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Abstract

Purpose Hypogonadism was described in high number of male subjects with severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection. In this study, we investigated whether low testosterone (7) values may influence the clinical
presentation and outcome of SARS-CoV-2-related pneumonia in a large population of adult males with coronavirus disease
19 (COVID-19).

Methods Two hundred twenty one adult males hospitalized for COVID-19 at the IRCCS Humanitas Research Hospital,
Rozzano-Milan (Italy) were consecutively evaluated for arterial partial pressure oxygen (PaO,)/fraction of inspired oxygen
(FiO,) ratio, serum T and inflammatory parameters at study entry, need of ventilation during hospital stay and in-hospital
mortality.

Results Subjects low T values (< 8 nmol/L; 176 cases) were significantly older (P=0.001) and had higher serum interleukin-6
(P=0.001), C-reactive protein (P <0.001), lactate dehydrogenase (P <0.001), ferritin (P=0.012), lower P/F ratio (P=0.001),
increased prevalence of low T3 syndrome (P=0.041), acute respiratory insufficiency (P <0.001), more frequently need of
ventilation (P <0.001) and higher mortality rate (P=0.009) compared to subjects with higher T values. In the multivari-
able regression analyses, T values maintained significant associations with acute respiratory insufficiency (odds ratio [OR]
0.85, 95% confidence interval [CI] 0.79-0.94; P < 0.001 and in-hospital mortality (OR 0.80, 95% CI 0.69-0.95; P =0.009),
independently of age, comorbidities, thyroid function and inflammation.

Conclusion Low T levels values are associated with unfavorable outcome of COVID-19. Prospective studies are needed to
evaluate the long-term outcomes of hypogonadism related to COVID-19 and the clinical impact of T replacement during
and after acute illness.
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Introduction

Since December 2019, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection has become a
worldwide urgent public health concern with more than
170 million of infected subjects. Despite the terrible bur-
den of health-related consequences, including now up to
3.5 million deaths worldwide, unfortunately the major-
ity of biological mechanisms involved in the severe acute
respiratory SARS-CoV-2 infection and related COVID-19
disease, still remain unknown [1] . There is convincing
evidence that males may have more severe COVID-19 with
higher risk of mortality as compared to females [2—4].
The determinants of such a gender-related variability in
clinical outcome of COVID-19 are still unclear, with some
authors suggesting low disease awareness and high comor-
bidity burden as possible determinants of more aggressive
COVID-19 in males [5]. Previous studies reported low tes-
tosterone (T) serum levels in a large number of males with
COVID-19 [6-11]. However, clinical impact of T serum
levels on SARS-CoV-2 infection outcomes is still unclear.
In particular, it is unknown whether the clinical relevance
of low T values in COVID19 may resemble that described
in other acute and severe diseases [12—14]. Conversely,
clinical and experimental evidence suggests role of high
T values as a possible risk factor for severe COVID-19
disease trough complex androgen receptor (AR)-mediated
mechanisms [15-17].

In this monocentric study, we focused on possible
impact of low T serum levels on clinical presentation and
outcome of SARS-CoV-2-related pneumonia.

Materials and methods

This is a monocentric study performed on 221 consecutive
male patients hospitalized for COVID-19 at the IRCCS
Humanitas Research Hospital, Rozzano-Milan, Italy
between November 1, 2020 and January 31, 2021. The
inclusion criteria were: (1) hospitalization for COVID-19
diagnosed by real-time reverse-transcriptase—polymerase-
chain-reaction assay of nasal and pharyngeal swab speci-
mens and or bronco-alveolar lavage fluid associated with
clinical and radiological signs of pneumonia [18]; (2) male
sex; (3) older than 18 years; (4) completed hospital course
at study end (discharged or dead). Requirement of intuba-
tion and mechanical respiratory support at study entry was
an exclusion criterion.

Testosterone was measured using Access Testosterone
assay (Beckman Coulter Inc, Fullerton, CA), a competi-
tive immunoassay method that has analytical and clinical

@ Springer

acceptable correlation with mass-spectrometry method
[19]. Other parameters were measured using standard-
ized methods. According to total T serum levels, patients
were categorized in three groups: Group I (7 < 8 nmol/L),
Group II (T between 8 and 12 nmol/L), Group III (T > 12
nmol/L). Patients of Group I were defined hypogonadal
[20] and they were further subdivided in two categories
according to serum luteinizing hormone (LH) values (LH
<94 U/L,LH > 9.4 U/L) [20, 21].

The first endpoint of the study was the association
between serum T levels and respiratory insufficiency at
study entry. The diagnostic criteria for acute hypoxemic
respiratory failure were PaO, < 60 mmHg on room air or
arterial partial pressure oxygen (PaO,)/fraction of inspired
oxygen (FiO,) ratio < 300 mmHg on oxygen, as measured
by arterial blood gas analysis [22]. Secondary endpoints
were the associations between serum T and (1) inflammatory
markers, (2) comorbidities, (3) need of ventilation during
hospital stay and (4) in-hospital mortality rate. Moreover, in
194 subjects, we evaluated the association between serum T
values and thyroid function/dysfunction potentially related
to COVID-19 [23, 24].

At study entry, before starting any treatment for COVID-
19, enrolled subjects were evaluated for: PaO,/FiO, ratio,
hypertension, coronary artery diseases (CAD), chronic kid-
ney disease (CKD) (from stage 3A and worse, corresponding
to eGFR < 60 mL/min/1.73 m?, calculated by CKD-EPI),
obesity (defined as a Body Mass Index > 30 kg/m?), past
or active cancer, chronic obstructive pulmonary disease
(COPD), serum T (nmol/L), LH (U/L), 25-hydroxyvitamin
vitamin D (250HD)(ng/mL), thyroid-stimulating hormone
(TSH) (uUI/mL), free-triiodothyronine (fT3) (pmol/L), free-
tetraiodothyronine (fT4) (pmol/L), interleukin-6 (IL-6, pg/
mL), lactate dehydrogenase (LDH) (U/L), ferritin (ng/mL),
C-reactive protein (CRP) (mg/dL).

According to the Guidelines of the Italian Society of
Infectious Disease [25] and to the Institutional internal
protocol, patients with COVID-19 at the admission started
standard therapy consisting of enoxaparin at either prophy-
lactic or therapeutic doses according to the clinical judg-
ment [26], antiviral agents (lopinavir/ritonavir, remdesivir),
corticosteroids and antibiotics.

Some of the enrolled patients had been already involved
in other COVID-19 studies evaluating endpoints which were
different from the present study [26-31].

The study was approved by the Ethics Committee of
IRCCS Humanitas Research Hospital and the patients gave
their consent to use the clinical and biochemical data for
research purposes.
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Statistical analysis

Data were presented as median and absolute range, unless
otherwise stated. Since most of variables were non-nor-
mally distributed as assessed by Kolmogorov—Smirnov
test, non-parametric tests were used. The comparisons were
performed by Mann—Whitney and Kruskal-Wallis tests,
with post hoc Bonferroni’s correction when appropriate.
Frequencies were compared by the Chi-Squared test, with
Fisher’s correction when appropriate. A logistic regression
analysis was performed and the odds ratio (OR) with 95%
confidence interval (95% C.1.) were calculated to evaluate
the determinants of acute hypoxemic respiratory failure
at study entry and in-hospital mortality. All risk factors
with a P value under 0.10 were then submitted to multi-
variable logistic regression analyses taking into account the

minimal guidance criterion of ten events per variable [32].
P value <0.05 was considered as significant.

Results

Two hundred twenty one adult subjects were included in the
study, with median age of 70.5 years (range 26-93 years)
and median body mass index (BMI) of 27.2 kg/m? (range
17.9-45.0). Study participants characteristics are summa-
rized in Table 1.

Normal T serum levels (Group III) were found in only
7.7% of the study population (n=17), whereas frankly low
T levels were detected in 176 patients (79.6%, Group 1) and
borderline T serum levels in 28 (12.7%, Group II). Subjects
included in Group I were significantly older (P=0.001) and

Table 1 Demographical and clinical characteristics of study population, considering the entire cohort and the stratification for total testosterone

serum levels

Entire population

Subgroups by serum total testosterone values

Group I Group II Group III P values

T < 8 nmol/L. T 8-12 nmol/L T> 12 nmol/L
N 221 176 28 17
Age (years) 70.5 (26-93) 72.5 (30-93) 63 (45-86) 59 (26-84) 0.001
BMI (kg/m?) 27.2 (17.9-45.0) 27.0 (17.9-42.3) 27.6 (18.0-35.6) 27.0 (22.2-45.0) 0.798
Arterial hypertension no. (%) 109 (60.9) 87 (61.7) 13 (52.0) 9 (69.2) 0.536
Diabetes mellitus no. (%) 53 (24.0) 45 (25.6) 5(17.9) 3(17.6) 0.551
CAD no. (%) 95 (43.0) 78 (44.3) 8 (28.6) 9 (52.9) 0.203
Active or past cancer no. (%) 51 (23.1) 45 (25.6) 3(10.7) 3(17.6) 0.191
COPD no. (%) 37 (16.7) 32 (18.2) 3(10.7) 2(11.8) 0.524
CKD no. (%) 30 (13.6) 24 (13.6) 3(10.7) 3(17.6) 0.804
>?2 comorbidities no. (%) 122 (55.2) 104 (59.1) 8 (28.6) * 10 (58.8)* 0.001
IL-6 (pg/mL) 26.0 (2.0-480.0) 32.5 (2.0-480.0) 14.0 (2.0-182.0) * 14.0 (4.0-119.0)* 0.001
Ferritin (ng/mL) 572.2 (3.8-5027.0) 606.8 (3.8-5027.0) 533.7 (37.0-2013.0) 237.8 (47.0-918.0)* 0.012
CRP (mg/dL) 8.7 (0.1-80.6) 9.8 (0.1-56.6) 6.3 (0.6-80.6) 1.70 (0.1-14.6)* <0.001
LDH (U/L) 314.0 (31.0-2484.0)  331.5(79.0-2484.0)  268.0 (184.0-456.0)*%  207.0 (31.0-572.0)* <0.001
LH (U/L) 7.2 (0.2-78.0) 7.1 (0.245.3) 7.5 (3.5-78.0) 7.23 (3.5-14.1) 0.507
25(0OH) D (ng/mL) 15.0 (2.0-73.0) 15.0 (2.0-73) 19.0 (4.0-47.0) 15.5 (6.3-31.0) 0.425
TSH (uUI/mL)** 0.66 (0.0-93.0) 0.64 (0.0-93.0) 0.66 (0.1-2.6) 1.35(0.3-5.1) 0.206
fT3 (pmol/L)** 3.43(1.3-6.3) 3.32(1.3-6.3) 3.59 (2.3-6.3) 3.86 (2.6-4.8)* 0.041
Low-T3-syndrome, n (%)** 94 (48.5) 80 (53.3) 9(33.3) 5(29.4) 0.041
fT4 (pmol/L)** 13.39 (7.6-25.9) 13.98 (7.6-25.9) 14.06 (9.2-21.5) 12.8 (8.1-19.8) 0.410
PaO,/FiO, no. (%) 295.0 (97.0-592.0) 278.1 (97.0-592.0) 310.5 (117.0-471.0)* 328.0 (247.0-452.0)* 0.001

Values in bold were statistically significant

BMI body mass index, CAD coronary artery disease, CKD chronic kidney disease, COPD chronic obstructive pulmonary disease, CRP C-reac-
tive protein, fT3 free-triiodothyronine, f74 free-tetraiodothyronine, /L-6 interleukin-6, LDH lactate dehydrogenase, LH luteinizing hormone,
PaO,/FiO, arterial partial pressure oxygen/fraction of inspired oxygen ratio, 7 total testosterone, 7SH thyroid-stimulating hormone, 25(0OH) D

25 hydroxyvitamin D

Categorical data are presented as n/n or %, whereas continuous data are presented as median and range

8P <0.05 vs Group III
*P<0.05 vs Group I
** Available for 194 subjects
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had higher number of comorbidities (P=0.001), serum IL-6
levels (P=0.001), CRP (P <0.001), ferritin (P=0.012) and
LDH (P <0.001) compared to Group III (Table 1). Moreo-
ver, Group I showed lower PaO,/FiO, ratio (P=0.001) and
fT3 serum levels (P=0.041) as compared to subjects with
normal T values of Group III (Table 1). Subjects of Group
II had significantly lower IL-6 (P=0.001), LDH (P=0.018)
and higher PaO,/FiO, ratio (P =0.044) compared to Group I,
without significant differences in CRP (P =0.107) and ferri-
tin (P=0.869) values (Table 1). Moreover, subjects of Group
II had significantly higher serum CRP (P=0.005), LDH
(P=0.04) and ferritin (P=0.009) compared to Group III,
without significant difference in PaO2/FiO2 ratio (P=0.128)
(Table 1).

When subjects included in Group I were stratified accord-
ing to LH serum levels, men with LH < 9.4 U/L were signifi-
cantly younger (P <0.001) and had lower prevalence of CAD
(P=0.008), COPD (P <0.005) and lower comorbidities bur-
den (P=0.015) as compared to subjects with LH>9.4 U/L,
without significant differences in BMI, arterial hypertension,
diabetes mellitus, cancer, CKD, inflammatory parameters
and T levels (Supplemental Table 1).

TSH and fT4 serum levels did not differ among groups
(Table 1). However, a significant difference in fT3 serum
levels was detected among groups (P=0.041) (Table 1).
The low T3 syndrome could be defined as the condition in
which reduced fT3 serum levels were detected together with
normal TSH and fT4 serum levels [33]. The non-thyroidal
illness was found in up to 48.5% (94/194) of study subjects,
with significantly higher prevalence in Group I as compared
to Group II and III (53.3% vs 33.3% vs 29.4%, respectively,
P=0.041) (Table 1).

Respiratory outcomes

At study entry, 115 subjects (52.0%) fulfilled criteria for
acute hypoxemic respiratory failure in association with
higher ferritin (P =0.003) and lower T values (P <0.001)
(Table 2). These associations remained statistically signifi-
cant in the multivariable analysis (Fig. 1). The prevalence
of acute hypoxemic respiratory failure was significantly
higher in subjects of Group I as compared to both Group II
(P=0.009) and Group IIT (P <0.001), without significant
difference between Group II and III (P =0.488) (Fig. 2).

No significant difference in acute hypoxemic respiratory
failure was observed in hypogonadal subjects with LH <9.4
U/L compared to those with LH>9.4 U/L (Supplemental
Table 1).

During hospital stay, 134 subjects (60.6%) required
oxygen support (99 with high-flow nasal or mask oxygen;
33 with continuous positive airways pressure [CPAP] and
two with invasive ventilation). The prevalence of patients
requiring ventilation (either invasive or non-invasive) was
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Table 2 Determinants of hypoxemic respiratory failure at admission,
in 221 males hospitalized for COVID-19

Univariate analysis

OR 95% CI P values
Age 1.01 0.99-1.03 0.579
BMI 1.04 0.97-1.11 0314
Arterial hypertension 1.09 0.64-1.89 0.741
Diabetes mellitus 1.73 0.92-3.26 0.089
CAD 0.78 0.46.1.32 0.351
Active or past cancer 0.86 0.46-1.59 0.620
COPD 1.44 0.70-2.94 0.323
CKD 0.57 0.26-1.25 0.159
>?2 comorbidities 1.20 0.71-2.05 0.496
IL-6 (tertiles) 0.91 0.65-1.26 0.553
Ferritin (tertiles) 1.67 1.19-2.34 0.003
CRP 1.02 0.99-1.05 0.278
LDH 1.00 1.00-1.01 0.144
fT3 1.01 0.95-1.07 0.608
LH 0.99 0.97-1.03 0.970
T 0,85 0.79-0.94 <0.01

Values in bold were statistically significant

BMI body mass index, CAD coronary artery disease, CKD chronic
kidney disease, COPD chronic obstructive pulmonary disease, CRP
C-reactive protein, f13 free-triiodothyronine, /L-6 interleukin-6, LDH
lactate dehydrogenase, LH luteinizing hormone, f73 free T, total tes-
tosterone

significantly higher in Group I compared to either Group II
or III (P <0.001 for both comparisons), whereas no signifi-
cant difference was observed between the latter two groups
(P=0.756) (Fig. 2).

In-hospital mortality

The overall in-hospital mortality rate was 17.6% (n=39).
All but one subjects deceased during hospitalization were
included in Group I (P <0.009 vs Group II and III). In
univariable regression model, in-hospital mortality was
associated with older age (P <0.001), BMI (P=0.003),
PaO,/FiO, ratio (P =0.010), CAD (P =0.002), cancer
(P=0.017), COPD (P=0.001), serum CRP (P = 0.039),
IL-6 (P <0.001), LDH (P=0.044), T (P <0.001) and {T3
values (P <0.001) (Table 3). In multivariable regression
analyses, low T serum levels maintained the statistically
significant association with in-hospital mortality indepen-
dently of age, comorbidities, inflammation markers, fT3
values and BMI (Fig. 3A-C).

In Group I, in-hospital mortality rate was significantly
higher in subjects with LH>9.4 U/L vs. those with lower
LH serum values (Supplemental Table 1).
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Fig.1 Multivariable regression
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Fig.2 Frequencies of acute respiratory failure at admission and oxy-
gen support during hospitalization in 221 male subjects with COVID-
19 stratified in three groups according to serum total testosterone

Discussion

This study reports an association between T deficiency and
high risk of acute hypoxemic respiratory failure at admis-
sion, need of oxygen support and mortality during hospital
stay in adult males with COVID-19, independently of age,

(T) values (Group I, <7 < 8 nmol/L; Group II, T between 8 and 12
nmol/L; Group III, 7> 12 nmol/L). The comparisons were performed
by Chi-square tests, with Fisher correction when appropriate

inflammatory markers, low T3 syndrome and comorbidity
burden.

Advanced age and comorbidities are unequivocally asso-
ciated with faster T decline in men [34-36]. It is largely
demonstrated that acute and critical illnesses cause a T
decrease due to the direct action of cytokines on Leydig

@ Springer



758

Journal of Endocrinological Investigation (2022) 45:753-762

Table 3 Determinants of in-hospital mortality in 221 male subjects
hospitalized for COVID-19

Univariate analysis

OR 95% C1 P values
Age 1.08 1.03-1.11 <0.001
BMI 0.84 0.75-0.94 0.003
Arterial hypertension 1.46 0.69-3.07 0.320
Diabetes mellitus 1.27 0.58-2.78 0.550
CAD 3.24 1.56-6.72 0.020
Active or past cancer 2.47 1.17-5.18 0.017
COPD 3.77 1.72-8.29 0.001
CKD 1.83 0.75-4.49 0.186
>2 comorbidities 9.36 3.19-27.44 <0.001
IL-6 (tertiles) 2.52 1.51-4.21 <0.001
Ferritin (tertiles) 0.95 0.62-1.45 0.827
CRP 1.03 1.01-1.06 0.039
LDH 1.01 1.00-1.02 0.044
LH 1.02 0.99-1.05 0.286
T 0.75 0.64-0.87 <0.001
fT3 0,24 0,12-0,48 <0.001
PaO,/FiO, 0.99 0.99-0.99 0.010

Values in bold were statistically significant

BMI body mass index, CAD coronary artery disease, CKD chronic
kidney disease, COPD chronic obstructive pulmonary disease, CRP
C-reactive protein, f13 free-triiodothyronine, /L-6 interleukin-6, LDH
lactate dehydrogenase, LH luteinizing hormone, PaO,/FiO, arterial
partial pressure oxygen/fraction of inspired oxygen ratio, T total tes-
tosterone

cells during the acute phase [37], as well as a reduction of
LH secretion by the pituitary during the chronic phase [38].
Large epidemiologic studies report hypogonadism preva-
lence from 9 to 17% in elderly population [35, 36], with
increased prevalence up to 50% in hospitalized elderly sub-
jects (mean age 86 years); moreover, an inverse correlation
between serum T levels and mortality was reported [14].
Interestingly, Iglesias et al. reported respiratory tract infec-
tion as the main cause of hospitalization in hypogonadal
men [14]. However, a correlation between hypogonadism
and susceptibility to infections is not yet clear. Indeed, T acts
as a modulator of immune response [39, 40], but, at the same
time, one could argue that the inflammation could be itself
the cause of T secretion reduction. In attempt to explain
the higher COVID-19 mortality rates observed in the male
population, the possible role of T during the disease course
has been largely debated [41], but only few studies have
properly investigated its role in the clinical setting.

First, a significant association between low T and both
inflammation parameters and COVID-19 disease course
severity was described by few studies so far. Rastrelli et al.
reported for the first time the increase of inflammatory
markers (IL-6, CRP, PCT, LDH and white blood cells) in a
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small groups of subjects with lower T (i.e., T < 5.0 nmol/L)
admitted to intensive care units (ICU) due to COVID-19
pneumonia as compared to those with higher T serum levels
at time of admission [6]. Similar findings have been later
confirmed in larger cohorts of COVID-19 affected subjects,
either asymptomatic or admitted to internal medicine wards
and ICU [7-10]. These studies are poorly comparable, due
to the different thresholds applied to identify low T subjects
and the heterogeneity of the populations involved (e.g., ICU
vs asymptomatic subjects). The high prevalence observed in
our cohort suggests a specific association between SARS-
CoV-2 infection and gonadal failure, possibly involving
the whole hypothalamic-pituitary—gonadal (HPG) axis, in
association with a higher degree of systemic inflammation,
as similarly described for other endocrine glands [28, 42].

The prevalence of hypogonadism is increased within spe-
cific populations, including patients with diabetes, metabolic
syndrome, obesity, cardiovascular disease, COPD, renal dis-
ease and cancer [43]. Consistently, a high burden of comor-
bidities was observed in our low T population, with more
than 50% of subjects with low T values having 2 or more
comorbidities. Moreover, up to 50% of the population was
found to have low T3 syndrome, which is an established
predictor of higher mortality among COVID-19 hospital-
ized subjects [23, 24]. However, when the potential clinical
impact of low T values was evaluated, we found that low T
serum levels were associated with unfavorable COVID-19
outcomes, independently of comorbidities burden, thyroid
status and inflammation markers. This finding fosters the
hypothesis that low T values should be considered as a direct
consequence of COVID-19 disease rather than an epiphe-
nomenon of systemic illness or inflammation.

High rates of acute respiratory insufficiency were
reported among low T populations with COVID-19 disease,
ranging from 62.5 to 100% of individuals, and worse respira-
tory outcomes have been found in the hypogonadal groups
as compared to normal T subjects by some [6, 7,9, 11], but
not all authors [8]. We found a significant difference in acute
respiratory insufficiency prevalence between low T and nor-
mal subjects. A multivariable logistic regression analysis
allowed us to confirm the direct relationship between T lev-
els and respiratory insufficiency at admission, independently
from other confounding factors. A higher risk of hospitali-
zation for respiratory cause has been previously reported
among hypogonadal subjects [14]. This could be directly
due to the role of hypoxemia and hypercapnia, rather than
inflammatory state itself, reducing serum T, as described in
adult COPD subjects [44]. Nevertheless, the exact mecha-
nism of such association remains unclear.

Mortality rates, similarly to respiratory outcomes, appear
to be quite variable across the COVID-19 hypogonadal pop-
ulations, ranging from 5 to 27% [7, 9]. This variability likely
reflects the highly heterogeneous study populations. Among
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Fig.3 Multivariable regression (a)
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these, indeed, some studies reported an increased mortality
rate across low T subjects [7, 9, 10], whereas others could
not describe a similar association [6, 8]. In our population,
overall mortality was as high as 17.6%, confirming results

obtained from a recent meta-analysis involving hospitalized
subjects with COVID-19 [45]. Interestingly, in our large and
homogeneous population of elderly adults with mild to mod-
erate conditions at hospital admission, we could describe
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for the first time among low T subjects both an increased
serum level of inflammatory markers and a significantly
higher risk of acute hypoxemic respiratory failure and mor-
tality (Fig. 3). Thus, we could speculate that low T serum
levels could be the result of a higher degree of inflamma-
tion and systemic allostatic mechanisms, as confirmed by
significantly lower fT3 serum levels observed in Group I
subjects. However, multivariable regression analyses showed
the independent relation between inflammatory markers,
age and comorbidities and the main study outcomes. These
observations suggest a direct relationship between low T
levels and unfavorable disease course, possibly related to the
known immuno-modulatory action of testosterone [39, 40],
consistently with previous evidence demonstrating higher
respiratory disease-related mortality in hypogonadal sub-
jects [46, 47].

Due to the frequent association of primary hypogonadism
with other conditions (e.g., Klinefelter syndrome), the extent
to which different forms of hypogonadism influence mortal-
ity remain largely disputed. Interestingly, in line with obser-
vations made by Araujo et al. [46], our cohort showed a
significantly higher mortality rate in subjects with primary
hypogonadism, independently from T levels. However, we
recognize that age and comorbidities, are also significantly
higher in the primary hypogonadism group as compared to
central forms.

Lastly, some authors suggest a possible relationship
between higher 7 values and worse COVID-19 disease medi-
ated by AR. Indeed, the transmembrane protease serine 2
receptor (TMPRSS2) expression, essential for viral entrance
in human cells, appears to be increased by the AR activation,
ultimately favoring viral entrance [16]. Consistently, men
receiving androgen-deprivation therapy seem to be at lower
risk of infection [15], although the causal nature of this asso-
ciation has not been established. Unfortunately, none of our
study subjects either was receiving androgen deprivation
therapy or had increased serum T levels, therefore, we could
not draw any conclusion on this issue.

This study has some limitations. First, the advanced
patients’ age suggests late-onset hypogonadism may have
been the main possible cause of low T levels. Indeed, we
did not provide information about previous gonadal status
of enrolled subjects and testosterone values were measured
in a single blood sample drawn at study entry, to rule out
possible interferences induced by treatments of COVID19
used during hospital stay. This approach, did not allow also
to perform a correct diagnosis of hypogonadism in all sub-
jects as well as to define the duration of exposure to low
testosterone values. Indeed, according to reference guide-
lines [21], diagnosis of hypogonadism should be based on
morning (08.00-10.00 a.m.) T levels below the reference
range in at least two different occasions; in our study, a sin-
gle measure of T was made at hospital admission, probably
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over-estimating the prevalence of hypogonadism. Moreover,
circadian rhythms of T secretion have not been respected
in T determination [48]. Again, we could not assess serum
sex-hormone-binding globulin (SHBG) levels, that may have
provided more reliable information on peripheral hormone
status. Nonetheless, SHBG determination is particularly
useful when borderline T levels are detected. However, the
majority of the study population resulted to have frankly low
T levels. Moreover, although elevated SHBG levels have
been reported in many pathological conditions [49, 50], the
only study measuring SHBG during COVID-19 could not
find differences across study subjects stratified for disease
severity [6]. Finally, our study did not include a control
group which may have allowed to clarify whether hypog-
onadism was a specific consequence of SARS-CoV-2 infec-
tion. However, the end-point of this study was the impact
of hypogonadism on clinical outcome of COVID-19 rather
than clarifying the determinants of hypogonadism in this
clinical setting.

Notwithstanding these limitations, our results may have
a relevant clinical impact. Indeed, long-term sequelae of
COVID-19 are increasingly being appreciated on physi-
cal [51] and psychological [52] health. Fatigue, muscular
weakness, mood swings and sleep disturbances have been
reported as part of the so-called “post-acute COVID syn-
drome” and are all common symptoms among hypogonadal
patients [53]. Consistent with the robust evidence linking T
secretion impairment during acute COVID-19, one could
speculate that the impairment of HPG axis could persist
over time, invalidating a prompt physical and psychologi-
cal recovery, especially for patients with pre-existent frailty.

Conclusion

This retrospective cohort adds consistent evidence to previ-
ous reports about the role of low circulating T levels as a
marker of higher risk of severe outcomes among COVID-
19 male patients. In view of the pandemic dimensions of
COVID-19, prospective studies are needed to evaluate
gonadal function in subjects recovering from illness and its
relationship with long-term consequences of the disease on
general health status.
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