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COVID-19 and type 1 diabetes: dealing with the difficult duo
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Abstract
Background Coronavirus disease 2019 (COVID-19) has aroused global health concerns, particularly in relation to diabetes
where it has been associated with poorer outcomes. The bulk of the evolving evidence in diabetes and COVID-19 relates to
type 2 diabetes (T2D). Since there are a significant number of patients with type 1 diabetes (T1D) with unique concerns and
challenges during the ongoing COVID-19 pandemic, we reviewed existing literature, relevant websites, and related guidelines to
form this narrative review to help address key questions in this area.
Methods We systematically searched the PubMed database up to May 31, 2020, and retrieved all the articles published on T1D
and COVID-19.
Results We found 18 relevant articles, each of which carried a part of the evidence regarding the risk of contracting COVID-19 in
patients with T1D, effect of COVID-19 on development of T1D, outcomes in T1D with COVID-19, and special management
issues in T1D in the light of COVID-19. These have been documented in the present review.
Conclusion COVID-19 with T1D presents special challenges. While the available evidence does shed some light, we need more
evidence to deal with this difficult duo.

Keywords COVID-19 . SARS-CoV-2 . Type 1 diabetes . Diabetic ketoacidosis

Coronavirus disease 2019 (COVID-19) epidemic caused by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) emerged in Wuhan, China, in December 2019 and
has progressed rapidly into a pandemic since the first quarter
of 2020 [1]. COVID-19 is commonly characterised by fever,
cough, fatigue, shortness of breath, pneumonia, and other
respiratory tract symptoms and may even progress to death
in some [2]. Patients with older age, hypertension, male gen-
der, heart disease, cerebrovascular disease, kidney disease,
hyperglycemia, or history of smoking have been shown to
have a higher risk of developing more severe disease and
subsequent mortality [3–6]. There have been several publi-
cations from the global scientific community on COVID-!9
in type 2diabetes (T2D) butmarkedly fewer looking at type 1
diabetes (T1D). T1D constitutes about 5% of all diagnosed
cases of diabetes and its global incidence is increasing at

about 3% every year [7]. Given the global burden of T1D
and unique challenges in treating T1D (more so in develop-
ing nations like India), this narrative review attempts to ad-
dress key questions regarding COVID-19 and T1D.We sys-
tematically searched the PubMed database up to May 31,
2020, and retrieved 18 articles published on T1D and
COVID-19 besides looking at relevant websites and related
guidelines to form this review.

Risk of contracting COVID-19 in patients
with T1D

Diabetes patients have an increased risk of infection compared
with the general population and the risk is even greater in
those with T1D than in T2D [8]. These include bacterial, viral,
and fungal infections of the respiratory tract, urinary tract,
gastrointestinal system (including liver), skin and soft tissue,
head and neck, and other systemic infections (e.g. HIV) [9].
This increased risk of infection is due to hyperglycemia-
induced immune dysfunction (damage to the neutrophil func-
tion, depression of the antioxidant system, and humoral im-
munity), micro- and macro-angiopathies, and greater require-
ment of medical interventions in these patients [9].
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Interestingly, in reports from Italy and China, COVID-19
cases with type 1 diabetes were apparently not reported de-
spite a large number of people being infected and hospitalised
[10–12]. Possible explanations for the same include a younger
age of T1D patients, lower prevalence of T1D, and overex-
pression of CD8+ T lymphocytes in T1D which might play a
protective role (CD8+ T lymphocytes show an increased ap-
optosis leading to lymphocytopenia in SARS-COV2 infec-
tion) [13]. However, population cohort studies covering all
individuals registered with a general practice in England show
that T1D patients do contract COVID-19 infection requiring
hospitalisation in some [14, 15]. Presently, as testing for
COVID-19 is still limited and as there could be many asymp-
tomatic individuals with the infection, it remains unclear
whether T1DM patients are more likely or less likely to con-
tract COVID-19. A study in regions with a high prevalence of
T1D (e.g. Scandinavian region) looking at the prevalence of
COVID-19 infection with widespread community screening
in those with and without T1D could possibly provide an
answer. Since it is well established that uncontrolled hyper-
glycemia impairs immune function in all forms of diabetes, it
would be logical to presume that T1D, particularly if not well
controlled, could have an increased risk of infection and in-
tensifying glycemic control could serve as a means of primary
prevention [16, 17].

Effect of COVID-19 on development of T1D

Viral infections are well known to be associated with the de-
velopment of pancreatic autoantibodies leading to T1D in ge-
netically predisposed individuals and coronaviruses were
identified as one of the incriminating pathogens in the
TEDDY study [18, 19]. Viral infections trigger autoimmune
insulitis and pancreatic β-cell destruction through several
mechanisms—virus amplification cycle and/or circulating vi-
ral antigens may directly damage β-cells and also lead to the
release of sequestered islet antigens which are presented by
overexpressed major histocompatibility complex class I pro-
teins to the immune system, increasing the risk of autoanti-
body generation. Viral epitopes sharing homology to
autoantigens could lead to cross-reactive antibody production
against β-cells (molecular mimicry hypothesis). Also, viral
infection leads to cytokine release and T cell activation which
could hasten the development of T1D in genetically
predisposed individuals [20]. SARS-CoV-2 might also bind
to ACE2 in the pancreas and cause pancreatic injury, particu-
larly in severe COVID-19 cases, thereby hastening the devel-
opment of overt T1D in susceptible individuals [21]. As T1D
development has already been related to coronavirus respira-
tory infections, it is very likely that an increasing incidence of
T1DM may be triggered by the present pandemic and appro-
priately designed studies are necessary in this regard. Till such

published evidence becomes available, practitioners have to
be on an active lookout for the development of T1D after
COVID-19 in predisposed individuals. There is a report of
an individual presenting with diabetic ketoacidosis (DKA)
as an inaugural feature of T1D where DKA symptoms were
masked by COVID-19 symptoms; this is an area where we
need to be vigilant as well [22].

COVID-19 and T1D—outcomes

While T2D and its associated comorbidities have established
themselves as risk factors for increased hospitalisation, re-
quirement of intensive care, and mortality with COVID-19,
early anecdotal reports from global infection hotspots sug-
gested that children with diabetes had a similar disease pattern
compared with children without diabetes (less severe manifes-
tations than adults) [23, 24]. On the contrary, a large popula-
tion cohort study assessing the risk of in-hospital death for
individuals registered with a General Practice in England
showed that people with T1D had 3∙50 (3∙15—3∙89) odds of
dying in hospital with COVID-19 compared with those with-
out diabetes which was attenuated to 2∙86 when also adjusted
for previous hospital admissions with coronary heart disease,
cerebrovascular disease, or heart failure [14]. However, this
study also found a very low absolute risk of in-hospital death
for people with diabetes under 40 years of age implying that
age was a stronger risk influencer than diabetes status [14].
Another study from England using national diabetes and mor-
tality data showed that the adjusted hazard ratio (HR) for
mortality in COVID-!9 with T1D of HbA1c > 10% compared
with HbA1c 6.5–7%was 2·19 [15]. This study also found a U-
shaped relationship between body mass index (BMI) and
COVID-19mortality with HRs for BMI > 40 kg/m2 compared
with 25–29.9 kg/m2 being 2·15 (1·37–3·36) for T1D [15].
Evidence from these studies coupled with the fact that glyco-
sylation of ACE2 receptors (which is necessary for cell entry
of SARS-COV2) can be boosted by hyperglycemia makes a
strong case for intensifying glycemic control for improving
outcomes in T1D with COVID-19 [25].

Special management issues in T1D in the light
of COVID-19

a. Effect of chloroquine and hydroxychloroquine: There has
been an increase in the use of chloroquine and
hydroxychloroquine, both for the prophylaxis and treat-
ment of COVID-19. Both these agents have been reported
to cause hypoglycemia in patients with and without dia-
betes (even in those not on insulin or sulphonylureas) [26,
27]. Chloroquine is postulated to reduce blood glucose
(BG) levels by stimulating insulin secretion and also by

Int J Diabetes Dev Ctries



activating Akt to stimulate glucose uptake and glycogen
synthase [28]. Hydroxychloroquine decreases insulin deg-
radation at the cellular level, increases intracellular insulin
accumulation, and stimulates insulin-mediated glucose
transport [27]. There is a published report of an individual
with T1D on insulin developing hypoglycemia after tak-
ing chloroquine prophylaxis while visiting a malaria en-
demic area following which this patient even maintained
euglycemia without insulin for a temporary period [29].
Therefore, patients with T1D who are administered chlo-
roquine or hydroxychloroquine need to be monitored
closely for hypoglycemia and their insulin doses adjusted
as necessary.

b. Effect of “lockdown”: Many countries across the world
have imposed “lockdown” measures with restriction of
movement and mandatory quarantine of individuals with
or at risk of infection. While these measures have been
lifted in certain countries, there is a distinct possibility of
re-imposition of these measures if a “second wave” of
infection appears. Since T1D is known to be greatly af-
fected by alterations in daily routine, there are concerns
that “lockdown” can worsen glycemic control in T1D due
to restriction of outdoor physical activity, psychological
stress on account of lack of physical interaction with ac-
quaintances, irregular sleep pattern, and intake of less
healthy diet [30, 31]. However, interestingly, there are
several publications which have pointed to the
contrary—there was either no deterioration in glycemic
control or even improvement in glycemic control in
T1D during “lockdown”, particularly in those who con-
tinued exercising and in those who did not go out for work
[32–34]. Possible explanations include greater parental
control and absence of school-related stress in children
and adolescents, eating every meal at home with regular
timing and more consistent and precise carbohydrate
counting, and reduction of workplace-related stress.
Besides slowing of daily activities which might have
helped in glycemic control, patients’ apprehension of
worsening of COVID19 outcomes could have contributed
to improved compliance with physician advice resulting
in good BG control. However, these studies have primar-
ily looked at adolescents using a hybrid closed loop sys-
tem and adults using continuous glucose monitoring with
good glycemic control at baseline because of which these
findings might not be generalisable to those with poorer
control and/or not having access to these new technolog-
ical tools. Another concern is interruption in the availabil-
ity of insulin and glucose meter test strips in relatively
remote area due to logistic issues associated with the
“lockdown”. In view of this, patients would be well ad-
vised to ensure sufficient stocks of essential medical sup-
plies besides maintaining a regular schedule and staying
physically active indoors in the interest of good disease

control. Patients should be encouraged to pursue in-home
physical activity (e.g. bodyweight exercise, jump rope,
online lessons) as it can not only help improve glycemic
control but also for psychological well-being, since phys-
ical activity reduces stress and anxiety and improves
mood and sleep quality [35, 36].

c. Risk of DKA: While contracting an illness might increase
the risk of development of DKA in those with known
T1D, there are reports of delayed diagnosis of new-onset
T1D leading to presentation with severe DKA [37]. Fear
of contracting COVID-19 in a hospital setting, reduced
access to hospital emergency departments due to travel
restrictions, and hospital services remaining closed for
non-COVID-19-related ailments could be some of the
causes for this. Another reason could be delayed diagnosis
on the part of doctors who are preoccupied with COVID-
19 and might not consider DKA in the differential diag-
nosis when a patient presents with suspected symptoms
either over the telephone or in person. Certain features of
DKA overlap with viral illnesses in children and physi-
cians should be on their toes to look out for polyuria,
polydipsia, weight loss, Kussmaul’s respiration, and a
fruity odour in breath.

d. Prevention of DKA: T1D patients who are ill should be
advised to follow “sick day rules” which are recommend-
ed for any stressful situation to reduce the risk of DKA
[38]. These include the following:

1. Insulin should never be stopped.
2. The insulin dose may need to be increased and it

might be necessary to take additional doses of rapid
acting insulin to bring down the BG levels (Table 1).

3. BG levels and ketones (especially if BG > 270 mg/dl)
should be checked every 2–4 h. Check for urine ke-
tones with test strips if blood ketone meter is
unavailable.

4. Plenty of non-sweet fluids should be taken to avoid
dehydration. Liquids for hydration should contain salt
and water and not just plain water (chicken soup,
homemade lemonade with both salt and sugar, or
clear broths), particularly if vomiting or diarrhoea re-
sult in ongoing losses. If appetite is decreased or the
glucose level is falling below 180 mg/dL, sugar-
containing fluids should be considered to decrease
the risk of starvation ketosis.

5. Regular meals can be replaced with easily digestible
food (rice-lentil broths and sugar-containing fluids) to
provide energy and avoid starvation ketosis.

6. When the child is feeling sick or vomiting and ketone
levels are negative or low (trace or small) with BG <
180–250 mg/dL, sugar-containing fluids in small
amounts (at least 100 mL/h) should be administered
to keep BG up.
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7. BG should be maintained between 110 and 180 mg/
dL in otherwise stable individuals.

In the following situations, T1D patients should
promptly get in touch with their treating doctor:

1. When not sure what to do
2. If they vomit repeatedly (not able to hold down any food

or drink for more than 6 h)
3. If vomiting persists beyond 2 h (particularly in young

children)
4. If BG stays high for more than 24 h
5. If they develop symptoms which could be indicative of

their developing diabetic ketoacidosis (nausea, vomiting,
abdominal pain, shortness of breath, confusion).

6. If blood ketones remain elevated > 1.5 mmol/L or urine
ketones remain large despite extra insulin and hydration

7. In very young children (< 5 years)

e. Management of DKA: Intravenous (IV) insulin is the
standard of care for DKA but may pose a challenge in
present times as it often requires admission to the in-
tensive care unit (ICU). ICU beds may be reserved for
or be at full capacity with COVID-19 patients besides
ICU admission leading to an inappropriate risk of in-
fection in young people with T1D. In this setting, it
may be necessary to manage uncomplicated mild to
moderate DKA outside the ICU setting with subcuta-
neous (SC) insulin [39].

SC rapid acting insulin analogs reach peak effect in
90–120 min and can be used for the treatment of un-
complicated mild to moderate DKA outside the ICU
setting [40]. SC regular insulin is an alternative if rapid
acting analogs are unavailable. SC rapid acting analogs
(lispro/aspart) can be started at a dose of 0.15 U/kg 1 h

after the commencement of IV fluid replacement. BG
levels should be monitored every 1–2 h to maintain
levels of around 200 mg/dL until DKA resolves. SC
doses should be injected every 2 h until DKA resolu-
tion and the dose can be brought down to 0.1 U/kg if
BG continues to decrease by > 90 mg/dL per hour.
However, SC insulin may be unsuitable for those with
severe dehydration or serious comorbid conditions.

SC regular insulin every 4 h can be used if ph > =
7 at a starting dose of 0.13–0.17 U/kg which can be
subsequently increased or decreased stepwise by 10–
20% depending on BG values. The dosing frequency
can be increased to every 2 h if acidosis does not im-
prove [41, 42].

Basal insulin should be initiated once DKA has re-
solved and oral intake is tolerated. Once DKA has re-
solved and the child is able to drink adequately, the
remaining volume of calculated fluid and potassium
deficit can be administered orally to facilitate early
hospital discharge thereby optimising the use of
healthcare resources and also reducing the risk of
contracting COVID-19. Intramuscular (IM) insulin
may be used instead of SC insulin in those with poor
tissue perfusion [39].

In individuals with T1D and DKA on continuous
glucose monitoring system (CGMS), confirmatory
BG monitoring with finger-prick capillary blood glu-
cose should be performed in view of issues with
CGMS accuracy in the presence of ketosis and rapidly
changing BG levels [39].

f. Psycho-social issues: A questionnaire-based Danish
cross-sectional study involving 2430 adult diabetes pa-
tients of whom one-third had T1D found that those with
T1D were more likely to worry about being significantly
affected due to diabetes and not being able to manage

Table 1 Additional doses of rapid acting insulin necessary to bring down the BG levels

Ketones Blood glucose

Blood
(mmol/L)

Urine > 180–250 mg/dL 250–400 mg/dL > 400 mg/dL

< 0.6 Negative/trace Give ordinary bolus Add + 5% TDD or 0.05 U/kg to ordinary bolus Add + 10% TDD or 0.1 U/kg
to ordinary bolus

0.6–0.9 Trace/small Add + 5% TDD or + 0.05 U/kg Add + 5–10% TDD or 0.05-0.1 U/kg Add + 10% TDD or 0.1 U/kg

1–1.4 Small/moderate Add +5%-10% TDD or 0.05-0.1 U/kg Add +10% TDD or 0.1 U/kg Add +10% TDD or 0.1 U/kg

1.5–2.9 Moderate/large Add + 5–10% TDD or 0.05–0.1 U/kg Add + 20% TDD or 0.1–0.2 U/kg Add + 20% TDD or 0.1 U/kg

> = 3 Large Add + 10% TDD or 0.1 U/kg Add + 20% TDD or 0.1-0.2 U/kg Add + 20% TDD or 0.1 U/kg
to ordinary bolus

In children and adolescents with pre-illness low (< 0.7 U/kg/day) or high (> 1 U/kg/day) insulin requirements, consider using the percentage (%)
calculation

TDD, total daily dose of insulin
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diabetes if infected with COVID-19 compared with those
with T2D [43]. Therefore, special attention should be giv-
en to those with T1D in order to manage their anxieties by
providing proper information, counselling, peer support,
and access to support helplines.

g. Use of technology: The COVID-19 pandemic has put the
spotlight on telemedicine and brought it to the forefront of
diabetes management. Telemedicine consultation mini-
mises the risk of virus transmission by maintaining phys-
ical distancing thereby alleviating the anxiety of T1D pa-
tients and their caregivers. It also avoids the cost, time,
and inconvenience of travel and waiting at the reception
before consultation thereby increasing time for school or
work. However, telemedicine does have its share of lim-
itations including inability to perform a proper physical
examination, lack of widespread availability of necessary
Internet-related infrastructure in several developing coun-
tries, and difficulty to establish rapport and address be-
havior modification in patients [44, 45].

In settings with access to more advanced technology,
remote monitoring of electronic data (CGMS, connected
insulin pens, connected insulin pumps) enables physi-
cians and other health-care professionals to intervene
timely in patients whose condition is deteriorating based
on available metrics which could help improve clinical
outcomes [46].

The present COVID-19 pandemic has changed the
way we deal with a number of diseases including T1D.
Since we are in the midst of a relatively new and dynamic
situation with evolving evidence, we need to be cautious
and also rely on logical thinking and common sense to
deal with the difficult duo of COVID-19 and T1D more
effectively.
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