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Abstract
Introduction Diabetes Mellitus is a chronic disease and a global epidemic. It is a known fact that co-morbidities, including
Diabetes Mellitus, pose a higher risk of infection by COVID-19. Additionally, the outcomes following infection are far worse
than in people without such co-morbities.

Factors contributing to the development of type 2 diabetes mellitus (T2DM) have long been established, yet this disease still
bestows a substantial global burden. The aim was to provide a comprehensive review of the burden of diabetes pre-COVID-19
and the additional impact sustained by the diabetes population and healthcare systems during the COVID-19 pandemic, while
providing recommendations of how this burden can be subsided.
Methodology Literature searches were carried out on ‘Google Scholar’ and ‘PubMed’ to identify relevant articles for the scope of
this review. Information was also collected from reliable sources such as the World Health Organisation and the International
Diabetes Federation.
Results T2DM presented with economic, social and health burdens prior to COVID-19 with an significant ‘Disability Adjusted
Life Years’ impact. Whilst people with diabetes are more susceptible to COVID-19, enforcing lockdown regulations set by the
Public Health department to reduce risk of infection brought about its own challenges to T2DM management. Through recom-
mendations and adapting to new methods of management such as telehealth, these challenges and potential consequences of
mismanagement are kept to a minimum whilst safeguarding the healthcare system.
Conclusion By understanding the challenges and burdens faced by this population both evident pre-covid and during, targeted
healthcare can be provided during the COVID-19 pandemic. Furthermore, implementation of targeted action plans and recom-
mendations ensures the care provided is done in a safe and effective environment.
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Introduction

Diabetes Mellitus is a chronic disease resulting from the
reduction in the body’s response to insulin production by
the pancreas either due to an increase in insulin resistance
or due to decreased insulin production [1]. In the past
three decades, incidence of diabetes has quadrupled
worldwide [2]. Diabetes has also classified as the 7th
leading cause of death globally in 2016 [3]. According
to the recent data published by the International
Diabetes Federation, 463 million adults (20–79 years) suf-
fered from diabetes in 2019. If not adequately controlled,
the global diabetes prevalence is expected to increase by
approximately 51% in 2045 [4]. The contributing factors
for the development of type 2 diabetes (T2DM) can be
broadly divided into genetic and environmental factors.
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Some specific risk factors include, obesity, smoking, lead-
ing a sedentary lifestyle, age and also the presence of
Metabolic Syndrome [5, 6]. The pathophysiology and
the underlying risk factors have long been established,
yet the incidence of diabetes is still on a progressive in-
cline [7] The 2019 coronavirus SARS-COV2 pandemic
has further increased the burden on the diabetes popula-
tion, those at risk of dyglcyaemic changes as well as the
healthcare services [8]. The aim of this article was to
provide a comprehensive review of the burden of diabetes
pre-COVID-19 and the additional impact sustained by the
diabetes population and healthcare systems during the
COVID-19 pandemic, while providing recommendations
of how this burden can be subsided.

Methodology

A literature search was carried out in July 2020 through
‘PubMed’ and ‘Google Scholar’ using the keywords
‘T2DM’, ‘COVID-19’ and ‘Public Health’. Articles were
then filtered using several inclusion criteria including;
English language, Human studies and Literature type. The
latter mainly included Systematic reviews, Meta- Analysis
and literature reviews. The authors then filtered the
resulting articles by title and abstract and the remaining 65
articles which fitted the aim of this review were thus con-
sidered. Additionally, information was also collected from
reliable reports such as those of the World Health
Organizat ion (WHO) and Internat ional Diabetes
Federation (IDF).

Results

Burden of T2DM diabetes

Having an understanding of the impact of T2DM at an in-
dividual, community and population level is paramount for
public health authorities and policymakers alike. The bur-
den of a disease can be quantified in terms of the quality of
life, morbidity, premature mortality, economic and
healthcare impact [9].

Disability adjusted life years (DALYs)

Public health policies and plans for provision of services
all depend on the general population’s state of health and
comorbid diseases which change over time. Developed in
the 1990s, the DALYs metric is used to gauge the total
burden of a disease by considering the number of years
lost to a disease, premature mortality, or disability. It is
also used to compare health and life expectancy globally.
Such a calculation gives policy makers a better under-
standing of the overall duration of life in comparison to
duration spent in poor or good health [9]. A global obser-
vation of the incline in DALYs across 10 years comparing
individuals at different age categories (15–49 years, 50–
69 years vs 70+ years) adapted from the Global Burden of
Disease website can be seen in Figs. 1, 2 and 3 respec-
tively. [10]. As seen in the graphs, the higher incidence of
T2DM at a younger age range is contributing to the in-
crease in DALYs. This will place a strain on healthcare
costs and economic healthcare services as well as

Fig. 1 Global DALYs Ages 15–
49 [10]
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decreased work productivity and increased likelihood of
early retirement or mortality. This will ultimately be a
burden on the country’s economy.

The universal rise in life expectancy has left policy
makers questioning whether individuals maintain a good
quality of life during these additional years, as reported by
the Global Burden of Disease (GBD) Study and illustrated
in Figs. 1, 2 and 3. Such evaluations are extremely relevant
to decisions involving extension of retirement ages and
health care stipulations. Namely to increase efforts for risk
prevention of non-communicable diseases such as T2DM
from early stage of the disease. Great inequalities between
the burden of a disease and healthy life expectancy are pres-
ent globally irrespective of a country’s quintile on the socio-

demographic index or between sexes [11]. This implies that
quantity is more prevalent than quality of life worldwide.
The disabling outcomes of a disease such as T2DM has
considerable implications for the health care system plans
and disbursements [12].

Economic status and healthcare

T2DM presents with economic, social and health burdens not
only for the individual but also for families and careers as well
as the healthcare system. Additionally, employment is another
social factor which is often impacted, leading to further strain
on the country’s economy [13].

Fig. 2 Global DALYs Ages 50–
69 [9]

Fig. 3 Global DALYs Ages 70+
[9]
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A country’s ability to prevent T2DM lies in the presence of
an identification and targeting strategy aimed at high risk in-
dividuals. This is dependent on the infrastructure and human
resources available with a consequential effect on the manage-
ment plan of the diagnosed individuals [13]. Furthermore,
statistical data regarding epidemiology would be essential
for health care providers in the identification of the risk factors
contributing to T2DM at a country level. This would aid in
surveilling, diagnosing, monitoring as well as treating T2DM.
In previous studies diabetes was reported to be more common
with individuals with high socio-economic status [14–16]. In
contrast, a recent study reported that a higher T2DM preva-
lence was associated with individuals having a lower socio-
economic status due to limited access to health care and [17].
Moreover, this factor was also observed in low and middle
income Asian countries experiencing fast economic advance-
ment [16].

Susceptibility of COVID-19 among diabetes
population

Coronaviruses are enveloped viruses known to cause respira-
tory infections in humans. Whilst most of these viruses are
harmless and cause mild symptoms, a novel virus known as
SARS (severe acute respiratory syndrome) - COV 2 as well as
COVID-19 emerged in December of 2019, which proved to
be more harmful than the previously known coronaviruses
[18].

It is now a known fact that co-morbidities such as obesity,
diabetes mellitus (DM), hypertension as well as advanced age
all increase the chances of being infected with COVID-19
[19]. Additionally, reports from the Centres for Disease
Control and Prevention stated that patients with diabetes and
metabolic syndrome might be 10 times more likely to die due
to COVID-19 [20].

There are several possible mechanisms which can make
diabetic patients more susceptible to COVID-19. Some of
these mechanisms include; impaired macrophage activity; im-
paired neutrophil recruitment and cytokine storm. However,
the one mechanism which seems to be considered most is the
increased viral load due to the virus entering the cells efficient-
ly. In fact, the receptor which this virus uses is the
Angiotensin-converting enzyme 2(ACE2) receptor which
can be found expressed by various tissues including lungs,
kidneys, pancreas and the heart [18, 21]. Firstly, the SARS
CoV-2 Spike protein bind to the ACE2 cell surface where the
S protein is then primed by the cellular proteases such as
TMPRSS1 and furin. Priming involves cleaving the S protein
at the S1/S2 domains, allowing the virus to fuse to the cell
surface [18]. Virions are then taken up into endosomes where
the SARS CoV 2 is cleaved and possibly activated by
Cathepsin L [22] . Inside the cell SARS CoV 2 replicates itself
whilst ACE catalyzes the conversion of Angiotensin I to

Angiotensin II and ACE 2 converts Angiotensin II to Ang
1–7 [23]. Since ACE 2 receptors are also found in the pancre-
as, the entry of coronavirus in the pancreatic cells may result
in acute beta cell dysfunction [21]. Finally this may lead to a
state of acute hyperglycaemia which if left uncontrolled pre-
disposes the diabetic individual to a greater risk of infection
and also a higher chance of mortality [24, 25].

Certain medications prescribed to diabetic patients such as
GLP-1 agonists, Angiotensin Receptor Blockers (ARB’s) and
Angiotensin converting enzyme inhibitors (ACEI’s) are
thought to upregulate ACE2 expression [26]. ACEI initially
inhibits the Angiotensin converting enzyme (ACE) leading to
decreased angiotensin I levels. This possibly causes a negative
feedback loop that ultimately upregulates more ACE2 recep-
tor which can now interact with the decreased Angiotensin I
substrate available [27, 28]. Additionally, evidence of a 5-fold
increase in ACE2 levels with lisinopril and a 3-fold increase in
ACE2 levels with losartan was also published [26, 29].
Therefore, due to the ACE 2 receptor being expressed in var-
ious tissues as well as due to the upregulation of ACE2 recep-
tor there is thus an increase in potential binding sites for
SARS-CoV-2. This mechanism takes place in patients with
diabetes and/or hypertension since they usually take ACEI or
ARB’s. Hence, infection by COVID-19 may be more severe
in these patients [30, 31]. Whilst the above mentioned mech-
anism seems to confirm that ARB’s and ACEI’s upregulate
ACE2 expression, other studies which contradict this have
been published. These studies claim that the administration
of these medicines is actually beneficial to patients infected
with COVID19 [32–35].

Challenges faced by diabetics during COVID-19

Lack of exercise

One of the many mitigation legislations put forward by gov-
ernments along with public health authorities to contain the
spread of COVID-19 was to institute social-distancing restric-
tions along with the closure of gyms and parks [36].
Furthermore, the population was advised to limit going out
of their homes unnecessarily [25, 37]. Exercise has long been
established to be an important requisite as part of the diabetes
management and prevention plans [38] . Several studies car-
ried out over the years found that lifestyle interventions in-
cluding 150 min/week of physical activity and diet-induced
weight loss of 5–7% reduced the risk of progression from
impaired glucose tolerance (IGT) to Type 2 diabetes by 58%
[39–41].

A systematic review andmeta-analysis carried out on struc-
tured exercise interventions also concluded that structured ex-
ercise programs had a statistically and clinically significant
beneficial effect on glycaemic control [42, 43] .
Consequently, the World Health Organization (WHO)
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released a guideline called ‘Stay Physically Active during
Quarantine’ which contains possible ways to stay active dur-
ing COVID-19. The use of online classes and videos were
encouraged as were frequent walking breaks around the house
[44].

Increase in weight

The mandated lockdowns resulted in the limited access to
fresh fruit and vegetables. Individuals including those with
diabetes might have resorted to the consumption of long
shelf-life canned or packaged foods that are typically high in
calories and/or fats, with a potential increase in the consump-
tion of carbohydrates [45–47]. Such food consumption in-
creases the risk of weight gain and impose a higher cardiovas-
cular, thrombotic and respiratory complications [48, 49]. The
concurrent presence of obesity within the diabetes population
poses additional detrimental effects on the functioning capa-
bilities of the lungs lead to a decrease forced expiratory vol-
ume (FEV) and forced vital capacity (FVC) [50].
Additionally, it has been hypothesized that pulmonary
lipofibroblasts together with normal adipocytes play a role in
the pathogenic response of COVID-19. This is believed to be
brought about by the increased expression of the ACE-2 re-
ceptors which turns the adipocytes into reservoirs for the vi-
rus. Moreover, the adipocytes aid in the transdifferentiation of
lipofibroblasts into myofibroblasts leading to pulmonary fi-
brosis. Consequently, the presence of fibrosis leads to severe
outcomes of the COVID-19 infection among the diabetes-
obese population [51].

Mental stress and quality of sleep

A recurrent issue during lockdown appeared to be an in-
creased ‘mental stress’ and changes in sleeping habits [52].
Anxiety mainly stemmed from contracting the virus, being
restricted to the place of residence for a long period of time
and also not being able to meet with loved ones [53]. The
increased levels of anxiety were reported by more than 80%
of the participants from North India who stated that they were
worried about COVID-19, out of which 12.5% reported diffi-
culties in sleeping [54]. Another study carried out in China
reported that 53.8% of participants sustained a moderate to
severe impact on their mental health due to COVID-19 pan-
demic [55]. Fig. 1 in the supplement material is a guideline
released by the National Diabetes Service Scheme (Australia)
intended in helping with management of worries and anxiety
related to COVID-19 and diabetes [56]. Similarly, The
European country of Malta also released a set of recommen-
dations to help the local diabetic population in managing their
condition as well as to reduce anxiety related to COVID-19
[57] The National Health Service (NHS) also published
‘GUIDANCE FOR: Supporting people with Diabetes during

the COVID-19 pandemic’ which compiles informative
websites that the diabetic population might need to access
during these difficult times [58].Apart from these guidelines,
a number of countries including the European country of
Malta, set up designated helpline to provide aid to all those
experiencing mental health issues including the diabetes pop-
ulation [36, 56–58].

Whilst COVID-19 and the subsequent stress can be a
source of sleep disturbance, one has to also take into account
diet; lifestyle and diseases [55]. In fact, shorter sleep duration
and unstable sleeping patterns have been linked to obesity and
cardiovascular problems [59, 60]. An association was also
found between sleep disorders and patients with T2DM,
where increased rates of insomnia, excessive sleeping during
the day and a more frequent use of sleep medications were
reported [61]. These changes in sleeping patterns may be due
to the T2DM itself as well as due to complications which
come with it such as polyuria and peripheral nephropathy
[62].

Lack of vitamin D

Lockdown restrictions challenged individuals including those
with diabetes with inadequate Vitamin D levels due to low
sunlight exposure during this pandemic [25].

Vitamin D deficiency can lead to an increased mortality
and morbidity due to COVID–19 [63] Vitamin D supplemen-
tation is not only thought to decrease the risk of infection but it
is also being suggested as a cure for infection patients [64]
Vitamin D has numerous mechanisms through which it de-
creases the risks of microbial infections and death. These
mechanisms can be grouped into three main categories; phys-
ical barrier, cellular natural immunity and adaptive immunity
[65].

Glycemic control

It was observed that infected elderly with diabetes had an
elevated fasting blood glucose as opposed to their HbA1C
which remained stable [66]. However, during the acute phase
of the COVID-19 infection it is essential that strict glucose
control is maintained to prevent the occurrence of complica-
tions [66, 67].

Public Health recommendations for diabetic patients

A number of healthcare recommendations and guidelines
have been issued during these unprecedent times by different
stakeholders including the Institute for Healthcare Excellence
on managing the diabetic population pre-COVID-19 [68].
Examples of these recommendations can be found as part of
the supplement material (Supplement Tables 1, 2 and 3).
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Change in healthcare services due to COVID-19

Individuals with diabetes are not always able to self-cafe and
modify drug doses, especially those in marginalised and dis-
advantaged populations as well as elderly deprived of social
support. These populations are dependent on health profes-
sionals [69]. In such cases, where no designated point of ref-
erence is available, managing their own condition can place
further psychological stress on the patients, which might have
been the case during the COVID-19 lockdown periods.
Complications arising from poorly managed blood glucose
such as Diabetic Ketoacidosis raises the risk for morbidity
and mortality. This will not only put a strain on an individual
and the family unit but also on the health care system [70].
Most outpatient services were temporary halted during the
pandemic whilst those that continued their services were chal-
lenged due to staff reduction as these were deployment to
frontline duties or illnesses [36]. Hence, ensuring that delivery
of care does not cease during this pandemic was a great feat.

Virtual care was a tool employed by many countries in an
attempt to continue provision of service whilst also preventing
nosocomial exposure to COVID-19. Telehealth was conse-
quently beneficial for countries, such as USA,UK and India,
when providing a service in distant locations with shortage of
staff [71–73]. Using such technologies enabled imparted edu-
cation to individuals with diabetes about changes in insulin
dosing as well as general self-care. The ongoing communica-
tion empower individuals and allow them to independently
manage their condition. Studies carried out prior to the pan-
demic indicated that virtual communication can successfully
lower HbA1c [74]. Practitioners through telemedicine can fur-
ther emphasize the importance of controlling glucose levels as
well as relate the potentially improved outcomes of COVID-
19 if encountered [75].

However, such a tool is not always viable due to limited
accessibility, acceptance and knowledge on the use of tech-
nology. In fact, some individuals still requested to be seen in
the traditional face-to-face setting [76]. Moreover, practi-
tioners in developing countries should always consider finan-
cial implications of therapies on an individual. Simple treat-
ment regimens and low-cost therapy should ideally be pre-
scribed especially to underprivileged populations [75]. The
guidelines observed in Supplement Fig. 3 have formulated
by the British National Health System (NHS) to assess the
risk of COVID-19 susceptibility before setting up an outpa-
tient assessment or follow up [77].

Recommendations for changes in management

Healthcare professionals can potentially encounter clients who
are awaiting result or have been confirmed as COVID-19 pos-
itive. Hence it is essential to encourage staff to wear PPEs
whilst also adhering to recommended sanitisation procedures;

especially in aerosol generating practices. Such procedures
should also be enforced in hospital routine activities such as
waste, food, utensil and laundry handling. Bornstein et al., com-
piled a list of guidelines for healthcare workers to follow when
dealing with diabetic patients in different scenarios. These
guidelines can be found in Fig. 2 in the supplementary material
[78]. Easy and practical recommendations that were compiled
by Wang et al., (2020) that can be relayed to patients are listed
in Fig. 3 which can be accessed in the supplement material [77].

Management of non-Communicable Diseases during
COVID-19

The extensive impacts on health revealed by this pandemic
has demonstrated the vulnerability of individuals with non-
communicable diseases (NCDs) [79]. A study carried out in
Italy showed that 96% of patients that died in hospitals had
previous comorbidities, with T2DM being second highest
amongst hypertension, malignant tumours, cardiac and respi-
ratory diseases [80]. The link between NCD and COVID-19
mortality has also been made in USA, China and Spain [79,
81, 82].

Measures undertaken for NCDs included quarantine and
physical distancing. This could potentially result in poor man-
agement of the condition by both the patient - through behav-
ioural risk factors - and the healthcare professional [83].
Rescheduling of routine medical tests and appointments can
further hinder management as well as limited access to prima-
ry healthcare centres, pharmacies and transport. All these fac-
tors will make it tougher to ensure continuity of care. Research
from other pandemics indicates that exacerbation of NCDs
occurs without proper healthcare management [84]. This is
due to stress that is brought about by changes in routine, un-
certain economic situations and new regulations which will
ultimately raise rates of disability, morbidity and mortality in
patients with NCDs [79].

The importance of T2DM management to avoid serious
repercussions on health and overall economy is not a new
concept. Hence it is important to equip patients with the right
knowledge about the current pandemic and its possible effects
on their overall health. It is crucial, now more than ever, to
ensure that patients have direct contact with a healthcare prac-
titioner to mitigate any queries or concerns that they may
have. This will ultimately empower individuals to adhere to
recommendations whilst also avoiding extra stressors which
may exacerbate hyperglycaemic effects such as kidney failure,
amputation, nerve damage and heart disease [85].

Conclusion

T2DM has been a global burden for decades; however, addi-
tional burden has been imposed with the onset of COVID-19
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pandemic. Consequently, at a global level, healthcare systems
as well as the diabetes population were impacted during this
pandemic. Mitigation restrictions that were aimed to curb the
spread may have imposed a higher burden on the diabetes
population. Having an understanding of the different chal-
lenges and subsequent burden faced by this vulnerable popu-
lation will enable healthcare professional, healthcare provi-
sion and policy makers to provide targeted action plans.
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