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Introduction
Most people infected by the severe acute respiratory syndrome 

coronavirus 2 infection (SARS-CoV-2) present oligosymptomatic 
forms of disease (COVID-19).1 However, since the start of the 
coronavirus-19 pandemic, a few risk factors have indicated select 
groups with higher probability of developing more severe presentation. 
Obesity, diabetes mellitus and cardiovascular disease emerged as the 
first recognizable risk factors and predictors of mortality;2-3 afterwards, 
it became noticeable that male patients infected with the new SARS-
CoV-2 had higher odds of presenting moderate to critical forms of 
disease.4 Understanding the mechanisms underlying such dimorphism 
could help create protocols of clinical support and selection of higher 
risk patients that could benefit from social isolation policies, as well as 
reveal new targets of possible pharmacological interventions.

Objectives
In this review, we will depict the pathophysiological associations 

between the severity of COVID-19 and known endocrinological 
situations associated with worst prognosis.

Material and methods 
We performed a perspective review using the key words 

“COVID-19” or “SARS-CoV-2”, crossing them with the keywords 
“Obesity”, “Diabetes Mellitus”, “Vitamin D”, “Estradiol”, 
“Testosterone”, “Male” and “Female” on the Medline, LiLACS and 
Embase databases from November first, 2019, to July 31st, 2020. 
Grey literature was also analyzed through the OpenGrey, MedRvx 

and SSRN databases. Results and implications were depicted in a 
narrative form. We did not place any language restrictions.

Results
Obesity

Evidence emerges that obesity-related conditions appear to 
worsen the effects of the virus. Chinese cohort studies of patients with 
COVID-19 have identified several risk factors for severe COVID-19, 
including age, cardiomyopathy and obesity-related complications, 
such as type 2 diabetes and hypertension.5 New York City data 
suggest that obesity, defined by a BMI of at least 30kg/m2, may be 
a risk factor for intensive care unit (ICU) admission among patients 
with COVID-19, increasing the risk up to 2-fold, especially among 
those under 60 years of age.3 Moreover, data from the University 
Hospital of Lyon, of 340 patients admitted to ICU with COVID-19 
revealed that 85(25%) with severe COVID-19 had obesity, compared 
to 15.3% in the general French adult population. After multivariate 
logistic regression adjusted for age and sex, the prevalence of obesity 
remained higher in patients with critical COVID-19 than in those with 
non-critical COVID-19 (OR 1.96 [95% CI 1.13–3.42]; p=0.018).6 
Likewise,in Lyon, obesity prevalence in critical COVID-19 patients 
in the Lille University Hospital population was 2.88 times (95% 
CI 2.19–3.66) higher than in the general French population after 
standardization in age and sex (p <0.0001).6 Underlying mechanisms 
remain unclear, but main hypothesis rely on restriction of pulmonary 
ventilation, inflammatory activity that amplifies cytokine storm, and 
endothelial dysfunction associated with a pro-thrombotic state that 
may cause microvascular thrombosis. 
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Abstract

Introduction: The coronavirus-19 pandemic has reached historic dissemination, with 
a huge impact on physical, social and psychological well-being; understanding the 
pathophysiology of the disease is extremely important, as it can lead to effective therapy 
formulations.

Objective: In this review, we will explore the current evidence surrounding the interactions 
of endocrine conditions and possible treatment targets. 

Methods: we reviewed the Medline, EMBASE and LiLACS databases using the keywords 
“COVID-19” or “SARS-CoV-2”, crossing them with the keywords “Obesity”, “Diabetes 
Mellitus”, “Vitamin D”, “ Estradiol ”,“ Testosterone ”,“ Male ”and“ Female ”; we will 
describe the results found in a narrative way. 

Results: The association of diabetes mellitus, obesity and worse prognosis of people 
infected with the SARS-CoV-2 virus, as well as the gender dimorphism of severity and the 
role of vitamin D deficiency will all be described.

Conclusion: There is a riddle involving SARS-CoV-2 infection, intrinsic risk factors of the 
host, as well as the immune response to the infection, which is still in the solution phase; a 
better understanding of such mechanisms can lead to the development of highly effective 
treatment, as well as policies of social isolation.
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Pulmonary restriction 

A recent systematic review demonstrate that obese individuals 
presented with a reduction in lung volume and capacity as compared 
to healthy individuals. Reduction of total lung capacity and reduction 
of forced vital capacity, accompanied by reduction of the forced 
expiratory volume after one second was also observed.7 This restriction 
itself could partially explain the level of difficulty to provide adequate 
ventilation, and the increased need for ventilatory support, invasive 
or not. This is most probably due to fat tissue surrounding the upper 
airways, as well as the chest walls, hampering ventilatory muscles 
work. 

Inflammatory activity and thrombosis

Coronavirus infections can trigger venous thromboembolism 
due to endothelial dysfunction, systemic inflammation and a 
procoagulatory state.8 In the autopsy of 12 patients who died of 
COVID-19, 58% of the cases had deep venous thrombosis and one 
third of the patients had pulmonary embolism as the direct cause of 
death.9 It is reported in the literature that patients with COVID-19 
have thrombocytopenia and elevated D-dimer and that this finding is 
even more frequent in patients with the severe form of the disease.8 
These data suggest, then, a greater risk of disseminated intravascular 
coagulation (DIVC).10 These laboratory changes may be explained 
by the inflammatory response caused by viral infections that promote 
excessive activation of the coagulation cascade and platelets. In 
this scenario, platelets interact with pathogen pattern recognition 
receptors or immunoglobulin Fc receptors and complement receptors 
promoting activation and interactions between cells that act in 
procoagulation.10 Pre-existing comorbidities can impair the immune 
response or amplify the pro-inflammatory response in patients 
infected with Coronavirus disease 2019 (COVID-19). Individuals 
with obesity have low-grade chronic systemic inflammation11 with 
higher activity of nuclear transcription factor kappa B and a higher 
ribonucleic acid expression of proinflammatory cytokines. As the 
innate immune response in these patients is altered, the first line of 
defense is characterized by a greater inflammatory response and an 
abnormal T cell response,12 exhibiting a preference for the cytotoxic 
T cell response, as well as shift towards a M1 macrophage response, 
amplifying viral proinflammatory response. In fact, obese individuals 
show an increase in interleukin-6 and a positive correlation between 
C-reactive protein (CRP) (p=0.014) and waist-hip ratio (WHR) (p = 
0.031).11,13

Diabetes mellitus impact on severity and 
fatality

As one of the most important public health problems in the 21st 
century, diabetes mellitus (DM) affects more than 400 million adults 
around the world.14 Evidences indicate that diabetic patients with acute 
viral respiratory infections usually present serious complications, 
such as pneumonia, acute respiratory distress syndrome, organ failure, 
and even death.15 In fact, the effects of DM on the severity and fatality 
of Covid-19 infection have gained focus on patient risk stratification.

A Meta-analysis of the association between DM and COVID-19 
severity based on twelve previously published studies,with a combined 
total number of patients of 2455, where 232 were diabetic and 2223 
were not, presented respectively 94 and 471 of severe COVID-19. 

Pooled results show an over 2 times higher risk of severe cases in 
diabetic patients (pooled OR=2.58, 95 % CI: 1.93-3.45). Furthermore, 
subgroup analysis results revealed a pooled OR of 3.04 (95% CI: 
2.03-4.56) for patients aged <50 years and 2.58 (95% CI: 1.93-3.26) 
for patients aged ≥50years, respectively.2

The same authors evaluated the association between diabetes 
mellitus and COVID-19 fatality based on six published clinical 
studies. The total number of patients included in this analysis was 
2116, in which 62 and 89 deaths from COVID-19, respectively, 
derived from diabetic (322 cases) and non-diabetic patients (1794 
cases), granting higher risk of fatality with a pooled OR = 2.95 (95 
% CI: 1.93-4.53).2 Another meta-analysis that included 6452 patients 
from 30 studies showed that DM was associated with a poor outcome 
compound (including mortality, severe COVID-19, acute respiratory 
distress syndrome [ARDS], need for ICU care),with a relative risk of 
2.38 (1.88 - 3.03, p < 0.001). The mortality RR was of 2.12 (1.44 - 
3.11, p < 0.001), and of severe COVID-19 was 2.45 (1.79 - 3.35, p < 
0.001).16

Gathered data demonstrate the increased vulnerability of DM 
patients regarding severity and fatality by Covid-19. Diabetics 
presentpoor adaptive immunity, delayed T-Helper-1 type 
hypersensitive reactions and reduced lymphocyte proliferation.17 
Defects of the innate response in diabetes results in dysfunction of 
granulocytes, dendritic cells, natural killer (NK), macrophages, 
cells, B cells, T cells and cytokine signaling.18 Interleukin-6 (IL-6), 
fibrinogen and C-reactive protein were reportedto be significantly 
higher in the patients with diabetes and COVID-19 infection.19 

Mechanisms thought to be responsible for the inflammatory state 
in DM, as well as obesity, include activation of the nuclear factor-B 
(NF-B) and JUN N-terminal kinase (JNK) pathways, activation of 
interleukin-1 (IL-1), IL-6, TNF and recruitment and activation of 
immune cells.20 Such hyperactive pro-inflammatory response could 
enhance cytokine storm deflagrated by SARS-CoV-2 infection, as two 
inflammatory diseases feedback each other.21 Recently, evidence rises 
that metformin could attenuate this hyper-inflammatory condition, as 
it decreases TNFα and IL-6, increases IL-10 level, as well as increases 
activation of AMP-activated protein kinase (AMPK), which has 
important effects downstream in Covid-19.22 Its use has been reported 
to be significantly associated with decreased mortality in women in 
logistic regression OR 0.792 (0.640 - 0.979).23,24

Glycemic control and CoViD-19 outcomes 

Once we have stablished DM impact on COVID-19 prognosis, it is 
important to understand the impact of glycemic control on the mortality 
of diabetic patients. A retrospective multicenter study, conducted 
in the Hubei province, China, compared severity and mortality in 
patients with COVID-19 with pre-existing DM and without DM, in 
7336 patients with COVID-19, being 810 diabetic. The mortality rate 
was significantly higher in patients with pre-existing DM compared to 
non-diabetic individuals (7.8% versus 2.7%, p <0.001; adjusted risk 
ratio of 1.49).25 Furthermore, after a 28-day follow-up, 528patients 
with pre-existing DM2 were stratified as poorly controlled diabetes 
(blood glucose [BG]>180mg/dl, median BG=216 mg/dL and median 
HbA1C = 8.1%), and 282 patients as having well-controlled diabetes 
(BG 70-180mg/dl, median BG=116mg/dL and median HbA1C=7.3%). 
Although both groups had similar baseline age, body mass index and 
chest computed tomography scan at admission, a lower incidence 
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of lymphopenia, lower rates of increased leukocyte and neutrophil 
counts and an increase in serum CRP and procalcitonin were observed 
in the group with Controlled BG.There was also a significantly lower 
frequency of pharmacological therapy in the well-controlled BG 
group compared to the poorly controlled group.25 

In this cohort, hospital mortality rate and all-cause mortality 
were significantly lower in the well-controlled group compared to 
the poorly controlled group; after propensity analysis adjustment for 
multiple confounding factors, the well-controlled BG group was still 
considered a lower risk for all causes of mortality (adjusted hazard 
ratio, 0.14; 95% CI, 0.03–0.60; p = 0.008).25 Moreover, a retrospective 
multicenter study conducted in 88 American hospitals compared a 
pooled group of 451 patients with diabetes (HbA1C ≥6.5% and / or 
≥2BG measurements over 180 mg), in which 257 had uncontrolled 
glycaemia (BG >180mg/dL). Hospitalization days (603 [SD 42.9] 
X 804 [SD 57.1]), and mortality (13 [14.8%] X 40 [41.7%]) were 
significantly higher amongst uncontrolled glycaemia group.26 
Underlying mechanism remains unclear, but many theories have 
emerged. Non-enzymatic glycation of the angiotensin-converting 
enzyme 2 (ACE2) is exacerbated, facilitating viral infection; 
inflammatory, as well as pro-thrombotic response, are hyper-activated, 
amplifying viral tissue damage. In addition, endothelial damage, 
and oxygen-reactive species might play a role in this interaction of 
hyperglycemia and SARS-CoV-2 infection.27

Dipeptidyl peptidase 4 action on viral cell 
infection

The dipeptidyl peptidase 4 (DPP4) is an enzyme responsible 
for the inactivation of the incretin hormones released by the gut 
endocrine cells. It has been demonstrated that its activity is enhanced 
in conditions such as obesity, type 2 diabetes mellitus, and aging,28 
and the use of antidiabetic drugs that inhibit this enzyme has been 
shown to decrease levels of IL-6, TNF-alpha.29 Moreover, in the 
Middle-east Respiratory Syndrome (MERS) pandemic, also caused 
by a coronavirus, the DPP4 was shown to facilitate interaction of the 
virus spike protein with the angiotensin converting enzyme (ACE) 2, 
permitting cell infection. Thus, interaction of current SARS-CoV-2 
with DPP4 has been postulated, as, naturally, ACE2 is little expressed 
in the airway tissue.30

A recent case-control study evaluated if previous use of DPP4 
inhibitors by diabetic patients had an impact on CoViD-19 infection, 
but failed to find this association, as use of this class of drugs was 
similar between diabetic patients with SARS-CoV-2 infection and with 
other pneumonia etiologies.31 However, there are registries of clinical 
trials to evaluate the use of such drugs in this context. To summarize, 
possible mechanisms that could explain interaction between obesity, 
diabetes mellitus and CoViD-19 severity are characterized in Figure 
1. 

Figure 1 Plausible associations between metabolic diseases (obesity and type 2 diabetes mellitus) and SARS-CoV-2 infection, through feedback interaction and 
amplifying responses, determining severe cases. 
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ACE2 x COVID
SARS-CoV-2 uses the ACE2 to infect cells;32 as it reduces the 

expression of ACE2, activation of the renin-angiotensin system 
(RAS) through ACE is amplified. Thus, the coexistence of COVID-19 
and obesity, as well as T2DM (both conditions with RAS hyper-
activation)can promote deleterious effects in different tissues, through 
the Angiotensin-1 receptor (AT1R) activation.33 ACE2, the binding 
site of SARS-CoV-2, is a critical component of the RAS counter-
regulatory pathway, which is one of the most important regulators of 
inflammation, blood pressure and fibrosis, and is determining in the 
pathophysiology of hypertension, cardiovascular disease, and chronic 
kidney disease.34 ACE2 converts Angiotensin II into Ang1–7, which 
acts in the Mas receptor to lower blood pressure and reduce fibrosis and 
inflammation.35 Ang1-7 promotes vasodilation, reduces sympathetic 
tone, and increases nitric oxide production, being associated with a 
protective role in vascular diseases.36 Endocytosis of the SARS-CoV-
2-ACE2 complex, as well as virus-induced shedding of the ACE2 cell 
surface and ACE2 down regulation, all may contribute to decreased 
ACE2 expression and activity in infected cells.32 It may be a causal 
factor of the disease itself, due to an exaggerated activation of the 

ACE/AngII/AT1R arm, leading to pulmonary injury, hematological 
alterations and hyper inflammatory state37 and a deleterious activation 
of the innate and adaptive immune response.38 The down-regulation 
of ACE2 and consequent increased of Ang II, once this molecule 
is not converted into Ang1-7 results in increased pro-inflammatory 
cytokines, including IL-1, IL-6 and TNF-α, intensified by the activation 
of innate and adaptive immune response.39 Due to ACE/Ang II/AT1R 
axis activation and ACE2/Ang1-7/MasR axis down-regulation (that 
are already unbalanced in diabetic patients), the mortality and severity 
rates of COVID-19 may be higher.2 Implications of the ACE/ACE2 
pathway on disease physiopathology is depicted on Figure 2. Initially, 
there was concern regarding the use of anti-hypertensive drugs that 
act in the RAS, as ACE inhibitors, as well as angiotensin receptor 
blockers, cause increase expression of ACE2,40 and so such drugs 
could facilitate viral infection. Recent data, however, shows that the 
use of drugs that act in the RAS, first choice as anti-hypertension 
therapy in diabetic patients, was not associated with worst prognosis.41 

In fact, some cohorts demonstrated that its use was even associated 
with better survival, though data is controversial, and article has been 
retracted.42

Figure 2 Plausible interactions between sexual steroids and viral invasion and immune response. Orange arrow indicates testosterone action; green arrows 
indicate estrogen action. 

Covid-19 and vitamin d deficiency
Vitamin D deficiency is a global unrecognized epidemic, afflicting 

both children and adults; although data is scarce, it is speculated that 
about one billion people around the world have low vitamin D levels, 
with some regional variations, especially due to solar exposure and 
skin tone from particular countries population.43 After emergence of 
COVID-19 in China and posterior proliferation all over the world, 
studies tried to associate the low levels of vitamin D seen in north 
European countries as a factor determining severity of the disease. 
A review showed the relation between latitude and mortality per 

million.44 This review plotted the mortality per million against latitude 
and it can be seen that all the countries that lie below 35degree north 
have relatively low mortality; that latitude was chosen because it also 
happens to be the latitude in which sufficient levels of sunlight per day 
occur to retain adequate levels of vitamin D during the winter. Results 
pointed San Marino, Italy, Belgium and Spain, all above latitude 35 
degrees north, as the countries with the highest number of cases, with 
a correlation between mortality and latitude of r=0.53 and P<0.0001 
by Spearsman´s rank; so it has been suggested the possible role of 
vitamin D in determining more severe outcomes in COVID-19.44
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Unfortunately, these studies showed major problems with 
confounding factors, such as age, ethnicity and obesity prevalence 
variations, as well as different detection and notification methods 
between the countries. 

Preliminary data suggests that vitamin D participates in regulating, 
suppressing hyper-inflammatory, and cytokine response to various 
pathogens, including respiratory viruses, and thus could prevent 
cytokine storm; also, it has been reported that deficiency of vitamin D 
can increase thrombotic episodes with an elevation of D-dimer levels, 
which are frequently seen in severe COVID-19.45

However, a review analyzed the completed data of the UK 
Biobank participants,46 with over 348 thousand people, but only 
449 had confirmed Covid-19 infection. Vitamin D was associated 
with COVID-19 infection univariably (OR = 0.99; 95% CI 0.99–
0.999; p = 0.013) but not after adjustment for covariates (OR=1.00; 
95% CI = 0.998–1.01; p = 0.208); ethnicity was associated with 
COVID-19 infection univariably (blacks versus whites OR=5.32, 
95% CI=3.68–7.70, p-value<0.001), and the adjustment of 25(OH)
D concentration made little difference to the magnitude of the 
association. Moreover, more robust resultsfailed toevidence that 
vitamin D supplementation in black people and Asians could prevent 
the serious Covid-19; the findings do not support a link between 
vitamin D levels and risk of Covid-19 infection, nor that vitamin D 
concentration may explain the ethnic variations in Covid-19 illness. 

Gender differences of severity and outcomes
As the COVID-19 outbreak spread, differences between men and 

women began to emerge; though there is no significant difference 
on the incidence of cases, a clear disparity in severity has been 
continually reported, with men showing higher rates of severe 
cases and mortality, according to the Global Health 50/50 research 
initiative.47 An European epidemiological study, analyzing confirmed 
COVID-19 cases from Italy, China, Spain, France, Germany, and 
Switzerland revealed that Intensive Care Unit cases and mortality was 
50% to 400% higher amongst men. Interestingly, such difference was 
even more highlighted in younger patients, with ages up to 60 years-
old.4 Such dimorphism may rise from sexual steroids interferences on 
the viral cell invasion mechanisms. Estrogen has been associated with 
the differences between immune responses from men and women, as 
women present more effective B and T cell responses, with a preference 
of M2 macrophage response, higher CD4:CD8 ratios and lower IL-6 
levels;48,49 this could be associated with a less intense cytokine storm 
during SARS-CoV-2 infection. Moreover, downregulation of AT1R 
by estrogens, and regulation of renin activity have been described, as 
well downregulation of ACE and simultaneous upregulation of ACE2, 
AT2R, and MAS expression levels,50 thus decreasing tissue damage.

Furthermore, testosterone may also play a role in this gender 
imbalance, as it increases cell-surface serine protease TMPRSS2, an 
activator of the Spike protein of the SARS-Cov-2, enabling its coupling 
with ACE-2, and then, viral internalization.51 This could imply, then, 
that viral invasion in men is higher, as well as the deleterious hyper-
inflammatory response that leads to tissue damage. Figure 2 elicits 
sexual steroid interactions, leading to a higher inflammatory response 
in males, as well as ACE interaction.

A recent case-control study in Italy showed that men in androgen 
deprivation therapy (ADT) for prostate cancer had 4-fold lower odds 
of developing severe COVID-19 and death than those who were not 

taking ADT, though not adjusted for confounding factors.52 A trial 
to evaluate the use an estrogen patch has been registered in the US 
Clinical Trials Database.

Conclusion 
There is a conundrum involving SARS-CoV-2 infection, host 

intrinsic risk factors, as well as immune response to infection, that 
is still due solving. However, as the pandemic continues afflicting 
humankind, better knowledge of such physiopathological mechanisms 
is acquired, and the search for a highly effective treatment is still the 
center of attention on scientific debates. In this review, using the 
available evidence, we seek to bring together in a single article the 
various mechanisms involving COVID-19 infection severity and 
endocrine aspects, as they may play an important role in disease 
course. The results of ongoing clinical trials are expected to resolve 
these issues.
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