariable logistic regression analyses revealed that CCI (OR

0.36; p = 0.03 [0.14, 0.89]) and IL-6 levels (OR 1.43; p = 0.04 [1.00,

2.05]) at hospital admittance were independently associated with tT

levels at 7-month follow-up, after adjusting for age and BMI (Table 2).

Atmultivariable linear regression analyses, the higher theCCI score

at admittance, the lower the delta of increase of tT from baseline to 7-

month follow-up, after adjusting for age, BMI, and IL-6 levels (Table 3).

Figure 2 graphically depicts the probability (%) of tT levels recovery

at 7-month follow-up according to CCI at hospital admittance.
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TABLE 1 Demographic, clinical, and laboratory characteristics of patients at admission compared to 6-month follow-up (n= 121)

Admission Follow-up p-Valuea

Age (years) 57 (49–65) 57 (49–65)

Ethnicity

White European 101 (83) 101 (83)

Latin American 15 (12) 15 (12)

African 4 (3.3) 4 (3.3)

Far-East Asian 1 (0.8) 1 (0.8)

BMI (kg/m2) 0.001

<25 20 (17) 21 (18)

25–29.9 41 (33) 43 (36)

≥30 60 (50) 56 (46)

Comorbidities

CCI 0.0 (0.0–1.0) 0.0 (0.0–1.0) <0.001

CCI (score)

0 72 (60) 90 (74) <0.001

1 27 (22) 19 (16)

≥2 22 (18) 12 (10)

Cardiovascular diseases 16 (13.2)

Arterial hypertension 45 (37)

Diabetes mellitus 17 (14)

Chronic kidney disease 4 (3.3)

COVID-19 severity at admission

ARDS (PaO2:FiO2)

None 40 (33)

Mild ARDS (300–200mmHg) 51 (41)

Moderate ARDS (100–200mmHg) 14 (12)

Severe ARDS (<100–200mmHg) 16 (13)

RALE score at admission 7.0 (4.0–14.0)

Critical-Ill COVID-19 at admission 95.1 (73.1–113.1)

Groups

1 4 (3.5)

2 93 (76.3)

3 24 (20.2)

Laboratory parameters

WBC, 109/L 7.2 (5.2–9.1) 6.4 (5.5–8.0) 0.01

Neutrophils, 109/L 5.3 (3.5–7.0) 3.4 (2.8–4.4) <0.0001

Lymphocytes, 109/L 1.0 (0.7–1.5) 2.2 (1.9–2.8) <0.0001

NLR 5.2 (2.8–8.2) 1.5 (1.1–2.2) <0.0001

Platelets, 109/L 250 (190–335) 240 (195–266) 0.0003

Creatinine, mg/dl 1.0 (0.9–1.1) 1.0 (0.7–1.6) 0.5

C-reactive protein, mg/L 83.4 (28.7–140.4) 87.1 (22.3–135.9) 0.7

IL-6, pg/ml 32.3 (9.5–76.5) 26.5 (5.2–74.3) 0.3

FSH, mU/ml 5.7 (3.9–8.4) 7.8 (5.8–11.0) 0.08

LH, mU/ml 5.0 (3.6–6.5) 4.1 (2.9–5.9) 0.02

tT, nmol/L 2.6 (1.4–4.9) 9.99 (6.7–13.4) <0.0001

(Continues)
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TABLE 1 (Continued)

Admission Follow-up p-Valuea

Hypogonadism (tT< 9.2 nmol/L) 115 (95) 66 (55) <0.0001

Hypogonadism (tT< 12 nmol/L) 117 (97) 79 (66) <0.0001

E2, pg/ml 34.5 (19.7–42.2) 30.4 (26.5–35.1) 0.001

Note: Data are n (%) or median (IQR). Groups were as follows: Group 1: patients in good clinical conditions and discharged home from the emergency depart-

ment; Group 2: patients who have been admitted in the internal medicine unit until possible discharge at home; andGroup 3: patients invasively ventilated in

the intensive care unit, and subsequently successfully extubated and discharged either to the internal medicine unit or at home.

Abbreviations: ARDS, acute respiratory distress syndrome; BMI, body mass index; CCI, Charlson Comorbidity Index; E2, 17β-estradiol; FiO2, fractional con-

centration of oxygen in inspired air; FSH, follicle-stimulating hormone; IL-6, interleukin-6; LH, luteinizing hormone;NLR, neutrophil/lymphocytes ratio; PaO2,

partial pressure of oxygen in arterial blood; RALE, radiographic assessment of lung edema; tT, total testosterone.
ap-Value according to theWilcoxon signed-rank test and chi-square test, as indicated.

F IGURE 1 Scatter plot, vertical. Sex-related hormonal analyses at baseline compared to 6-month follow-up in COVID-19 patients. (A andD)
Total testosterone. (B and E) Follicule-stimulating hormone (FSH). (C and F) Luteinizing hormone (LH). *p= 0.01; ****p< 0.0001

As a sensitivity analysis, we performed logistic and linear regres-

sion analyses testing the influence of treatment (any type) received

during hospitalization and the probability of tT increase at follow-up;

therapy with either systemic corticosteroid, bDMARDs, antivirals or

bDMARDs + antivirals was not associated with the probability of tT

increase or themagnitude of tT change at follow-up (Table 4).

4 DISCUSSION

Current findings show that tT levels significantly increased at 7-

month follow-up in men who recovered from COVID-19. Overall, tT

increased in almost 90% of patients, but further decreased in roughly

10% of the entire cohort as compared with values at hospital admit-

tance. Still, 55% of men depicted tT concentrations suggestive for

hypogonadism,20 despite patients having recovered from COVID-19

and the time elapsed. Of clinical relevance, the higher the burden of

comorbid conditions at presentation, the lower the probability of tT

levels recovery throughout the follow-up. Interestingly enough, treat-

ments (any, including antiviral therapy, systemic corticosteroids or

bDMARDs) used for curing SARS-CoV-2 infection did not impact tT

levels.

Our observations further stressed the clinical importance of recent

findings showing that SARS-CoV-2 infection status was independently
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TABLE 2 Logistic regressionmodels predicting increase in total
testosterone levels at 7-month follow-up

Increased testosterone

levelsMVAOR; p-value [95%CI]

Age 1.00; 1 [0.89, 1.12]

BMI 1.13; 0.4 [086, 1.48]

CCI 0.36; 0.03 [0.14, 0.89]

IL-6 1.43; 0.04 [1.00, 2.05]

Abbreviations: BMI, bodymass index; CCI, Charlson Comorbidity Index; IL-

6, interleukin-6;MVA, multivariable analyses; OR, odds ratio.

TABLE 3 Linear regressionmodels predicting themagnitude of
total testosterone level increases in the whole cohort (n= 121)

(A)

Multivariablemodel B;

p-value [95%CI]

Age −0.01; 0.8 [−0.10, 0.08]

BMI −0.20; 0.8 [−0.42, 0.03]

CCI −1.05; 0.01 [−1.84,−0.25]

IL-6 0.00; 0.4 [−0.00, 0.01]

Abbreviations: BMI, bodymass index; CCI, Charlson Comorbidity Index; IL-

6, interleukin-6.

associated with tT levels suggestive for hypogonadism already at hos-

pital admittance,9–12 and that lower tT levels were associated with

poorer clinical outcomes (i.e., greatest need of ICU and highest risk of

death) in menwith COVID-19.9–13

Here, in a relatively large group of patients from the original cohort

ofmenwho had been admitted at a single academic hospital because of

symptomatic SARS-CoV-2 infection between February 29 and May 2,

2020,12 we had the option to continue and describe the terrible impact

of COVID-19 in terms of overall health of most of infected males, and

in particular on the testicular endocrine function, which seemed to

F IGURE 2 Interaction test assessing the probability (%) that
circulating total testosterone levels could increase according to
Charlson Comorbidity Index (CCI) score at hospital admittance

TABLE 4 (A) Logistic regression testing association between
medical treatments and increased testosterone at follow-up; and (B)
linear regression testing association betweenmedical treatments and
magnitude of testosterone increase at follow-up

A) OR 95%CI p-Value

Corticosteroids 0.30 0.01, 6.48 0.4

Antivirals 3.19 0.81, 12.53 0.10

bDMARDs 2.52 0.73, 8.73 0.15

bDMARDs+ corticosteroids 3.34 0.10, 109.90 0.5

B) Coefficient 95%CI p-Value

Corticosteroids −3.19 −9.93, 3.56 0.4

Antivirals 1.59 −1.00, 4.17 0.2

bDMARDs 0.88 −0.80, 2.56 0.3

bDMARDs+ corticosteroids 3.42 −3.70, 10.54 0.3

Abbreviations: bDMARDs, biological disease-modifying anti-rheumatic

drugs; OR, odds ratio.

be particularly affected over time. Indeed, according to our original

results, we had postulated five hypotheses in order to attempt and

explain the potential importance of low T levels in terms of sex differ-

ences in COVID-19 severity.12

First, we had considered that low tT levels may simply be a

marker of illness severity, thus recapitulating what has already been

reported for viral infections.2,28,29 Current findings may partially

support this hypothesis, as the progressive—although slow and only

partial—recovery of circulating T levels would seem to go in the direc-

tion of a tT also acting as a marker of severity of an overall severely

compromised health condition. Second hypothesis was that andro-

gens per se are poorly protective over the immune response in males

as compared with the actual ability of estrogens (along with proges-

terone) to provide adequate protection to females, even stimulating

the humoral response to viral infections30–33; as a consequence, male

T production undergoes a dramatic impact because of SARS-CoV-2

infection, but T levels per se could not elicit an effective counteracting

response to the inflammatory and immunological outcome resulting

from viral infection.34,35 The third hypothesis we postulated had con-

sidered a background condition of chronic low T levels that could facil-

itate overall greater incidence, higher severity, and greater probability

of fatal events in men compared to women.34 Up to now, no data could

either corroborate or rebut the idea that baseline preinfection tT lev-

els were responsible for worse clinical outcomes in men with COVID-

19. Indeed, even recently, Dhindsa et al.13 confirmed previous findings

that in their cohort of male patients with severe COVID-19 (i.e., ICU

admission [OR, 0.15; p= 0.007] and ventilator use [OR, 0.29; p= 0.01]),

baseline tT concentrations were lower compared to those of men with

milder disease, where T levels were anyhow still lower than the refer-

ence range. Likewise, the greater the inflammatory state, the lower the

circulating T levels. Overall, the authors had to admit that their study

could not determine whether T was a marker or a mediator associated

with COVID-19 severity, as they did not know the pre-illness serum

T concentrations in their studied patients.13 Conversely, while they
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supported the concept that T levels had already declined dramatically

compared with their baseline concentrations, alternatively Dhindsa

and colleagues could not exclude that those men who had developed

severe COVID-19 had T concentrations that were already chronically

less than the reference range, even prior to their illness. Indeed, they

discussed that men with chronically low T have a number of physi-

cal characteristics (e.g., decreased muscle mass and strength), which

could have a role in contributing to the clearly observeddecreased lung

capacity and ventilator dependence.13,36 Of paramount clinical impor-

tance, these authors have postulated the concept that long-term T

treatment has even potential to prevent respiratory compromise in ill-

nesses and acute infections that target the respiratory tract.13,37 Fur-

ther studies should be addressed to answer this question.

As a fourth hypothesis, the interaction between SARS-CoV-2 and

androgen-regulated proteins to invade host cells has been discussed,

including viral receptor angiotensin-converting enzyme 2 (ACE2) for

viral entry and cell surface protease transmembrane serine protease 2

(TMPRSS2) for viral Sproteinpriming.6 Here,we further confirmed this

interaction, and the clinical importance that the impact of SARS-CoV-2

infection in the testes eventually promotes. Indeed, data demonstrated

that SARS-CoV-2 infection is associated with sparse intratubular cells

with swollen and vacuolated Sertoli cells along with a decreased num-

ber of Leydig cells in the testicular interstitium.6,7 Thus, focusing on

the possible harm to testicular steroidogenesis, SARS-CoV-2 per se

was demonstrated to reduce Leydig cell population (as also indirectly

depicted because of the dramatic decrease in terms of insulin-like fac-

tor 3, the most abundantly expressed proteins in Leydig cells) and Ley-

dig cell functions, eventually lowering T production.5–7 Our findings

further corroborate this pathophysiology observations.

Lastly, we had hypothesized that the virus–host interaction mech-

anism in males is different, and more acutely linked to SARS-CoV-

2 infection per se, with tT levels suggestive for hypogonadism

observed in almost 90% of patients with COVID-19 already at hos-

pital admission.12 According to our speculation, circulating tT levels

could have been negatively affected also by acute illness,29 including

acute viral infections. We found that SARS-CoV-2 infection status per

se emerged to be independently associated with both lower tT levels

andhypogonadism, further strengthening the speculationon the causal

role of the infection in the androgenic collapse.

First strength of current observations is that this study is the first

to comprehensively follow a group of men who had been considered

over time after being included in the original case–control study12;

here, we report novel finding that tT slowly increases throughout the

follow-up timeframe in men who recovered from COVID-19, but still

median concentrations are only slightly above the threshold suggestive

for hypogonadism (i.e., tT threshold suggested by the Endocrine Soci-

ety is<9.2 nmol/L20) even at 7-month follow-up. Second, we observed

that almost 10% of the cohort of men who recovered from the disease

suffered a further decrease in tT values. Along with the persistence

of circulating levels suggestive for hypogonadism in 55% of patients,

this observation could further support the concept that tT is clinically

relevant in patients with COVID-19, and future prospective studies

should probably also consider to apply T therapy in those cases that

present with baseline parameters suggestive of worse outcomes and

more difficult tT recovery (i.e., greater CCI scores) already at hospital

admittance.38

Therefore, once again our findings outline the importance of assess-

ing serum hormones in men presenting for COVID-19; on the one

hand, tT levels emerged as a potential early sentinel marker for subse-

quentworse outcomes during hospitalization, and on the other, as they

deserve to be continuously assessed over time, being this true espe-

cially in men with greater burden of comorbid conditions at presenta-

tion that may suffer from slower and more difficult recovery of overall

health.

Our study is not devoid of limitations. First, this was a single-center-

based observational study that evaluated the recovery of tT concen-

trations in men after COVID-19, thus raising the possibility of selec-

tion biases and limiting the generalizability of the findings. Therefore,

although we could not make final interpretations of causality, such

a specific tT levels behavior may support the hypothesis of a direct

impact of SARS-CoV-2 infection in terms of testicular steroidogene-

sis. Second, as previously detailed,12 this study is part of an institu-

tional protocol, which lacks a pre-infection hormonal milieu assess-

ment in men with COVID-19. Third, we did not assess free or bioavail-

able T concentrations. Finally, we are aware that longer follow-up

assessments of sex steroids inmenwho recovered fromCOVID-19 are

needed to even better investigate causality correlations.

5 CONCLUSIONS

Although total testosterone levels increase over time after COVID-

19, our findings indicate that more than 50% of men who recovered

from the disease still showed low circulating testosterone levels sug-

gestive for a condition of hypogonadism at 7-month follow-up. In as

many as 10% of cases, testosterone levels even decreased throughout

the follow-up timeframe. Of clinical relevance, the higher the burden

of comorbid conditions at presentation, the lower the probability of

testosterone levels recovery over time.
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