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A B S T R A C T

Marked ethnic variations in complications and mortality have been noted following infection with COVID-19, with Black, Asian, and minority ethnic groups (BAME)
being particularly hard hit. We hypothesise that glucocorticoid resistance stemming from several intrinsic reasons such as chronic social stress and lower circulating
levels of Vitamin D may contribute to the exaggerated inflammatory response, more severe disease and poorer outcomes observed in BAME.

Background

Glucocorticoids are amongst the most effective anti-inflammatory
agents in therapeutic use, exerting their effect by several synergistic
mechanisms including reduction of oedema, cellular exudation, fibrin
deposition, capillary dilatation and through inhibition of recruitment of
neutrophils and monocytes. Clinicians commonly resort to them to treat
a wide variety of disorders. In response to the unprecedented
Coronavirus disease 2019 (COVID-19) pandemic, physicians have once
again turned to this old friend as a potential treatment. COVID-19 can
induce a life-threatening respiratory disorder, which is im-
munologically similar to sepsis-related adult respiratory distress syn-
drome (ARDS), that may require prolonged corticosteroid therapy [1].
The recent RECOVERY trial’s preliminary report has shown the benefit
of dexamethasone in severe COVID-19 disease, especially in patients
requiring mechanical ventilation and oxygen supplementation [2].
Glucocorticoids are the only drugs that have produced survival benefit
in the treatment of COVID-19 so far.
Nearly 700,000 people have succumbed to the COVID-19 pandemic

thus far, but its toll has been particularly devastating among Black,
Asian and minority ethnic (BAME) groups in the USA, UK, and Brazil. In
the United States, the age-adjusted mortality rate among Blacks is 3.8
times, Hispanics 2.5 times, and Asians 1.5 times higher than Whites [3].
In the United Kingdom, the age-adjusted mortality rate among Blacks is
2.9 times, Pakistani and Bangladeshi 2.2 times, and South Indians 1.8
times than that of Whites [4]. Similarly, in Brazil, Black and Pardo
(mixed) populations had the highest relative mortality rates for COVID-

19. In fact, Pardo ethnicity was found to be the most significant risk
factor apart from age for mortality [5]. Moreover, ethnic minorities
were more likely to have been admitted to critical care and receive
invasive mechanical ventilation than White patients, with South Asians
in the UK being at higher risk of dying [4].
These marked ethnic disparities have been attributed to a greater

burden of comorbidities in BAME; however, we believe that this ex-
planation is premature and lacking. In this regard, CO-CIN data from
Public Health England showed that of 30,693 patients with COVID-19,
BAME patients were more likely to have diabetes, but less likely to have
several other comorbidities such as chronic cardiac, pulmonary, renal,
and neurologic disease [4]. In addition, multivariate analysis revealed
that having diabetes only had a hazard ratio of 1.11 for mortality, when
compared with chronic cardiac disease (1.20), chronic pulmonary dis-
ease (1.24), chronic kidney disease (1.28), and obesity (1.29) [6].
Furthermore, increasing age appears to be a significant determinant of
poorer outcomes, yet only 30.7% of Black, 29.2% of Asians, and 35.2%
of minority ethnicity patients hospitalized for COVID-19 were above
the age of 70, as compared to 60.7% of Whites. Thus, young age is not a
protective factor in BAME infected with COVID-19. If not comorbidities
and age, what then? One should consider that the increased mortality
seen in BAME may be a consequence of impaired glucocorticoid sen-
sitivity stemming from several intrinsic reasons such as chronic social
stress and lower circulating levels of Vitamin D.
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Hypothesis

Firstly, we propose an ethnic variation in biological glucocorticoid
sensitivity. Secondly, BAME groups are more likely to progress to severe
disease and have poorer outcomes when infected with COVID-19 be-
cause of glucocorticoid resistance, which leads to an exaggerated in-
flammatory response. However, we acknowledge that BAME groups are
more likely to become infected with COVID-19 for sociological reasons.

Support for the hypothesis

Cortisol and COVID-19 outcomes

Tissue corticosteroid resistance is a critical consequence of several
acute and chronic inflammatory diseases, such as acute lung injury,
systemic lupus erythematosus, and chronic obstructive pulmonary dis-
ease. COVID-19 has also been shown to induce a pro-inflammatory
state, with elevations in numerous cytokines including interleukin-1
and tumour necrosis factor-alpha, both of which can reduce gluco-
corticoid receptor activity and induce glucocorticoid resistance [7].
Interestingly, as glucocorticoid therapy such as dexamethasone in the
relatively low dose of 6 mg have been shown to improve survival in
severe COVID-19 [2], if there are pre-existing conditions which may
lead to down-regulation of the glucocorticoid receptor there will be a
need for higher dosages to achieve the same therapeutic effect [8,9].
A recent report found that elevations in baseline random serum

cortisol levels in patients with COVID-19 who presented to the hospital
within 48 h of admission were predictors of poor prognosis [10]. A
value greater than 744 nmol/L conferred a 42% increase in mortality
after adjustment for age and other comorbidities. Cortisol was also
shown to be a better indicator of mortality and reduced median survival
than C-reactive protein, D-dimer, and neutrophil-to-leukocyte ratio.
With higher serum cortisol predicting morbidity and mortality, the
questions arise if more marked elevations of cortisol are simply re-
flecting the severity of the organism’s stress response or revealing the
presence of underlying glucocorticoid resistance?

BAME and variations of glucocorticoid resistance

The link between social status and chronic social stress and acquired
glucocorticoid resistance has been extensively explored in primate and
murine models, as well as humans with bronchial asthma [11]. Chronic
psychosocial stress can lead to overactivity of the hypothalamic-pitui-
tary axis, sympathetic adrenal medulla system, and pro-inflammatory
immune response, resulting in a disturbed glucocorticoid balance
counter-regulatory response that induces glucocorticoid resistance.
There is evidence that clearly shows an inverse relationship between
family income level and glucocorticoid resistance [12]. Chronic psy-
chosocial stress in BAME is evident in the United States, where African-
Americans are twice as likely to be unemployed, and minority groups
are more likely to experience multi-dimensional poverty than white
populations [12]. Thus, because of chronic social stress, BAME may be
desensitized to the effects of circulating glucocorticoids and need to
mount a higher than expected cortisol response when challenged by
acute, severe illness. In other words, a higher cortisol response in BAME
is likely a measure of impaired glucocorticoid sensitivity and, therefore,
an inability to suppress inflammation triggered by infection with
COVID-19.
Furthermore, the interplay of hypovitaminosis D on glucocorticoid

sensitivity may add further relevance to the disparities seen in BAME. A
recent study shows that a low plasma 25(OH)-Vitamin D level appears
to be an independent risk factor for COVID‐19 infection and hospitali-
zation [13]. Vitamin D deficiency rates are higher among African
Americans than Whites [14]. This is especially noteworthy given that
Vitamin D sufficiency and its receptor activity have been shown to
enhance the anti-inflammatory activity of glucocorticoid therapy [15].

By extension, its deficiency would lead to glucocorticoid resistance.

A measurement of glucocorticoid resistance in BAME

Previous work has shown that the skin vasoconstrictor response
(SVC), a bioassay of topically applied glucocorticoids, is a measure of
steroid potency and, more importantly, a measure of an individual’s
biologic responsiveness to glucocorticoids. Results from this bioassay
have shown that whereas only about 10% of a Caucasian population
will display some significant degree of SVC unresponsiveness, a very
high proportion of Africans and South Asians failed to show any re-
sponse, even to high potency agents like beclomethasone dipropionate
in high concentrations. This is particularly so when associated with
obesity and acanthosis nigricans, a marker of insulin and glucocorticoid
resistance [9].

Evaluation of hypothesis

To assess the variation in glucocorticoid resistance across ethni-
cities, the skin vasoconstrictor assay, a long-established bioassay of
glucocorticoid action, can be utilised in a cross-sectional study. This
will require the recruitment of an adequate number of young, healthy
volunteers of both genders and a broad cross-section of ethnicities,
including Caucasians, First Nation Peoples/Native Americans, African,
African Americans, Hispanics, Asians, and South Asians. Subjects
should be excluded if they have elevated blood pressure or report a
history of atherosclerotic cardiovascular disease, hypertension, diabetes
mellitus, COPD, peripheral vascular diseases, cardiac/skeletal disease
or any other disease requiring medical treatment, particularly inter-
current glucocorticoid therapy. Additionally, individuals with a history
of prior allergic reactions to topical glucocorticoids should be excluded.
The skin vasoconstrictor (SVC) assay can be performed on the

ventral forearm as previously described with appropriate test solutions
containing a potent topical glucocorticoid like beclomethasone dipro-
pionate dissolved in ethanol [8,9]. After evaporation, the forearm
should be covered with an occlusive dressing for 16–17 h to be removed
the following day. The degree of blanching can then be read by two
trained observers blinded to the distribution of the test solution on the
application sites. The following scale can be used: 0 (no blanching), 1
(faint pallor), 2 (moderate pallor), and 3 (intense pallor), 4 (intense
pallor that spills beyond the margins). An absent or diminished
blanching response will indicate absolute or relative glucocorticoid
resistance.

Conclusion

Glucocorticoid resistance may contribute to the marked ethnic
variation in morbidity and mortality observed in COVID-19. Ethnic
variation in glucocorticoid sensitivity can be evaluated with the skin
vasoconstrictor assay – a simple and cost-effective bioassay for testing
this hypothesis.
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