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Abstract

Telemedicine is a clinical approach that was seldom used in the day-to-day practice, if not only in certain settings, before the
COVID-19 pandemic. As stated by the WHO, telemedicine is: the delivery of health care services, where distance is a critical
factor, by all health care professionals using information and communication technologies (ICT) for the exchange of valid
information for diagnosis, treatment and prevention of disease and injuries, .... Telemedicine has actually represented the
most useful and employed tool to maintain contacts between patients and physicians during the period of physical distance
imposed by the pandemic, especially during the lockdown. Diabetes in particular, a chronic disease that often needs frequent
confronting between patient and health professionals has taken advantage of the telehealth approach. Nowadays, technologi-
cal tools are more and more widely used for the management of diabetes. In this review results obtained by telemendicine
application in type 1 and type 2 diabetic individuals during COVID-19 are revised, and future perspectives for telemedicine

use to manage diabetes are discussed.
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1 Introduction

Corona Virus Disease 2019 (COVID-19) was classified a
pandemic disease on March 11, 2020 [1]. Its global spread-
ing in such a short period of time has totally upset Health
Care systems worldwide as never before, and consequently
deeply upsetting normal patient care. COVID-19 infection
has overwhelmed the health systems with affected patients,
strongly reducing or even abolishing hospital access for
patients affected by other diseases, in particular chronic dis-
eases. This effect was due not only to the diversion of Public
Health resources, but also because healthy individuals were
afraid to come to the Hospital or Clinic as they may con-
tract the infection. Follow-up visits, diagnostic exams and
drug supplies that had been planned and programmed well
in advance, suddenly became unattainable, and therefore
the relationship between patients and physicians needed to
be reinvented in order to keep under control these diseases.
Definitely, this pandemic has changed the management of
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chronic diseases, such as diabetes mellitus, and the routine
interaction between patients and physicians.

In this scenario, with a swift and abrupt acceleration, tel-
emedicine, an instrument seldom used in particular health
contexts, revealed to be a pivotal and undeniably useful
tool for all chronic disease management, and not only for
diabetes, in particular during the lock-down periods, which
were characterized by extremely restrictive measures on free
movement and profound changes in daily activity across sev-
eral Countries.

Indeed, telemedicine played a central role during the
COVID-19 pandemic, that till now has interested more than
412 million of cumulative cases and almost 6 million deaths
around the world [2].

During the first wave of the COVID-19 pandemic, tel-
emedicine has been strongly implemented, allowing a
confront that was otherwise impossible. As an impressive
example, any form of telemedicine (including telephone con-
sultations) was considered illegal in India, until the COVID-
19 pandemic [3], but suddenly it became the most important
interface communication between the health system and the
patients. Telemedicine was the most frequently utilized tech-
nology during the pandemic [4], and diabetes management,
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as other chronic diseases, has so far relied on telemedicine to
mitigate some of the disastrous consequences of COVID-19.

Telemedicine, as stated by the WHO, is “The delivery of
health care services, where distance is a critical factor, by all
health care professionals using information and communica-
tion technologies (ICT) for the exchange of valid informa-
tion for diagnosis, treatment and prevention of disease and
injuries, research and evaluation, and for the continuing edu-
cation of health care providers, all in the interests of advanc-
ing the health of individuals and their communities” [5].
COVID-19 is responsible for having created an unbridgeable
distance between patients and physicians, where diabetes
represents one of the main targets for ICT application, aimed
to medical treatment and education.

Indeed, during COVID-19 pandemic, telemedicine has
been applied in several chronic non-communicable diseases,
such as arterial hypertension [6], ensuring an effective man-
agement of these conditions even during the impossibility
of a face-to-face relationship between patient and physician,
and in heart failure [7], when continued access to in-person
visits and use of intravenous diuretics was not essential to
prevent decompensation. There is much evidence to dem-
onstrate that telemedicine is a valid, safe, and satisfactory
clinical option for daily management of chronic diseases, in
particular cardiovascular diseases [8].

In the next sections main results obtained through the
application of telemedicine for the management of diabetes
during COVID-19 pandemic will be revised. This experi-
ence has highlighted and magnified the use of telemedicine
as a useful, safe, effective, and unique tool, whose possibili-
ties can go much further than the forced distance between
patients and the health care system imposed by COVID-19,
becoming a long-lasting irreplaceable approach for diabetes
management even after the pandemic.

Some implications and considerations will also be
discussed.

2 Diabetes During COVID-19

Diabetes is one of the most diffuse chronic diseases world-
wide, affecting millions of people, and also one of the lead-
ing comorbidities in those who have died from COVID-19
infection [9], only second to hypertension [10, 11]. Moreo-
ver, the risk of dying in hospital with COVID-19 appears
to be 3.5- to 5-fold higher in type 1 diabetes and twofold in
type 2 diabetes compared to non-diabetic patients [12, 13].
The presence of diabetes, as well as of other comorbidities,
significantly worsens the clinical conditions of COVID-19
infected patients, increasing the risk of adverse outcomes,
including mortality [14-16]. On the other hand, having
diabetes does not seem to facilitate the infection of Corona
Virus [14, 16].
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In any case, the most relevant challenge related to diabe-
tes, during the pandemic has been the day-to-day handling
of metabolic control. Chronic diabetes management is far
from simple, implying several skills and capabilities, related
not only to insulin administration and self-blood glucose
monitoring, but also to a correct nutrient assumption, sub-
cutaneous drug administration, and eventually to the use of
insulin pumps, and more sophisticated continuous glucose
monitoring (CGM) devices. Type 1 diabetes, in particular,
necessitates a complex educational intervention, and fre-
quent follow-up visits, to maintain good glucose control,
to avoid acute hyperglycemic crisis or dangerous hypogly-
cemic events, and prevent chronic complications. On the
other hand, type 2 diabetes affects more than 90% of all
diabetic subjects, requiring a large number of Public Health
resources, especially due to chronic micro- and macrovas-
cular complications prevention and control. Therapeutical
approaches of diabetes, besides the skill of insulin or other
subcutaneous drug administration, often require technical
learning and comprehension, and consequently the need
of teaching the patients the correct application and use of
devices for glucose determination, or insulin delivery sys-
tems. Therefore, diabetic patients cannot be left alone to
manage their disease, and during the coronavirus pandemic
this has become a real and pressing health problem. Dur-
ing the COVID-19 pandemic, the booking of routine clini-
cal appointments was often interrupted or not allowed, and
therefore, telemedicine has represented the lifeline, being
also one of the strategic priorities supported by the WHO
[17].

3 Telemedicine and Diabetes Management
During COVID-19

Telemedicine and remote continuous glucose monitoring
(CGM) are the two health-related technologies most dif-
fused during the pandemic, becoming essential tools in the
management of diabetes [18]. These approaches have been
endorsed by several guidelines, planned and fully investi-
gated, to culminate in the proposal of virtual diabetes clinics
[3,4, 19-21].

Before the COVID-19 diffusion, the use of telemedicine
for the management of diabetes was demonstrated reliable
and effective, in adult and in children, in both types of diabe-
tes [22-28], but its application in clinical practice was lim-
ited, except in certain situations. As an example, telehealth
visits were performed in rural areas of the USA, to provide
diabetic patients continuous learning about their disease,
access to telemedicine visits with diabetologists, dieticians,
and diabetes educators. In this setting, a significant decrease
in glycated hemoglobin, and a significant increase in the per-
centage of individuals with HbA1c at target were observed.



Telemedicine for the Clinical Management of Diabetes

321

Moreover, a good patients’ satisfaction with the use of this
technology for follow-up care was observed [29].

Many studies have demonstrated flash and continuous
glucose monitoring (CGM) improve glycemic control in
subjects with type 1 diabetes, during COVID-19 [30-39];
fewer studies have evaluated the impact of glucose moni-
toring in subjects with type 2 diabetes, before an during
the pandemic [40-43], however, demonstrating that CGM
can improve glycemic control also in T2D patients, with a
high degree of satisfaction [41]. The possibility of uploading
data from continuous glucose monitors (CGM) and insulin
pumps, along with telephone or tele-video consultation has
been extremely useful in managing diabetes throughout all
the COVID-19 pandemic [44]. But even people not using
CGMs or pumps, like older type 2 diabetic patients practic-
ing flash glucose monitoring (FGM), or nothing, have had
the opportunity to contact their diabetologists through tel-
ephone calls, smartphones, or via other internet tools (free-
ware or mobile applications or web platforms), approaches
that guaranteed the essential interrelationship between
patient and physician [45].

3.1 Type 1 Diabetes

Telemedicine displays a wide range of use, especially in the
management of type 1 diabetes, a disease that very often
takes advantage of several technological tools, that can be
supervised via web. Although a global worsening in meta-
bolic control secondary to a dramatic reduction in access to
medical services and laboratory testing was expected dur-
ing COVID-19, surprisingly, most of the studies published
throughout the pandemic have demonstrated significant
improvements of glucose metrics either in adults [31-35,
37-39] or in children [46, 47] affected by type 1 diabetes,
and telemedicine application surely contributed to these
results. Remote consultations and the possibility to access
frequent data on glucose trends through telemedicine have
permitted to reach encouraging results in T1D population,
definitely demonstrating that remote consultations and com-
monly shared data access can improve clinical outcomes and
the patients’ quality of life [48].

Among several studies published on the effective use
of telemedicine in type 1 diabetes, since the rapid spread
of COVID-19 began, world-wide, a Saudi Arabian study
demonstrated that telemedicine visits were associated with
a significant improvement of several glucose metrics in T1D
individuals, compared to patients who did not adopt this
kind of communication [49]. In this geographic area, access
to telemedicine was strongly approved by patients, although
most of them had not used telemedicine before, the transition
from face-to-face visits to telemedicine appeared sustainable
and smooth, due mainly to the wide availability of access to
internet, and the extremely high use of smart devices [50].

Even in worse situations, as in Jordan, where insulin short-
age and glucose monitoring strips rationing were suffered
during the lockdown period, telemedicine was perceived by
patients and their families, as an extremely useful tool for
guidance and support [51].

Danne et al. have reviewed 27 studies conducted in the
period March 2020-2021, evaluating glucose control in
T1D patients [36]. Several glucose monitoring devices were
employed, and overall, glycemic control did not deteriorate
in 25/27 cohorts but instead improved in 23/27 studies,
during this period, characterized by the lock-down-inde-
termined impossibility to access out-patient diabetic clin-
ics. These reassuring results are possibly attributable to the
implementation of telemedicine or telemonitoring, even if
the forced staying at home, and a more regular lifestyle also
have contributed to improve T1D management, especially
through an increased regulation of meal assumptions, more
time spent sleeping and less work-place stress [33, 37, 38].
The most extensive of these studies evaluating an active
telemedicine intervention was performed in the USA, and
enrolled 65,067 users of real time CGM system. A com-
parison was made between data obtained before and during
the COVID-19 pandemic, and a significant improvement
was observed during the pandemic with respect to the pre-
pandemic period [52].

The most frequent technological tool taken into consid-
eration in these studies was, as already said, the continuous
glucose monitoring (CGM) system. The availability of CGM
devices has enabled diabetic patients and physicians to share
and discuss together the remote blood glucose metrics and
glucose profile downloads during this period. Data obtained
from CGM have shown the significant improvement of sev-
eral glycaemic indices, such as glucose time in range (TIR),
time above range (TAR), time below range (TBR), and glu-
cose variability [53, 54]. As a consequence, an amelioration
of glycated haemoglobin was observed. The opportunity to
monitor such parameters, and not only glycated haemoglo-
bin, is of extreme relevance, in the daily management of
diabetes, since in the long-term it associates with reduction
of micro- and macrovascular complication development, in
both types of diabetes [55-58].

Garofalo et al. have performed a meta-analysis of 17
European observational studies on the effect of lockdown
period on glucose control, in T1D subjects on both mul-
tiple day injections (MDI) or continuous subcutaneous
glucose infusion (CSII), utilizing continuous or flash glu-
cose monitoring [59]. A slight but significant improvement
was found in many glucose metrics, during the lockdown
period, with both treatments, thanks to telemedicine. In
another study from Finland, conducted in children patients
treated with insulin pumps, an improvement of their glu-
cose control, showing in particular, significant amelioration
of TIR and mean glucose values, was demonstrated during
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the lockdown, with respect to the pre-lockdown period
[60]. T1D adults using the most sophisticated therapeutical
approach, i.e. the hybrid closed loop system, also called arti-
ficial pancreas, were able to obtain an improvement in most
glucose metrics, during COVID-19 [61], while being fol-
lowed by a telemedicine strategy. Overall, this meta-analysis
and these studies agree on demonstrating the relevance of
telemedicine and telehealth strategies that, through remote
access to sensor data allow a more correct management of
T1D, even in patients treated with advanced technologies.
Of course, these favorable results are ascribable, as well as
to telemedicine, to a more cohesive family environment, to
a better attention to the care of diabetes, and to change of
lifestyle habits imposed by the lockdown.

Another important issue related to type 1 diabetes man-
agement is the new onset of the disease, that is almost
always symptomatic and abrupt, affecting mostly children
and young adults. It represents a very stressful condition,
often inducing an important psychological involvement, and
the disease can be treated only with insulin. Therefore, its
management is unfeasible without learning insulin admin-
istration technique, education to self-monitoring and insulin
titration. A strict and frequent information exchange between
patient and diabetologist is essential in this context and dur-
ing the lockdown periods telemedicine was the only pos-
sible approach able to fill the gap of distance imposed by
COVID-19, both in pediatric and in adult patients [62, 63].
Although case report numbers are limited, telemedicine can
be used safely and effectively for training and education of
new onset T1D.

Other important aspects of T1D management are the
prevention of acute diabetic ketoacidosis or hypoglycemic
episodes. By delivering health care through telemedicine,
these acute complications of diabetes can be successfully
treated [64, 65]. A randomized controlled trial performed in
Italy pre-COVID-19, utilizing a telemedicine system based
on an automatic carbohydrate/insulin bolus calculator had
demonstrated a significant reduction of the risk of moderate/
severe hypoglycemia and improved quality of life [65]. To
summarize, telemedicine application to T1D management
is extremely helpful, safe and cost-effective.

3.2 Type 2 Diabetes

Similar positive results as those observed in T1D, were found
in type 2 diabetes patients followed by telemedicine. T2D
patients are often elderly people, having a long duration of
the disease, often affected by comorbidities and are not practi-
cal with internet and technology. Nonetheless, in this popula-
tion, telemedicine use had been previously demonstrated to
be more effective than routine care, providing better results
on glucose control. A meta-analysis of 35 randomized con-
trolled trials, performed in the pre-COVID-19 era, showed a

A\ Adis

significant reduction in glycated hemoglobin in T2D patients
treated through telemedicine intervention or via telephone, or
via internet employing video-conferencing and/or informa-
tional websites or involving electronically transmitted recom-
mendations in response to internet-based reporting by patients,
in comparison to controls [66]. Wang et al. demonstrated that
a group of T2D randomly assigned to a remote diabetes medi-
cal service platform showed significant lower levels of fasting
and post-prandial glucose, as well as glycated hemoglobin,
and triglyceride levels, after 6 months [67]. Intervention group
automatically transmitted glucose data through a glucometer,
receiving counselling on medicine, diet, and physical activ-
ity. Patients’ adherence to the released medical instructions
was also enhanced. During COVID-19 pandemic, in India,
video consultation was the preferred mode of telemedicine
in DM2 patients [68]. Several studies, performed in different
Countries, showed that, when telemedicine was implemented,
T2D subjects avoided a deterioration of HbAlc and of body
weight during the lockdown period [42, 69—71]. This is an
important result, since, contrary to T1D, the lockdown often
deteriorated glucose metabolism and body weight gain in T2D
patients [72].

Another important task performed by telemedicine is the
prevention of disruptions in medical prescriptions. Patel et al
addressed this issue in a cohort of American adults with type
2 diabetes, finding comparable medication fill rates in 2020
versus 2019, thanks to the use of mail-order pharmacies and
pharmacy delivery service, that could ensure that patients
receive their medications [73].

Finally, among chronic diabetes complications, retinopathy,
the most common one, can be effectively managed through tel-
emedicine. The development of devices for remote evaluation
of retinal digital photos, that can also be taken without induc-
ing mydriasis, thus simplifying image acquisition, has shown
a very high diagnostic accuracy of telemedicine based on digi-
tal imaging technique [74]. COVID-19 pandemic stressed the
importance of a telemedicine approach to the screening, diag-
nosis, and follow-up of diabetic retinopathy [75]. To summa-
rize, telemedicine application to T2D management confirms
its undeniable advantages.

4 Implications and Considerations After
COVID-19 Experience

Maintenance of euglycemia is the back-bone of the treatment
of diabetes mellitus. Nowadays technological advancement
allows the measurements of several metrics related to glu-
cose metabolism, beyond glycated haemoglobin, favoring a
more accurate control of glucose metabolism and its con-
sequences. During COVID-19 pandemic, telemedicine has
become a common practice, providing a great and unique
opportunity to effectively manage patients with diabetes,
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when face-to-face consultation and outpatient clinic access
were denied, especially during the lockdown periods.

One of the outcomes and lessons learned from this pan-
demic is that the use of telemedicine in diabetes, when
feasible, can successfully fill the gap of physical distance,
allowing an interface between patient and physician, ensur-
ing patient education to dietary and physical activity plans,
to drug auto-administration, to glucose value interpretation
and correction, and possibly to availability of medications
and glucose testing. Moreover and, of extreme importance,
patients were highly satisfied. Telemedicine can take advan-
tage of different intervention modalities, such as real-time
video/audio communication, asynchronous communication,
and combined communication (real-time and asynchronous)
and all these types generally showed improvements in clini-
cal diabetes management, and were appreciated by a wide
spectrum of patients. Therefore, favorable results obtained
by the use of telemedicine, during the pandemic, strongly
suggest a wider use and a key role for telemedicine in the
future.

5 Limitations to the Use of Telemedicine
and Future Perspectives

Comprehensive International Consensus documents
and practical guidelines dedicated to COVID-19 infec-
tion management through telemedicine, in people with
diabetes, have been proposed by experts from different
Countries, and published in 2020 [76, 77]. These docu-
ments highlight telemedicine as one of the most attrac-
tive options to manage the disease, during the pandemic.
However, some potential limitations to use of telemedi-
cine have to be acknowledged. Unfortunately, telemedi-
cine is not always available, especially in underdeveloped
Countries, where efficient internet connection, appropriate
equipment and technical knowledge are lacking, represent-
ing the main objective limitations.

Moreover, several practical and ethical issues still rep-
resent a limit to telemedicine use, that have to be resolved
before a more diffuse application of this modality of health
care: telemedicine technologies require adequate patients
and healthcare professional training, accurate data man-
agement, and privacy, security protection, reimbursement
policy application, and governance guidelines [78—81].
As clearly specified by March et al., in their Editorial, a
correct approach to diabetes care through telemedicine,
should be a multidisciplinary approach [82]. Practitioners
and health care professionals have to become aware of
technological, ethical, and legal concerns, such as privacy
and data ownership. Moreover, they should be practical on

the advancement of this methodology, as well as to involve
the patients.

Unfortunately, telemedicine cannot be within everyone’s
reach, and this is another important consideration to be
looked upon: possible availability of telemedicine for all
the diabetic individuals, all over the world. The adoption of
telemedicine for T1D care was very rapid across the United
States [43], and in Europe, but in other Countries or in par-
ticular settings, the lack of access to the technology and the
unequal coverage of video visits and telephone visits in par-
ticular realities may further exacerbate health disparities in
diabetes care [81-83].

Finally, it must also be kept in mind that telemedicine not
always represents the optimal choice, neither for patients,
nor for physicians. Special situations, in particular acute
conditions, require face-to-face consultation or immediate
hospitalization, and cannot be confronted by telemedicine.
Some patients would prefer to physically meet up with their
physicians, and not to communicate on a screen. Several
psychological aspects linked to telemedicine, must there-
fore be considered. Cultural or emotional barriers could
refuse a telemedicine approach; moreover, a proper physi-
cal examination of the patient is of course impossible, if not
in presence.

In addition, data till now available are still limited and
further research is needed to give telemedicine a well-
defined place in the day-to-day management of diabetes.

Notwithstanding possible limitations, the over all expe-
rience that the pandemic has allowed to be made on the
application of telemedicine in diabetes management has
been positive and surely laid the groundwork to expand its
use in the future. Telemedicine could become a practical and
time-sparing option, for patients, care-givers and physicians,
especially when confrontation is needed to discuss glucose
prophiles and therapy adjustments, and physical proximity
is not necessary. Its application could be expanded, to sev-
eral specific situations, such as patient education, and advice
on physical activity and diet etc., and in the end not only
considered in situations such as stated by the WHO defi-
nition. Potentialities of telemedicine are really remarkable,
and an intelligent and careful application of this innovative
approach could improve the management of diabetes, and
reduce fearsome clinical outcomes of this chronic disease.

6 Conclusions

In conclusion, the great majority of studies performed in
diabetic individuals during COVID-19 confirms the feasibil-
ity, sustainability, and effectiveness of telemedicine applica-
tion during a pandemic. These encouraging results suggest
that telemedicine use could find an important place in the
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management of diabetes also in the future, obviously and
hopefully beyond a pandemic condition. Lastly, an important
issue not to be left out, related to telemedicine application
is its favorable cost-effective ratio, demonstrated also before
COVID-19 era [84, 85]. Telemedicine could also help in
reducing racial, ethnic, social disparities often present in
health management.

Definitively, the telemedicine experience ensuing
COVID-19 pandemic paved the way to new valid possibili-
ties for patients and physicians to successfully manage dia-
betes mellitus, such as other chronic diseases.
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