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Introduction

It was December 2019, first case of Corona Virus
Disease 2019 viz. Covid-19 was reported in
Wuhan, China.!) Initially the Chinese Centre of
Disease Control and Prevention (CDC) named it
as Severe Acute Respiratory Syndrome
Coronavirus 2 which was later labelled as
COVID-19 by WHO on February 11, 2020.?
Soon COVID-19 was declared as Pandemic by
WHO. COVID-19 symptoms include fever, dry
cough, muscle pain, diarrhoea, fatigue, loss of
smell and taste. It has been found that it can lead
to sudden and rapid deterioration in general
condition resulting in respiratory failure and septic
shock in severe cases.®

COVID 19 has a major impact in European
countries and in United States of America.
Presently there are more than 15 million cases
worldwide with a death toll of more than0.6
million.)” Currently the number of COVID 19
positive cases is rapidly rising in India. As of
today, there is no curative medication for COVID
19.Patients with mild symptoms recovers with
supportive medication. Patients with moderate to
severe symptoms, especially the elderly or with
comorbidities may develop severe COVID 19.

They are currently treated with number of
experimental and repurposed medications. These
patients may have high mortality rates.® We
scrolled through the literature to analyse the role
of Insulin in the treatment of COVID-109.

Discussion

Mortality count of COVID-19 is in lakhs and
found to be higher among elderly. According to a
study, mean age of COVID-19 patients in China
was found to be 58 years and 52% were men. On
comparison with non-severe group of patients,
severe group of patients were significantly older
with mean age of 61 years.® Centre for Disease
Control and Prevention data show that mortality
of COVID-19 increases with advancing age.”
These findings suggest that mortality related to
COVID 19 is the least in younger age group and it
increases with age. In 2013, SARS had similar
pattern in mortality.

SARS-CoV-2 has approximately 80% similarity
with genome of SARS-CoV.® Mortality rates is
SARS had similar trend as that of COVID 19.
According to World health organisation, Age
specific case fatality ration caused by SARS in
China was 20-29 years - 0.9%, 30-39 years- 3.0%,
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40-49 vyears- 5.0%, 50-59 years- 10%, 60-69
years- 17.6%, 70-79 years- 28% and 80+ years -
26.3%.9 These findings exemplify that mortality
related to SARS is highest in elderly and least in
young which has similarity with mortality related
to COVID 19.

If the pathophysiology of this epidemiological
distribution is correctly understood, it will have
implications on treatment and control of COVID
19 pandemic. We scrolled through literature for
analysis of HbAlc levels in nondiabetic
population which showed an interesting finding. It
was found that mean HbAlc of population was
least at young age and it gradually increased with
increasing age. One of the many factors in this
finding could be decrease in muscle mass with
advancing age which may resulting in
underutilisation of glucose. Tissue sensitivity to
insulin decreases with increasing age, result in
insulin resistance.!2®(2 young and nondiabetic
population has low HbAlc as seen in a study by
Saaddine JB et al, wherein it was reported that
mean HbAlc among a group of nondiabetic young
Americans between 5-24 years was found to be
4.99%.(13)Roth J. et al also found mean HbAlc
of age groups <30 was 4.98% , 30—40 was 5.07%,
40-50 was 5.17% ,, 50-60 was 5.33% , 60 —70
was 5.42% and more than 70 years had HbA1lc of
5.45%. This suggests a gradual increase in HbAlc
with age. Youngest have the lowest HBA1c. This
may correlate with robust secretion of insulin
from pancreas and good sensitivity of tissue to
insulin.®® HbA1c is indicates average blood sugar
over last 3 months. Average blood sugar is an
indirect indicator of insulin activity in our body.
With age insulin resistance creeps in which
contributes to increased HbAlc with age.

The mortality related to COVID 19 infection
increases with age and average HbAl1c of general
population also increases with age. HbAlc is
indirect reflection of blood sugar and insulin
activity in our body. Diabetic patients are likely to
have more severe COVID 19 disease. This is
provides support to the hypothesis that insulin
resistance may be a major driver in severity of

COVID 19. We propose insulin resistance and
severity of COVID 19 infection may be linked to
each other so much so that it may have cause and
effect relationship. We further explored the
possible association of insulin and COVID 19. We
found several pointers in the literature which will
support a strong relationship between insulin and
COVID 19.

Angiotensin-converting enzyme 2 (ACE2) has
been discovered as a functional receptor for
corona viruses, including SARS-CoV®® and
SARS-CoV-2.1®  SARS-CoV-2 infection is
triggered by binding of the spike protein of the
virus to ACE2, which is highly expressed in the
heart and lungs. SARS-CoV-2 mainly invades
alveolar epithelial cells, resulting in respiratory
symptoms.®™® ACE2 is a membrane- bound
aminopeptidase discovered in 2000 and plays a
pivotal role in RAS.“®) The Renin- Angiotensin
System (RAS) is a critical homeostasis regulation
system of the human body. ACE2 is homologous
with ACE, although they have entirely different
functions.*"™® ACE2 pathway is actually a
counter regulatory pathway against angiotensin 11.
Angiotensin Il pathway plays important role in
development of hypertension, heart failure and
obesity. ACE2 pathway physiologically gets
activated to decrease damage caused by
Angiotensin Il. ACE2 receptor being entry point
of SARS COV 2, increased activation of ACE2
receptors in patients with hypertension, heart
failure and obesity may be a important etiology
for severe COVID 19 infection seen in these high
risk group.®

Marta Riera et al in their experiment on non-obese
diabetic mice model found that there was increase
in circulating and urine ACE2 activity in Diabetic
mice. On controlling sugars with insulin there was
a decrease in ACE2 activity.®” In another study it
was found that ACE2 activity is increased in Type
| diabetic patients having heart, vascular and
kidney diseases.®” Salem ES et al in their
experiment on diabetic Akita mice found that they
had increased ACE 2 activity in urine. Treatment
of Akita mice with insulin normalized
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hyperglycaemia and decreased urinary ACE2.%?
These experiments showed that there is an inverse
relationship between insulin and ACE2 receptor
and treatment with insulin resulted in lowering of
ACE2 receptors.

Mortality caused by COVID 19 is least in children
and increases with age. HbAlc is lowest in
children and increases with age. Both patterns of
age-related rise in mortality caused by COVID 19
and age-related rise in HbAlc matches each other.
Lower HbAlc in children is because of greater
insulin  sensitivity. As insulin has inverse
relationship with ACE2 receptors, it is natural that
children would have low ACE2 receptors. This
may be most likely pathophysiology of in less
severe COVID 19 infection in children. Therefore,
we propose that both, rising HbAlc with age and
rising mortality with age, are causally related and
significantly lower HbAlc in children as
compared to adults protects the children from
severe COVID 19 and results in almost negligible
mortality. A similar thought process was
expressed by Luca Cristiani et al. who proposed
an ACE2 receptor based mechanism protecting
children from severe COVID 19.%)

In another article Adam Brufsky et al proposed
that, hyperglycemia may increase the affinity of
SARS COV 2 to ACE2 receptors and this may
result in proliferation of virus and increased
severity of infection. It was postulated that
hyperglycaemia by itself, in diabetic as well as
nondiabetic patients, may lead to glycosylation of
ACE2 receptors, which may in turn increase the
affinity towards SARS CoV-2 resulting into
severe infection.?¥ A. Ceriello suggested that
treatment of hyperglycaemia and lowering of
blood sugar in diabetic as well as nondiabetic
patients may act by decreasing the binding of
SARS COV 2 to ACEZ2 receptors and it may result
in improved prognosis in COVID 19.%

In summary insulin may have important role in
treatment of COVID 19 way of decreasing ACE-2
receptors and decreased glycosylation of ACE-2
receptors resulting in decreased binding of ACE2
receptors to SARS COV 2. However in addition to

these benefits, insulin may have multiple benefits
in treatment of critically ill patients as follows.
Diabetes and  hyperglycemia  results in
immunocompromised state because of poor
functioning of neutrophils. There is impaired
phagocytosis, decreased chemotaxis and impaired
intracellular killing. This causes diabetic and
hyperglycaemic individuals to become
increasingly susceptible to infection.
(26)27)(28)29E0ENEABIE The corollary of same is
that if hyperglycemia is controlled with insulin, it
would improve the immunocompromised status,
improve chemotaxis and it will help in reduction
of infection.®” In a study, it was observed that
aggressive blood sugar control to 150 to
200mg/dl, by insulin infusion resulted in decrease
in infection by 60%.%

Critically ill patients are having hyperglycaemia
which  can be multifactorial in origin.
Hyperglycaemia leads to increased activation of
immune system which in turn leads to release of
numerous inflammatory mediators, cytokines.
These inflammatory molecules lead to organ
damage.®9G)@8E9) |n an experimental model it
was found that administration of insulin resulted
in decrease in inflammatory = molecules.
BOUOEDE) Thys jnsulin has a potential role in
reducing the ill effect of inflammatory molecules
which leads to cytokine storm and multiorgan
failure.

Van Den Bergh, in a randomized controlled trial
in critically ill patients demonstrated that strict
control of blood sugar between 70 to 110 mg/dl
resulted in significantly lower morbidity and
mortality.“*® NICE sugar trial reported that blood
sugar control up to 180 mg/dl may result in
improved outcome in critically ill patients as
compared to very low level of blood sugar control
of 80 to 108 mg/dl. NICE sugar trial used regular
human insulin infusion for control of blood
sugar.“? In NICE sugar trial it was found that
intensive blood sugar control arm had higher
incidence of hypoglycaemia. Human regular
insulin has delayed peak action of 2-4 hours and
long duration of action of 6-8 hour, whichmay
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have led to cumulative action of human regular
insulin when given in infusion form. This has
inherent potential of causing hypoglycaemic
events. This may be a likely mechanism of
hypoglycaemia in intensive sugar control arm in
NICE sugar study.

Long acting insulin analogue like Glargine has
uniform action over a period of 24 hours. It do not
have slow rise and delayed peak action as seen in
human regular insulin. This property of Glargine
insulin makes it a suitable medication to be used
in treatment of hyperglycemia in intensive care
unit. Although in different setting, it was found
that Glargine insulin is associated with lesser
chances of hypoglycaemia as compared to
conventional insulin  for intensive insulin
therapy.“® Use of Glargine insulin in critical care
set up only one study was found. In a study of 110
critically ill patients it was found that addition of
Glargine insulin 15 Units to insulin infusion
protocol improved the glycaemic control
significantly.“® In this study Glargine insulin was
used in addition to human regular insulin infusion
which again has delayed peak action and potential
for causing hypoglycaemia. This study was also
no exception to it. There was higher incidence of
hypoglycaemia in this study as well.

To summarize, insulin may lower ACE 2
receptors thus causing decreased entry of SARS
COV2 in to cells and acting on the first step of
COVID 19 infection. Lowering of blood glucose
by insulin may decrease binding of SARS COV2
to ACE2 receptors by causing decreased
glycosylation of ACE2 receptors. Insulin may
improve immunity by increasing chemotaxis and
by increased intracellular killing of viruses.
Insulin has potential to reduce cytokine storm
caused by inflammatory mediators by decreasing
the formation of inflammatory mediators. Insulin
is likely to be one of the most effective treatments
of COVID 19 in diabetic as well as nondiabetic
patients. It has a potential to change the course of
COVID 19 pandemic. Long and uniform acting
analogue insulin is likely to be better suitable
option in treatment of COVID 19 than human

regular insulin which has delayed peak action,
shorter duration of action and higher potential for
causing hypoglycaemia.

Conclusion

COVID 19 pandemic has potential to cause large
number of deaths world over. There is no curative
treatment available for COVID 19 at present.
Insulin may have a potential therapeutic rolein
treatment of COVID 19.We hypothesis that long
acting analogue insulin such as Glargine insulin
may be more effective than human regular insulin
in the treatment of COVID 19. This may help in
generation of hypothesis for future pilot study.
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