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Association of the androgens with COVID-19 =
prognostic outcomes: a systematic review

Linyu Zhang'?, Xinrui Sun'?, Ying Feng® and Fang Ma'#"

Abstract

Objective The coronavirus disease 2019 was a global public health emergency in later years (from 2020 to early
2022), and androgens have been associated with infection and prognostic outcomes. However, the relationship
between low serum testosterone levels and prognostic outcomes remains inconclusive. This systematic review
aimed to investigate the relationship between serum testosterone levels and prognostic outcomes in patients with
COVID-19.

Methods We searched PubMed, MEDLINE, EMBASE and Web of Science electronic databases for all literature from
January 1, 2020, to September 1, 2022. In addition, we also searched literature manually. The search terms were
COVID-19, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), androgens, and testosterone. There were no
language restrictions for retrieval.

Results Our search identified 2285 articles, resulting in a full-text analysis of 16 studies, including 12 cohort studies
and four case-control studies. Low serum testosterone levels were observed to be statistically associated with a higher
probability of intensive care unit (ICU) admission in seven studies. In eight studies, higher hospital mortality was
associated with lower serum testosterone levels. Six studies found that low serum testosterone levels were associated
with a statistically significant difference in lung function impairment. Only four studies found that among living
patients, those with lower serum testosterone levels had longer hospital stays. All but one of the included studies had
a low risk of bias.

Conclusions Based on available data, low serum testosterone levels are associated with higher rates of ICU
admission, hospital mortality, risk of lung failure, inflammatory markers, and longer hospital stays in patients with
COVID-19 compared with those having normal serum testosterone levels.
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Introduction

The novel coronavirus disease 2019 has rapidly spread
globally, causing great impacts on human health and the
social economy. The severe acute respiratory syndrome
coronavirus 2 (SASR-CoV-2) continues to mutate, result-
ing in a continued increase in the number of patients
with COVID-19 worldwide. As of September 13, 2022,
more than 60 million confirmed cases of COVID-19 have
been reported to WHO, including more than 6 million
deaths [1].

A study has identified more number of male patients
with COVID-19 than female patients, which could be
due to differences in sex hormone [2]. Androgens can up-
regulate the activity of transmembrane serine protease 2
(TMPRSS?2), which is required for the initiation of infec-
tion by SARS-CoV-2 [3] by promoting the interaction
between the receptor-binding domain of the S1 subunit
on SASR-CoV-2 spike glycoprotein and the angiotensin-
converting enzyme 2 (ACE2) ectodomain and causing
SARS-CoV-2 entry into human cells [4].

However, some studies have found that reduced serum
testosterone levels are associated with a poor COVID-
19 prognosis [5]. Chen et al. used publicly available
gene expression datasets to show that ACE2 expression
is reduced in hypoandrogen conditions [6]. This indi-
cates that low serum testosterone levels are positively
correlated with ACE2 levels. In addition, studies have
shown that low ACE2 levels can aggravate lung damage
in patients. In a mouse model of acid aspiration and sep-
sis-induced acute respiratory distress syndrome (ARDS),
ACE2-deficient mice were found to have worsened oxy-
genation, massive pulmonary edema, increased infiltra-
tion of inflammatory factors, and hyaline membrane
formation [7]. Consequently, an acute lung injury can
also lead to decreased ACE2 expression and increased
angiotensin II production [7, 8]. Testosterone, the major
androgen, is involved not only in the reproductive sys-
tem, but also in the motor system, endocrine system,
blood system, and neuropsychiatric system [9]. Many
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studies have investigated the relationship between low
serum testosterone levels and adverse prognostic out-
comes, such as lung function impairment, increased
length of hospital stay, intensive care unit (ICU) admis-
sion, mortality, and others in patients with COVID-19;
however, the conclusions are contradictory. Most studies
have shown that low serum testosterone levels are asso-
ciated with higher ICU admission rates in patients with
COVID-19, [10-16] whereas Karkin et al. found that
patients admitted to the ICU had higher serum testos-
terone levels than those not admitted to the ICU [17].
Apaydin et al. also demonstrated that low serum testos-
terone levels were not associated with a poor prognosis
of patients with COVID-19 [18].

Hence, to explore the relationship between serum tes-
tosterone levels and prognostic outcomes, such as lung
function impairment, length of stay, ICU admission, and
mortality in patients with COVID-19, we conducted a
systematic review of the current evidence.

Materials and methods

Literature search strategy

The systematic review was conducted following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [19], and the pro-
tocol has been registered on the PROSPERO platform.
We searched PubMed, MEDLINE, EMBASE, and Web
of Science electronic databases from January 1, 2020, to
September 12, 2022. In addition, we manually searched
the reference list of the relevant articles. The search terms
were COVID-19, SASR-CoV-2, androgens, and testoster-
one (Table 1). During the search we did not consider lan-
guage restrictions.

Eligibility criteria

This systematic review included all reported differ-
ences in serum testosterone levels between patients with
COVID-19 and no COVID-19 in context to prognostic
outcomes. The relationship between differences in serum

Database Search term Number
PubMed #1: COVID-19 OR SASR-CoV-2 #1:328411
(All fields) #2: androgens OR testosterone #2:18,923
#3:#1 AND #2 #3:453
Embase #1: COVID-19 OR SASR-CoV-2 #1:306,520
(All fields) #2: androgens OR testosterone #2:35,186
#3:4#1 AND #2 #3:713
Medline #1: COVID-19 OR SASR-CoV-2 #1:201,191
(All fields) #2: androgens OR testosterone #2:12,234
#3: 41 AND #2 #3:658
Web of Science #1: COVID-19 OR SASR-CoV-2 #1:360,122
(Topic) #2: androgens OR testosterone #2: 23,421
#3:#1 AND #2 #3:457
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testosterone levels and prognostic outcomes in patients
with different severity of COVID-19 disease was also
included. Studies were included if they reported any of
the following measurements: ICU admission, hospital
mortality, impairment of lung function, hospitalization
time, and inflammation-related indicators. If the litera-
ture included data on testosterone levels in both men and
women, we extracted data related to male testosterone
and its prognosis only. In addition, we considered that all
selected studies should have a control group.

Conference abstracts, editorials, reviews, case reports,
duplicate publications, animal studies, no control arm,
and intervention studies were excluded.

Study selection and data extraction

Two authors independently searched the electronic data-
base, screened the title and abstract of the retrieved lit-
erature according to the inclusion and exclusion criteria,
and then conducted a full-text analysis of the eligible lit-
erature. Two researchers independently analyzed the full
text and made decisions on inclusion. In case of disagree-
ment, a discussion was conducted with the third author
to solve the problem.

In cases of missing or incorrect data in the literature,
we contacted the authors of the literature. Two research-
ers independently performed data extraction. Data were
extracted for the first author, year, country, study design,
sample size, age, population, characteristics of groups,
blood test index, and outcomes. Other authors reviewed
the final data extraction tables.

Evaluation of the quality of research

We use Newcastle-Ottawa Score (NOS) to evaluate the
quality of the included cohort studies in terms of selec-
tion, comparability, and outcome, and case-control stud-
ies in terms of selection, comparability, and exposure
[20]. The differences between the two authors were dis-
cussed and resolved with the third author. NOS considers
a score of six or above moderate to high in research qual-
ity and credibility.

Results

Literature search

A total of 2281 articles were retrieved from the four
major databases, and four were retrieved manually,
resulting in a total of 2285 articles. Of these, 895 dupli-
cate articles were excluded. After evaluating the titles
and abstracts of the remaining articles, 18 articles were
found to be in line with the research purpose of the pres-
ent study. After evaluating full-text of these 18 articles,
two were excluded due to lack of the serum testosterone
level data or control arm; hence, 16 articles were finally
retained [10-18, 21-27]. Figure 1 shows the literature
selection process.
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Patient characteristics

Table 2 presents the basic information of the selected
articles. All the protocols were observational and
included studies from seven countries, including Italy,
Turkey, Spain, the Netherlands, Germany, China, and
Australia. In total, studies involved 162,677 patients
(mostly men between the age of 18 and 91 years). The
studies were divided into groups based on serum tes-
tosterone levels, presence or absence of COVID-19, dis-
ease severity, and disease outcome. The blood test index
included sex hormones and markers of inflammation.
Outcomes included pulmonary complications associated
with poor prognosis, ICU admission, length of hospital
stay, and death.

Quality assessment

Except for one cohort study [16], for which the total qual-
ity assessment score was four, all the other cohort studies
had a score of six or above. Hence, the overall quality of
the cohort study was acceptable. Further, the total score
of quality assessment of observational studies was seven
or above, indicating that the overall quality was medium
to high (Table 3).

Outcomes

ICU admission

Nine studies [10-18] evaluated the relationship between
serum total testosterone (TT) levels and ICU admis-
sion rates, and eight of them found statistical signifi-
cance. Cayan et al. found that the mean serum TT level
was significantly lower in the ICU admission group than
that in the non-ICU admission group (239.94+187.88 vs.
326.73+£152.18, p=0.001). The probability of ICU admis-
sion rate during hospitalization increased significantly
with decreasing baseline serum TT levels (linear equation
p=0.001, logarithmic equation p=0.000) [10]. Infante et
al. found that compared with the survival group, the non-
survival group had a lower serum TT level but a higher
probability of ICU admission (79.4% vs. 35%, p<0.0001)
[11]. However, Karkin et al. suggested that serum TT lev-
els were significantly higher in the intensive care need
group than that of the non-intensive care need group
(291 ng/dL [112-531] vs. 390 ng/dL [180-680], p<0.05)
[17]. In a univariate analysis by Salonia et al., serum TT
levels were inversely associated with ICU admission
(odds ratio [OR]: 0.54, 95% confidence interval [CI]:
0.43-0.67, p<0.0001), whereas in multivariate analysis,
serum TT levels were associated with the requirement of
ICU admission (OR: 0.53, 95% CI: 0.39-0.74, p<0.0001)
[12]. Schroeder et al. discovered that critically ill male
patients with COVID-19 admitted to the ICU had the
lowest serum TT levels compared with critically ill male
patients with no COVID-19 (p<0.0001) [13]. However,
Apaydin et al. found no significant difference in ICU
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Fig. 1 PRISMA flow diagram

admission rates between the low and normal serum TT
level groups (20.6% vs. 4.3%, p=0.071) [18]. Cinislioglu et
al. found that serum TT levels were statistically signifi-
cant in univariate and multivariate binary logistic regres-
sion analyses (OR: 0.985, 95% CI: 0.985-0.993) to assess
the need for ICU admission [14]. Using OR estimation
and logistic regression analysis to assess the risk of ICU
admission in patients with a mild-moderate prognosis,
Toscano-Guerra et al. discovered that serum TT levels
are significant (OR: 0.17, 95% CI 0.09-0.31) [15]. Zheng
et al. showed that serum TT levels in the non-ICU admis-
sion group were statistically significant compared with
those in the ICU admission group (6.7 nmol/L [4.2-8.7]
vs. 3.7 nmol/L [1.5-4.7], p=0. 012) [16]. Taken together,
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most studies suggest that patients with low serum TT
levels are at higher risk of being admitted to the ICU.

Hospital mortality

A total of 10 [10-12, 15, 18, 22, 24-27] studies reported
an association between serum TT levels and mortal-
ity. Cayan et al. found that the probability of mortality
increased significantly with a decrease in baseline serum
TT levels (linear equation p=0.002, logarithmic equa-
tion p=0.000). In univariate analysis, reduced serum
TT level (OR: 1.008) was a highly significant predic-
tor of death in patients with COVID-19 [10]. However,
Camici et al. discovered no association between serum
TT levels and risk of death (per 1 ng/mL TT, hazard ratio
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[HR]: 0.49, 95% CI 0.19-1.28, p=0.147) [22]. Infante
et al. showed significantly lower serum TT levels in the
non-survivor group compared with the survivor group
(<100 ng/ dL) (71.8% vs. 35%, p<0.0001) [11]. Salonia et
al. used univariate analysis to show that serum TT lev-
els were negatively associated with mortality outcomes
(OR: 0.68, 95% CI: 0.53—0.86, p<0.002). Furthermore, in
multivariate analysis, serum TT levels were associated
with mortality outcomes (OR: 0.67, 95% CI: 0.46—0.99,
p<0.05) [12]. van Zeggeren et al. found that serum TT
levels were lower in dead patients compared with those
who survived (0.8 [interquartile range, ITR 0.4-1.9), 3.2
(IQR 2.1-7.5), p<0.001] [24]. Although dead patients in
the Apaydin et al. study had very low free testosterone
(FT) levels (3.13 ug/L, 5.37 ug/L, and 6.21 pg/L, respec-
tively), no between-group comparisons were performed
because there were only three patient [18]. In the study
by Marinelli et al.,, serum TT and calculated FT levels
were lower in dead patients [TT 1.55 ng/mL (0.77-2.29)
vs. 1.98 ng/mL (1.30-2.72)]; calculated FT [0.0222 ng/
mL (0.0134-0.0703) vs. 0.0441 ng/mL (0.0256-0.0742)]
but the difference was not statistically significant [25].
The receiver operating characteristic (ROC) curve and
area under the ROC curve (AUC) values calculated by
Toscano-Guerra et al., based on the slope of the trajec-
tory of the serum TT level curve, showed that all survi-
vors were compared with those who died (AUC=0.9281,
95% CI 0.8801-0.9761, p<0.0001), and severe survivors
vs. dead patients (AUC=0.9205, 95% CI 0.8664—0.9747,
p<0.0001), indicating that the serum testosterone trajec-
tory is a very accurate predictor of COVID-19 survival
[15]. Vena et al. showed that in a univariate regression
model, in-hospital mortality was associated with serum
TT levels (OR: 0.75, 95% CI: 0.64—0.87, p<0.001). Fur-
ther, in multivariate regression analysis, low serum TT
levels remained significantly associated with in-hospital
mortality (OR: 0.68, 95% CI 0.52-0.88, p=0.004) [26].
Yeap et al. showed an association between serum TT
levels and the risk of death from COVID-19 in a fully
adjusted model, including exposure variables, age, region,
and region/time interaction, a full set of sociodemo-
graphic characteristics, lifestyle, medical variables, and
time of blood collection (overall trend, p=0.008) [27]. In
summary, most findings suggest that serum TT levels are
negatively associated with hospital mortality in patients
with COVID-19.

Impairment of lung function

The association between serum TT levels and lung injury
in patients with COVID-19 was statistically significant
in six studies [16, 21-23, 25, 26]. After adjusting for age-
adjusted Charlson Comorbidity Index, history of hyper-
tension, dyslipidemia, and smoking status, Salciccia et al.
found that a higher serum TT level was independently

Page 6 of 10

associated with a lower odd of invasive oxygenation
(OR: 0.43, 95% CI: 0.23-0.85, p=0.016) [21]. Camici et
al. showed lower serum TT, calculated FT, and bioavail-
able testosterone (BioT) levels in severe pneumonia cases
compared with mild COVID-19 (1.4 ng/mL [IQR 0.7-
2.8] vs. 3.5 ng/mL [IQR 2.2-4.2], p=0.005] [22]. In the
Salciccia et al. study, patients requiring invasive oxygen
support on admission were associated with lower median
serum TT levels (2.64 ng/mL [IQR 1.56-2.99] vs. 5.4 ng/
mL [IQR 4.47-5.56], p=0.011] [23]. After adjusting for
age and oxygenation index (PaO,/FiO,) [16], Marinelli et
al. showed that serum TT and calculated FT levels were
negatively correlated with continuous positive airway
pressure use in multivariate logistic regression analysis
(OR: 0.109, 95% CI: 0.0129-0.916, p<0.001) [25]. Vena
et al. found that the group with normal serum TT lev-
els (T>12 nmol/L) in comparison with the lower serum
TT levels group (T <8 nmol/L) had significantly higher
PaO,/FiO, ratio (278.1 [97.0-592.0] vs. 328.0 [247.0-
452.0], p=0.001] [26]. Zheng et al. used Spearman cor-
relation analysis to evaluate the relationship between
serum TT level and pneumonia severity index (PSI) and
showed that the serum TT level was negatively corre-
lated with PSI in both the first and second week after the
onset of COVID-19 (r = -0.372, p=0.043 and r = -0.502,
p<0.001, respectively) [16]. All relevant studies indicated
that patients with low serum TT levels had a more severe
impairment of the lung function.

Hospitalization time

Only five studies [11, 14, 18, 22, 25] demonstrated the
relationship between serum TT level and length of hos-
pital stay, and the differences were statistically significant.
Camici et al. showed that TT, calculated FT, and BioT
values were negatively correlated with length of hospital
stay (p=0.052, p=0.041, and p=0.023, respectively) [22].
Infante et al. found that although the non-survivor group
had a significantly higher proportion of patients with
severely low serum TT levels compared with survivors
(71.8% vs. 35%, p<0.0001), the mean length of hospital
stay was significantly longer in the survivor group than
that in the non-survivor group (34+19 days vs. 14+7
days, p<0.0001) [11]. Correlation analysis by Apaydin et
al. showed that FT level was negatively correlated with
length of hospital stay (p=0.334, p=0.002) [18]. Cin-
islioglu et al. also showed a significant negative correla-
tion between serum TT level and length of hospital stay
(r=—0.316, p<0.001) [14]. Marinelli et al. showed that in
the surviving subgroup, a longer hospital stay was sig-
nificantly associated with lower serum TT levels and cal-
culated FT levels (p=0.51, p<0.01 and p=0.55, p<0.01)
[25]. Hence, four studies showed a negative correlation
between serum TT levels and hospitalization time.
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Inflammation-related indicators

The association between serum TT levels and inflamma-
tory markers was described in seven studies [11, 14-16,
18, 21, 22]. Salciccia et al. showed that serum TT level
was significantly negatively correlated with C-reac-
tive protein (CRP), pH, IL-6, and D-dimer (p = -0.601,
p=0.001; p = -0.446, p=0.037; p = -0.670, p=0.001; p =
-0.434, p=0.049, respectively). Notably, a significant posi-
tive association was established between serum TT levels
and monocytes (p=0.482, p=0.017), whereas no further
significant associations were observed for other leuko-
cyte lines [21]. In the study by Camici et al., patients with
the hyperinflammatory syndrome had significantly lower
median serum TT levels than patients with lower inflam-
matory response (1.7 ng/mL [IQR 0.80-2.60] vs. 3.6 ng/
mL [IQR 1.70-4.30], p=0.018], and lower serum TT
level was significantly associated with lower lymphocyte
and higher neutrophil counts (p=0.31, p=0.038; p=0.43,
p=0.003, respectively) [22]. Infante et al. showed a sig-
nificant negative correlation between serum TT level and
CRP, IL-6, and D-dimer (p = -0.350, p=0.006; p=—0.266,
p=0.04; p=-0.327, p=0.01, respectively), and negatively
correlated with WBC count (p = -0.255, p=0.05) [11]. In
the study of Apaydin et al., FT level was positively corre-
lated with lymphocyte count and lymphocyte percentage
(p=0.260, p=0.018; p=0.346, p=0.001, respectively) [18].
Cinislioglu et al. also showed that serum TT level was
significantly negatively correlated with serum D-dimer,
lactate dehydrogenase, and CRP (r=-0.278, p<0.001;
r=-0.510, p<0.001; r=-0.527, p<0.001, respectively)
and significantly positively correlated with lymphocyte
level (r=0.515, p<0.001) [14]. Toscano-guerra et al. also
showed a significant correlation between serum TT level
and lymphocyte count (absolute count, r=0.3122; WBC
score, r=0.4187), and neutrophil count was also nega-
tively correlated (r =-0.3586) [15]. At 2 weeks after onset,
Zheng et al. found that serum testosterone level was
positively correlated with lymphocyte count (r=0.522,
p<0.05) and negatively correlated with the neutrophil
count, LDH, CRP, and D-dimer (r = -0.358, -0.519, -0.403,
-0.533, p<0.05) [16]. In these studies, serum TT levels
were negatively correlated with several classical inflam-
matory markers, while positively correlated with mono-
cyte and lymphocyte counts.

Discussion

This systematic review of 16 observational studies
assessed the association between serum testosterone lev-
els and outcomes in patients with COVID-19. This study
showed that low serum testosterone levels were associ-
ated with higher rates of ICU admission, hospital mor-
tality, risk of lung failure, inflammatory markers, and
longer hospital stays in patients with COVID-19 in com-
parison to those with normal serum testosterone levels.
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These adverse outcomes may have long-term effects on
patients with COVID-19. For example, ICU admission
and prolonged hospital stay may increase the risk of the
incidence of iatrogenic infections [28].

Our results have important implications for clinical
work. Serum testosterone level may be used to predict
the prognosis of patients with COVID-19 but existence
of a causal relationship between serum testosterone and
COVID-19 is yet to be determined.

Androgens are an important factor in the regulation
of penile erection. However, we note conflicting points
in the study by Karkin et al. where patients with severe
COVID-19 had higher testosterone levels and lower
erectile function scores compared with patients without
severe COVID-19 [17]. In addition, in terms of length
of hospital stay, Infante et al. found that although serum
testosterone levels were higher in the survival group than
that in the non-survival group, the mean length of hos-
pital stay in the survival group was significantly longer
than that in the non-survival group [11]. In contrast to
other findings, on average, people who have died from
severe COVID-19 are expected to have shorter hospi-
tal stays than those who survived. Hence, the associa-
tion between lower serum testosterone levels and longer
hospital stays occurred primarily in survivors. Included
studies had inconsistent definitions of serum testosterone
levels and used different units of measurement, which
may also have contributed to the large heterogeneity
among them. Moreover, inflammation is a more impor-
tant indicator than personal characteristics and comor-
bidities in the admission population [29]. Independent
associations were identified between inflammatory bio-
markers and the need for respiratory support or mortal-
ity outcomes in patients with COVID-19 [30]. Our study
also found an inverse relationship between serum TT
levels and inflammatory biomarkers, such as CRP, IL-6,
and D-dimer. Lymphocytes play a decisive role in main-
taining systemic immune homeostasis and inflammation,
and lymphopenia is a predictor of prognosis in patients
with COVID-19 [31]. Our results showed a positive cor-
relation between serum TT level and lymphocyte count,
suggesting that low serum TT level may be a prognostic
factor for COVID-19.

Androgens can regulate the enzyme activity of
TMPRSS2, which promotes SASR-CoV-2 interaction
with ACE2 in human cells [3]. However, ACE2 expres-
sion is reduced in the presence of hypoandrogen [6]. A
study has demonstrated that low levels of ACE2 and high
levels of angiotensin II may lead to pneumonia, result-
ing in increased pulmonary vascular permeability [32].
This may explain why low serum testosterone levels are
associated with poor prognosis in COVID-19. In addi-
tion, Welen et al. found that anti-androgens do not ben-
efit patients with COVID-19 and should not be used in
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hospitalized patients with COVID-19 or as a preventive
measure for COVID-19 [33]. Although this study did not
measure the subjects’ serum testosterone levels before
anti-androgens therapy, it still suggests that low andro-
gen levels are not a favorable factor for COVID-19. It
should be noted that the studies included in this system-
atic review were observational and could only show that
low serum testosterone levels were associated with poor
prognosis in patients with COVID-19.

Our study has several limitations. First, it is not clear
whether testosterone levels of analyzed patients were
normal before they contracted COVID-19. Hence, a
causal relationship between low testosterone and poor
prognosis in men is yet to be explored. Second, the het-
erogeneity between the included cohorts and case-con-
trol studies was largely due to different types of studies
and differences in population characteristics, which pre-
vented us from conducting a summary analysis of the
primary outcome data. In addition, these studies also dif-
fer in the judgment criteria of patient severity, the inclu-
sion criteria of subjects, and the control protocol. In fact,
most of the individual studies included in the systematic
review did not measure SHBG (sex hormone binding
globulin), which is a testosterone binding protein, but
only provides TT levels. Therefore, high-level studies are
needed to confirm whether intervention patients with
serum testosterone levels can improve the outcome of
patients with COVID-19.

Conclusion

In conclusion, our findings suggest that low serum tes-
tosterone levels may be associated with higher ICU
admission, mortality, risk of lung failure, inflamma-
tory markers, and longer hospital stay in patients with
COVID-19, and hence these admitted patients should
receive more attention upon admission. Furthermore, the
serum TT level in patients with COVID-19 can act as an
indicator to predict the outcome and may even become
an adjuvant therapy strategy to improve the outcome.
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