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ABSTRACT

The utilization of telemedicine solutions to
reduce outpatient clinic visits and visits to
physicians’ offices, thus saving financial and
personal resources as well as time, has gained
substantial importance in recent years. The
COVID19 pandemic has made it necessary to
abruptly adjust outpatient care methods in
various medical settings that needlessly require
consultations in person to monitor and change
the disease management of patients in specific
risk groups. People with diabetes represent a
vulnerable population who need to be protected
from avoidable outpatient clinic visits, particu-
larly in times of influenza or other pandemic
outbreaks. However, the treatment and care of
patients with diabetes and its comorbidities
require careful and regular monitoring and
therapy adjustments by medical staff. Advanced

age or cognitive impairment and insufficient
access to the health care system due to low
socioeconomic status can complicate the use of
possible alternatives to in-person consultations
in outpatient clinics or physicians’ offices. Tel-
emedicine solutions may offer suitable alterna-
tives to standard face-to-face consultations in
outpatient settings and provide sufficient access
to appropriate diabetes care. Nevertheless, tele-
medicine methods for monitoring diabetes
issues are yet to find widespread use due to
numerous barriers, such as a lack of acceptance
and doubt about its time- and cost-effective-
ness, availability, and potential technical and
regulatory issues. This article offers an overview
of existing applications that provide tele-
medicine diabetes care. Furthermore, it dis-
cusses potential ways to restructure and
revolutionize diabetes outpatient care.
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Key Summary Points

Recent pandemic developments have
made it necessary to reduce onsite visits to
outpatient clinics of hospitals.

Telemedicine for diabetes patients has
been shown to have a positive impact on
glucose control, therapy adherence, and
financial aspects.

Advances in diabetes technology and
telecommunication tools have
contributed to the broad availability of
telemedical solutions.

There are still, however, barriers to
telemedicine use in terms of acceptance,
lack of knowledge, technical issues, and
regulatory limitations.

This commentary summarizes a number of
telemedical possibilities that should
inspire physicians to facilitate and
modernize diabetes care.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13483197.

INTRODUCTION

The principle of ‘‘social distancing’’ is consid-
ered key to interrupting the spread of poten-
tially fatal communicable diseases, as is the case
with the current coronavirus disease 19
(COVID19) pandemic. While there has previ-
ously been a lack of acceptance and application
of telehealth methods, especially in the Western
world, they have been used in several medical
settings to reduce the need for patients to con-
sult physicians onsite. Telemedicine has several

potential advantages. First, as mentioned
before, the need for the patient to be physically
present in the clinic/physician’s office is
diminished, which reduces the exposure of
health care workers to contagious people,
aerosols, and surfaces. Second, in cases where
there is a large geographic distance between the
patient and the clinic, telehealth saves travel
time and costs. Third, medical personal can be
relieved from the workloads associated with
onsite visits and can perform consultations
from a home office if required. This is a major
advantage, as healthy hospital staff are fre-
quently advised to isolate at home due to
potential contact with infected people or
because they are asymptomatically infected,
and telehealth allows them to continue to
engage in their intended work. Fourth, the uti-
lization of telehealth solutions in diabetes care
can enable broader access to the health system
and specialist care, particularly for underserved
populations and minorities.

People with diabetes, specifically those with
poor glycemic control [1], have been identified
as a risk cohort that needs to be particularly
protected from infectious diseases such as sea-
sonal flu and COVID19. Data provided by NHS
England reveal that one-third of the COVID19
deaths in the United Kingdom are associated
with diabetes, that patients with type 1 and type
2 diabetes have a 3.5-fold and twofold higher
risk of dying from COVID19, respectively, and
that this enhanced risk can be attributed to
diabetes-related vascular comorbidities [2, 3].

Current diabetes guidelines recommend
diabetologist or general practitioner consulta-
tions at least every 3 months to measure HbA1c
and, if applicable, adjust the diabetes therapy
and optimize the treatment of cardiovascular
risk factors [4]. It should be noted that regular
patient presentations and exams in the outpa-
tient setting are required not only to optimize
diabetes control but also to effectively treat
related comorbidities (diabetic foot syndrome
and diabetic retinopathy). However, it has been
speculated that the majority of individuals with
diabetes, which is a chronic and mostly incur-
able disease, do not necessarily need to regularly
present themselves physically at outpatient
clinics or doctors’ offices, especially when
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alternative services that can guide disease
management are available.

Telediabetology is dedicated to supporting
and guiding diabetes management digitally,
and aims to reduce onsite visits. Tchero et al.
published a meta-analysis in 2019 that focused
on the clinical effectiveness of telemedicine in
diabetes. They showed significant HbA1c
reductions in the group that was supported by
telehealth care. Intriguingly, people with type 2
diabetes, specifically the elderly, benefited most
[5]. Specific disease management programs
incorporating telemedical solutions that are
contractually provided by health insurance
companies have been introduced (e.g., in Ger-
many). More than 2,000 diabetic patients with
diabetes were supplied with diabetes telehealth
care as part of their contracts with cost bearers,
and the results regarding HbA1c reductions and
user/patient acceptance were promising [6].

However, there are a variety of barriers to the
acceptance of telemedicine in diabetes, includ-
ing a lack of technical knowledge and specific
training, missing standards, doubt about its
efficacy and success rate, and altered practi-
tioner/patient interactions, all of which nega-
tively impact the acceptance of telemedicine by
practitioners [7]. Additionally, regulatory issues
such as a lack of funding or reimbursement
have been blamed for the limited uptake of
telemedicine in diabetes care.

Thus, carefully considered structures, expe-
rienced personnel, and appropriate technical

support must be provided to ensure that tele-
diabetology is feasible. This article aims to
summarize available telediabetology-related
technology that can facilitate and potentially
revolutionize outpatient diabetes care. The
possibilities of telediabetology are summarized
in Fig. 1.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

AVAILABLE TELEDIABETOLOGY
SOLUTIONS

Telephone/Video Calls
for Telediabetology

Increasing patient contact, by including more
frequent telephone calls, has been shown to
improve patient motivation, therapy adher-
ence, and metabolic control [8]. Due to the
widespread availability and usage of (mobile)
phones, such interventions to monitor treat-
ment goals can be established easily and flexi-
bly. For example, phone calls can be scheduled
as an adjunct following an outpatient clinic
visit. A therapy management plan diary incor-
porating dates of telephone visits can be handed
out during the onsite visit, and clinical recom-
mendations such as the frequency of self-mon-
itoring of blood glucose values (SMBG),

Fig. 1 The possibilities of telediabetology

Diabetes Ther (2021) 12:629–639 631



recommendations for insulin therapy, and
physical activity or dietary advice can be given
to evaluate the effectiveness and adherence of
these measures during later telephone visits.
Moreover, to build a personal bridge and allay
potential fears of contact with a foreigner, it
makes sense to introduce the patient to the
person who will be calling them. Thus, the
phone contact frequency can be adapted to the
patient’s requirements or prespecified program
schedules. In this context, web-based psychoe-
ducational interventions have helped adults
with both type 1 and type 2 diabetes to cope
with depression and emotional distress [9]. In
the pediatric setting, the use of frequent video
consultations as an adjunct to regular care was
found to lower the burden of disease and
improve treatment satisfaction in patients with
limited evidence of improved glycemic control
[10, 11], and has shown promising levels of
acceptance among diabetes professionals [12].

Additionally, a hotline number can be
offered that allows the patient to proactively
contact the treating center in the event of
emergencies or device problems, or for other
diabetes-related inquiries. Video calls might also
be suitable for face-to-face appointments with
selected patients who need to see the face of the
healthcare professional to build up trust and
confidence in those guiding their daily therapy.
Similarly, the healthcare professional can better
assess the mood and motivation of the patient
during a video call. A further advantage of video
calls is the chance to properly inspect glucose
data documented in a conventional paper diary.

Lastly, virtual training sessions via telephone
or video calls have been introduced in clinical
practice, enabling remote training on specific
diabetes-related aspects such as handling tech-
nical devices, dietary advice, or behavioral
recommendations.

Advanced Telediabetology Methods Based
on New Technologies

Mobile Applications
As paper-based diabetes diaries are often
incomplete and potentially incorrect (due to a
lack of readability, missing information, or

misinterpretation), mobile applications that
can overcome some of these issues have been
developed. In 2017, more than 1,500 diabetes-
related mobile applications were available in
app stores, making diabetes-related apps the
most common type of disease-related apps [13].
The majority of mobile applications used for
diabetes management are designed for various
platforms, providers, and devices. They inte-
grate some basal/bolus insulin documentation
tools (which may include a bolus calculator),
give information on carbohydrate counting,
and provide automated feedback on users’ glu-
cose patterns. Regardless of the limitations of
the studies conducted, these mobile tools have
positively affected outcomes, improving HbA1c
levels, reducing the frequency of hypoglycemic
events, and increasing quality of life in type 1
and type 2 diabetes patients, for example
[8, 13]. Health data gained from mobile appli-
cations can usually also be converted to trans-
ferable data, which can be shared with
healthcare providers with the user’s consent
(commonly via the acceptance of email-based
invitation links).

Continuous/Intermittently Scanned
Continuous Glucose Monitoring Systems
Nowadays, due to their improved accuracy and
acceptance as well as relatively liberal reim-
bursement criteria in many countries,
most people with diabetes and complex insulin
therapies can make use of continuous glucose
monitoring (CGM) systems. These systems
report real-time glucose values gained from
sensors that measure glucose in the interstitial
fluid. Through the real-time transfer of glucose
values to a reader or smartphone (when using
CGM) or by deriving glucose data from scans
(intermittently scanned glucose monitoring),
the frequency of capillary glucose measure-
ments can be substantially reduced. The use of
these systems has also significantly improved
glycemic control, treatment adherence, and
quality of life [14–16]. Recently, a consensus
endorsed by the American Diabetes Association
and Advanced Technologies and Treatments for
Diabetes (ATTD) defined new strategies for
assessing glycemic control in diabetic individ-
uals who use such systems [17, 18]. The usual
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approach to assessing glycemic control is for the
patient to regularly (generally every 3 months)
meet their treating physician, who will then
gauge glycemic control based on HbA1c results
and paper-based diaries. However, with the
increasing use of CGM systems, glycemic con-
trol can be evaluated remotely via CGM
reports—which include data on time spent in
different target ranges, the glucose manage-
ment indicator (GMI, a substitute for HbA1c),
and the percentage of the sensor used in a given
time—without the need to perform a HbA1c
test. CGM system recorders can also be used to
document insulin injections, meal intake, or
other events such as sports or illness.

On the one hand, users can assess their cur-
rent glycemic control and adjust their therapy if
needed. On the other hand, CGM reports can be
quickly delivered to the treating physician (via
email or directly via the platform with the user’s
permission) and then discussed during a tele-
phone call between healthcare professionals
and the person with diabetes. Insulin pumps
and CGM systems from the same manufacturer
(e.g., Medtronic) or systems from different
manufacturers that communicate with each
other (e.g., Tandem and Dexcom) allow com-
bined documentation of insulin delivery and
glucose values. This is also possible when using
specific software solutions, such as Diasend.
Using these tools, CGM data, insulin doses, and
food intake can easily be visualized and dis-
cussed between users with diabetes and health-
care professionals.

Remote CGM has also been implemented in
pediatric diabetes management. The opportu-
nity for real-time glucose monitoring has been
shown to have a beneficial impact on the par-
ents’ or caregivers’ sentiments regarding their
child’s sleep quality, glucose control, individual
freedom, and confidence. This is especially rel-
evant when children are not close at hand
(during the night or during daycare/school/-
camps), and is supported by the fact that, aside
from in the domestic setting, caregivers and
educators are often inexperienced and insecure
about assuming the responsibility for diabetes
control in pediatric patients [19].

Remote CGM might also be applicable in
appropriate hospital settings such as isolation

rooms where hygienic standards prevent fre-
quent regular glucose measurements. The effi-
cacy and safety of managing glucose control via
remote CGM in the hospital setting have been
demonstrated via case reports, but they
undoubtedly need further attention [20]. To
date, CGM systems are not intended for use in
the hospital setting by manufacturers.

Smart Pens
Smart pens have been specifically developed for
pediatric care, cognitively impaired patients,
and those with insufficient therapy adherence.
These devices automatically record the amount
and timing of insulin application and wirelessly
transmit the information to mobile apps that
interact with them. Smart pens provide a more
reliable and transparent picture of dosing
behaviors, which can help the user to keep track
of previously administered insulin doses and
administration times [21]. Collected data can
also be transferred to digital glucose diaries and
delivered to health care professionals, thus
supporting diabetes telecare. In study settings,
potential benefits for glycemic control and
insulin dosing behavior were demonstrated
[22]; however, in reality, smart pens are still
only rarely used in clinical practice due to their
costs, lack of coverage by insurance companies,
and availability issues.

Decision Support Systems for Insulin Therapy
Considering that insulin therapy is often com-
plicated and tricky to adjust and manage in
outpatient settings, standardized decision sup-
port systems for home care may be useful for
overcoming some of these barriers. Specifically,
in vulnerable populations such as older adults
who require domiciliary nursing care or those
who live in nursing homes, such systems may
facilitate the attainment of adequate glycemic
control. This approach may avoid the need for
diabetes-related unscheduled patient presenta-
tions to practitioners, emergency rooms, or
hospitalizations. One of these systems, incor-
porating a basal algorithm and a basal plus
insulin algorithm, was tested within a proof-of-
concept study on patients with type 2 diabetes
who were receiving domiciliary nursing care
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under routine conditions [23]. Preliminary
results showed that admissions to the hospital
due to hypo- or hyperglycemic derailment is
substantially reduced while glycemic control is
improved by using this system. Furthermore,
user acceptance (where users included the
nursing staff and affected patients and their
relatives) was high [24]. Also, in people with
type 1 diabetes, remote insulin dose adjust-
ments provided by an electronic algorithm-
based decision support system were investigated
and found to produce results that were nonin-
ferior to physicians’ recommendations in terms
of time in target and safety (e.g., hypoglycemia
and ketoacidosis) [25]. Note that, due to safety
issues, no system that allows the proactive
remote control of insulin therapy has been
launched; therefore, such systems need to be
tested further in a broader population.

Diabetes Screening
It is thought that almost half of all diabetes
cases worldwide are unrecognized. The majority
of these cases are assumed to occur in low- or
middle-income countries [26]. Screening to
identify asymptomatic individuals who are
likely to be affected by diabetes is recommended
for those[45 years of age or those with a pos-
itive family history, those who are overweight/
obese, or those from specific ethnic groups [27].
A simple online tool to estimate the risk of
developing diabetes was launched during the
COVID19 pandemic by Diabetes.uk. This online
service requires user-based input of specific risk
factors for the development of diabetes and uses
this input to estimate the individual’s diabetes
risk. If the tool calculates an increased risk, fast
access to the NHS Diabetes Prevention Program
is guaranteed and can easily be arranged by a
hotline call. Additionally, instructions for
achieving a healthy lifestyle and appropriate
cooking recipes can immediately be gathered
from the website. During the first 3 months
after going live, almost 300,000 people had used
the tool. Of those, 5,000 self-referred to a prac-
titioner for laboratory screening for diabetes
due to positive prescreening results [28].

Lifestyle Modification
The keystone of glycemic control in people with
prediabetes and overt type 2 diabetes remains
dietary adaption and intensification of physical
activity to reduce body weight [29]. Several
telemedical programs have been conducted,
including diabetes prevention programs and
randomized controlled trials. The methods used
included regular phone and video calls, virtual
education sessions, remote exercise and dietary
coaching, as well as virtual physical exercise
sessions. A recent meta-analysis including 17
studies lasting between 3 and 12 months that
employed telemedical lifestyle modification
measures revealed modest reductions in HbA1c
(- 0.3%) and weight (- 0.6 kg), and it was
suggested that automated mobile transmission
or a real-time feedback modality strengthened
the efficacy of these interventions [30].

Telediabetology in Diabetic Foot Care

Video/Telephone Consultations
As well as being useful for evaluating diabetes
therapy and for glucose management, teledia-
betology may also be appropriate for visually
assessing potential diabetes-related complica-
tions. Video calls could be suitable for evaluat-
ing issues that are apparent visually on
presentation, such as diabetic foot syndrome,
skin issues caused by insulin injections or CGM
systems, and technical problems relating to
insulin delivery systems or glucose sensors.

In particular, the monitoring of diabetic foot
ulcers via online consultations has shown a
similar efficacy in terms of healing tendency or
foot-related adverse events (such as amputa-
tions) to frequent, regular onsite visits, as
demonstrated by two randomized controlled
trials [31, 32]. However, in the study conducted
by Rasmussen et al., mortality was higher in the
telemedicine group. The authors could not
explain this finding, but it may be linked to
covariates (smoking status, comorbidities, etc.)
that were not assessed in detail in their study
[32]. Additionally, there was no significant cost
reduction for the group receiving telemedicine
care [33]. In subsequent studies, specific factors
that were critical to effective diabetic foot
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telecare were identified: technology and train-
ing, user-friendliness, people in charge who
facilitate the intervention, the need for support
from leaders, as well as appropriate communi-
cation at the structural level [34, 35].

Screening Devices for Self-Monitoring of Ulcer
Recurrence or Progression
Self-performed patient foot temperature assess-
ments based on various methods of measuring
foot temperature changes substantially influ-
ence diabetic foot ulcer recurrence, as shown in
three well-designed randomized controlled tri-
als [36–38]. The regular application of various
temperature-sensing methods (infrared ther-
mography, liquid–crystal thermography, ther-
mistor-based temperature sensors) at various
points on the foot enables early detection of
potential (re)ulcerations that require urgent
examination at a clinical center while also
eliminating unnecessary patient presentations
at the physician’s office. However, in a study
performed by Skafjeld et al., temperature self-
monitoring was not superior to commonly rec-
ommended visual foot inspections performed
daily [38]. Also, systems for determining tissue
oxygenation with hyperspectral imaging have
been developed. Nevertheless, these devices
have mainly been tested in clinical settings, and
insufficiently defined endpoints are the main
reason why they have not found widespread
application [35]. Similarly, photographic imag-
ing tools that primarily check for changes in
ulcer size have thus far been overlooked in
terms of their potential commercial application
to telemedical monitoring of diabetic foot
problems; future research into such tools is still
required [35].

In summary, patients with diabetic foot
syndrome require clinical attention, education,
and motivation to self-monitor. Further
research into whether telecare methods can be
feasibly, cost-effectively, and safely applied to
this vulnerable cohort of patients is needed.

Telediabetology in Diabetic Retinopathy

Recently, the American Telemedicine Associa-
tion published a practice guideline for ocular

telehealth for diabetic retinopathy (DRP) that
aimed to assist providers in offering safe and
effective medical care when employing tele-
health services, implying that telehealth for the
screening and monitoring of diabetic eye dis-
ease has been widely introduced into routine
clinical care [39]. Ophthalmology, which is
highly visual and image intensive, is optimally
suited for telemedicine and telescreening [40].
In particular, in developing countries, where
access to health care systems is limited and large
proportions of the population live in rural areas,
inexpensive, easily applicable, and reliable tools
and staff who are trained to conduct eye
investigations are needed.

Screening for Diabetic Retinopathy
Impairments in vision are usually asymp-
tomatic early in the development of DRP, soon
after the diagnosis of diabetes of any kind.
Therefore, regular screening for diabetic
retinopathy is recommended given that eye
interventions (e.g., photocoagulation) have the
greatest therapeutic benefit when they are per-
formed during the early stages of DRP [41–43]. A
wide variety of simple retinal cameras that can
be used by trained non-ophthalmologist per-
sonnel have been developed. These systems
have mainly been introduced into clinical
practice in countries with limited financial
resources and/or with limited access to the
usual DRP screening programs. The systems
should help countries to identify people who
require a consultation with an ophthalmologist.
For example, data gained from a feasibility
study performed on more than 1,600 diabetic
individuals living in rural and underserved
regions of North Carolina demonstrated that
access to DRP screenings could be substantially
increased from 25% to more than 40% of all
diabetic individuals. Furthermore, the authors
concluded that those with suspicious results
were more rapidly and selectively referred to an
ophthalmologist [44].

DISCUSSION

Diabetes is a significant public health concern
worldwide, and is estimated to have become the
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seventh leading cause of death in the USA [45].
It is well known that a large proportion of those
with diabetes do not achieve their individual
glycemic goals. In many cases, this can be
attributed to low adherence to therapy or a lack
of awareness of the consequences of uncon-
trolled diabetes (comorbidities and mortality)
[46].

Considering the increasing number of peo-
ple with diabetes worldwide and the large pro-
portion of those people who do not have access
to specialist care, we need to establish time-
saving, cost-effective, user-friendly, and practi-
cable options and alternatives for providing
optimal diabetes care. Thus, we should aim to
implement appropriate diabetes care for those
who have limited access to the health care sys-
tem, particularly those who struggle to perform
regular onsite visits, such as (1) people who live
in rural areas where long distances must be
traveled to reach a clinic, (2) people who are
socially disadvantaged and cannot be properly
integrated into the usual health care supply,
and (3) those who are physically or cognitively
unable to visit health institutions regularly. On
the other hand, in the case where a patient
presents regularly at an outpatient clinic, alter-
native options may be preferable to face-to-face
visits.

In this context, during the COVID19 pan-
demic, health care providers have been
instructed by hospital management to reduce
the number of onsite visits in order to mitigate
the potential for exposure to the virus. Specifi-
cally, people living with diabetes are at consid-
erably higher risk for community-acquired and
nosocomial infections. Therefore, they should
be protected from having to needlessly visit
medical institutions, but they should still
receive adequate care.

Patient care using telemedical solutions has
been introduced into various medical disci-
plines and may offer a practicable alternative to
onsite visits. Progressive advances in digitaliza-
tion and diabetes technology have increased the
applicability of telediabetology as an adjunct to
or replacement for regular onsite presentations.
However, there are several barriers and pitfalls
that explain why it is scarcely employed in
diabetes care. These barriers were summarized

for patients with type 2 diabetes in a systematic
review by Alvarado et al. They distinguish
between barriers that are patient-based (low
education, technology illiteracy, lack of in-per-
son contact with the healthcare provider, low
individual belief inefficacy), technological
access-based (unavailability or expense of the
required technology, no internet access), or
design-based (lack of customization to patient
preferences and needs, lack of transparency,
accuracy, and reliability, lack of timing of
online visits, and intensive workload for
healthcare providers). In addition, increasing
concerns about data protection and the need to
consent to data insight complicate the use of
telemedical solutions. Several suggestions of
ways to eliminate or reduce these barriers have
been tentatively discussed and summarized in a
conceptual model that integrates patient
engagement, accessibility, the compatibility
and usability of technical devices, technology
cost reduction, provider productivity, and
quality of care [47]. Successfully overcoming
these barriers requires motivation, acceptance,
encouragement of the use of health care provi-
ders, political and structural adjustments, col-
laborations with companies working in diabetes
technology, and—most notably—patient
awareness of the need to adopt diabetes care in
an outpatient setting. Lastly, additional scien-
tific evidence gained from randomized con-
trolled trials is needed to obtain strong evidence
of the efficacy and acceptance of
telediabetology.
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heitsberatungsdienstleisungen in der diabetologis-
chen Versorgungspraxis. Diabetes Stoffwechsel und
Herz. 2020;29:277–93.

7. Rho MJ, Kim HS, Chung K, Choi IY. Factors influ-
encing the acceptance of telemedicine for diabetes
management. Clust Comput. 2015;18(1):321–31.

8. Kaur R, Kajal KS, Kaur A, Singh P. Telephonic con-
sultation and follow-up in diabetics: impact on
metabolic profile, quality of life, and patient com-
pliance. N Am J Med Sci. 2015;7(5):199–207.

9. Nobis S, Lehr D, Ebert DD, Baumeister H, Snoek F,
Riper H, et al. Efficacy of a web-based intervention
with mobile phone support in treating depressive
symptoms in adults with type 1 and type 2 diabetes:
a randomized controlled trial. Diabetes Care.
2015;38(5):776–83.

Diabetes Ther (2021) 12:629–639 637

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.2337/cd20-as01


10. von Sengbusch S, Eisemann N, Mueller-Godeffroy
E, Lange K, Doerdelmann J, Erdem A, et al. Out-
comes of monthly video consultations as an add-on
to regular care for children with type 1 diabetes: a
6-month quasi-randomized clinical trial followed
by an extension phase. Pediatr Diabetes.
2020;21(8):1502–15.

11. von Sengbusch S, Doerdelmann J, Lemke S, Lange
K, Hiort O, Katalinic A, et al. Parental expectations
before and after 12-month experience with video
consultations combined with regular outpatient
care for children with type 1 diabetes: a qualitative
study. Diabetes Med. 2020. https://doi.org/10.1111/
dme.14410.

12. Frielitz FS, Dordelmann J, Lemke S, Lange K, Hiort
O, Katalinic A, et al. Assessing the benefits and
challenges of video consultations for the treatment
of children with type 1 diabetes: a qualitative study
among diabetes professionals. Exp Clin Endocrinol
Diabetes. 2020. https://doi.org/10.1055/a-1149-
8814.

13. Doupis J, Festas G, Tsilivigos C, Efthymiou V,
Kokkinos A. Smartphone-based technology in dia-
betes management. Diabetes Ther. 2020;11(3):
607–19.

14. Rodbard D. Continuous glucose monitoring: a
review of recent studies demonstrating improved
glycemic outcomes. Diabetes Technol Ther.
2017;19(S3):S25–37.

15. Polonsky WH, Hessler D, Ruedy KJ, Beck RW, Group
DS. The impact of continuous glucose monitoring
on markers of quality of life in adults with type 1
diabetes: further findings from the DIAMOND ran-
domized clinical trial. Diabetes Care. 2017;40(6):
736–41.

16. Maiorino MI, Signoriello S, Maio A, Chiodini P,
Bellastella G, Scappaticcio L, et al. Effects of con-
tinuous glucose monitoring on metrics of glycemic
control in diabetes: a systematic review with meta-
analysis of randomized controlled trials. Diabetes
Care. 2020;43(5):1146–56.

17. American Diabetes Association. 7. Diabetes tech-
nology: standards of medical care in diabetes—
2019. Diabetes Care. 2019;42(Suppl 1):S71–80.

18. Battelino T, Danne T, Bergenstal RM, Amiel SA,
Beck R, Biester T, et al. Clinical targets for contin-
uous glucose monitoring data interpretation: rec-
ommendations from the international consensus
on time in range. Diabetes Care. 2019;42(8):
1593–603.

19. Burckhardt MA, Fried L, Bebbington K, Hancock M,
Nicholas JA, Roberts A, et al. Use of remote moni-
toring with continuous glucose monitoring in

young children with type 1 diabetes: the parents’
perspective. Diabetes Med. 2019;36(11):1453–9.

20. Ushigome E, Yamazaki M, Hamaguchi M, Ito T,
Matsubara S, Tsuchido Y, et al. Usefulness and
safety of remote continuous glucose monitoring for
a severe COVID-19 patient with diabetes. Diabetes
Technol Ther. 2021;23(1):78–80. https://doi.org/10.
1089/dia.2020.0237.

21. Klonoff DC, Kerr D. Smart pens will improve insulin
therapy. J Diabetes Sci Technol. 2018;12(3):551–3.

22. Adolfsson P, Hartvig NV, Kaas A, Moller JB, Hell-
man J. Increased time in range and fewer missed
bolus injections after introduction of a smart con-
nected insulin pen. Diabetes Technol Ther.
2020;22(10):709–18.

23. Libiseller A, Kopanz J, Lichtenegger KM, Mader JK,
Truskaller T, Lackner B, et al. Study protocol for
assessing the user acceptance, safety and efficacy of
a tablet-based workflow and decision support sys-
tem with incorporated basal insulin algorithm for
glycaemic management in participants with type 2
diabetes receiving home health care: a single-cen-
tre, open-label, uncontrolled proof-of-concept
study. Contemp Clin Trials Commun. 2020;19:
100620.

24. Kopanz JL, Lichtenegger A, Donsa K, Truskaller T,
Lackner B, Aberer F, Pandis M, Reinisch-Gratzer J,
Ambrosch G, Sinner F, Pieber T, Mader J. Effective,
safe and user-accepted basal-insulin therapy in
elderly patients with type 2 diabetes receiving dig-
italy assisted domiciliary nursing care: the glu-
cotab@mobilecare study. Diabetes Technol.
2020;22:A109–10.

25. Nimri R, Battelino T, Laffel LM, Slover RH, Schatz D,
Weinzimer SA, et al. Insulin dose optimization
using an automated artificial intelligence-based
decision support system in youths with type 1 dia-
betes. Nat Med. 2020;26(9):1380–4.

26. Beagley J, Guariguata L, Weil C, Motala AA. Global
estimates of undiagnosed diabetes in adults. Dia-
betes Res Clin Pract. 2014;103(2):150–60.

27. American Diabetes Association. Standards of medi-
cal care in diabetes—2019 abridged for primary care
providers. Clin Diabetes. 2019;37(1):11–34.

28. Diabetes UK, University of Leicester, University
Hospital of Leicester NHS Trust. Know Your Risk
tool. 2020. https://riskscore.diabetes.org.uk/start.
Accessed 22 Oct 2020.

29. American Diabetes Association. 5. Lifestyle man-
agement: standards of medical care in diabetes—
2019. Diabetes Care. 2019;42(Suppl 1):S46–60.

638 Diabetes Ther (2021) 12:629–639

https://doi.org/10.1111/dme.14410
https://doi.org/10.1111/dme.14410
https://doi.org/10.1055/a-1149-8814
https://doi.org/10.1055/a-1149-8814
https://doi.org/10.1089/dia.2020.0237
https://doi.org/10.1089/dia.2020.0237
https://riskscore.diabetes.org.uk/start


30. Michaud TL, Ern J, Scoggins D, Su D. Assessing the
impact of telemonitoring-facilitated lifestyle modi-
fications on diabetes outcomes: a systematic review
and meta-analysis. Telemed J E Health. 2020;.
https://doi.org/10.1089/tmj.2019.0319.

31. Smith-Strom H, Igland J, Ostbye T, Tell GS, Haus-
ken MF, Graue M, et al. The effect of telemedicine
follow-up care on diabetes-related foot ulcers: a
cluster-randomized controlled noninferiority trial.
Diabetes Care. 2018;41(1):96–103.

32. Rasmussen BS, Froekjaer J, Bjerregaard MR, Laurit-
sen J, Hangaard J, Henriksen CW, et al. A random-
ized controlled trial comparing telemedical and
standard outpatient monitoring of diabetic foot
ulcers. Diabetes Care. 2015;38(9):1723–9.

33. Fasterholdt I, Gerstrom M, Rasmussen BSB, Yder-
straede KB, Kidholm K, Pedersen KM. Cost-effec-
tiveness of telemonitoring of diabetic foot ulcer
patients. Health Inform J. 2018;24(3):245–58.

34. Kolltveit BH, Gjengedal E, Graue M, Iversen MM,
Thorne S, Kirkevold M. Conditions for success in
introducing telemedicine in diabetes foot care: a
qualitative inquiry. BMC Nurs. 2017;16:2.

35. Hazenberg C, de Aan SWB, Van Baal SG, Moll FL,
Bus SA. Telehealth and telemedicine applications
for the diabetic foot: a systematic review. Diabetes
Metab Res Rev. 2020;36(3):e3247.

36. Armstrong DG, Holtz-Neiderer K, Wendel C, Moh-
ler MJ, Kimbriel HR, Lavery LA. Skin temperature
monitoring reduces the risk for diabetic foot ulcer-
ation in high-risk patients. Am J Med.
2007;120(12):1042–6.

37. Lavery LA, Higgins KR, Lanctot DR, Constantinides
GP, Zamorano RG, Athanasiou KA, et al. Preventing
diabetic foot ulcer recurrence in high-risk patients:
use of temperature monitoring as a self-assessment
tool. Diabetes Care. 2007;30(1):14–20.

38. Skafjeld A, Iversen MM, Holme I, Ribu L, Hvaal K,
Kilhovd BK. A pilot study testing the feasibility of
skin temperature monitoring to reduce recurrent
foot ulcers in patients with diabetes—a randomized
controlled trial. BMC Endocr Disord. 2015;15:55.

39. Horton MB, Brady CJ, Cavallerano J, Abramoff M,
Barker G, Chiang MF, et al. Practice guidelines for
ocular telehealth-diabetic retinopathy, third edi-
tion. Telemed J E Health. 2020;26(4):495–543.

40. Das T, Raman R, Ramasamy K, Rani PK. Tele-
medicine in diabetic retinopathy: current status
and future directions. Middle East Afr J Ophthal-
mol. 2015;22(2):174–8.

41. Early Treatment Diabetic Retinopathy Study
Research Group. Photocoagulation for diabetic
macular edema. Early treatment diabetic retinopa-
thy study report number 1. Arch Ophthalmol.
1985;103(12):1796–806.

42. Vujosevic S, Aldington SJ, Silva P, Hernandez C,
Scanlon P, Peto T, et al. Screening for diabetic
retinopathy: new perspectives and challenges.
Lancet Diabetes Endocrinol. 2020;8(4):337–47.

43. Solomon SD, Chew E, Duh EJ, Sobrin L, Sun JK,
VanderBeek BL, et al. Diabetic retinopathy: a posi-
tion statement by the American Diabetes Associa-
tion. Diabetes Care. 2017;40(3):412–8.

44. Jani PD, Forbes L, Choudhury A, Preisser JS, Viera
AJ, Garg S. Evaluation of diabetic retinal screening
and factors for ophthalmology referral in a tele-
medicine network. JAMA Ophthalmol.
2017;135(7):706–14.

45. Li S, Wang J, Zhang B, Li X, Liu Y. Diabetes mellitus
and cause-specific mortality: a population-based
study. Diabetes Metab J. 2019;43(3):319–41.

46. Drake TC, Hsu FC, Hire D, Chen SH, Cohen RM,
McDuffie R, et al. Factors associated with failure to
achieve a glycated haemoglobin target of\8.0% in
the Action to Control Cardiovascular Risk in Dia-
betes (ACCORD) trial. Diabetes Obes Metab.
2016;18(1):92–5.

47. Alvarado MM, Kum HC, Gonzalez Coronado K,
Foster MJ, Ortega P, Lawley MA. Barriers to remote
health interventions for type 2 diabetes: a system-
atic review and proposed classification scheme.
J Med Internet Res. 2017;19(2):e28.

Diabetes Ther (2021) 12:629–639 639

https://doi.org/10.1089/tmj.2019.0319

	Application of Telemedicine in Diabetes Care: The Time is Now
	Abstract
	Digital Features
	Introduction
	Available Telediabetology Solutions
	Telephone/Video Calls for Telediabetology
	Advanced Telediabetology Methods Based on New Technologies
	Mobile Applications
	Continuous/Intermittently Scanned Continuous Glucose Monitoring Systems
	Smart Pens
	Decision Support Systems for Insulin Therapy
	Diabetes Screening
	Lifestyle Modification

	Telediabetology in Diabetic Foot Care
	Video/Telephone Consultations
	Screening Devices for Self-Monitoring of Ulcer Recurrence or Progression

	Telediabetology in Diabetic Retinopathy
	Screening for Diabetic Retinopathy


	Discussion
	Acknowledgements
	References




