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Telemedicine can be an effective tool for managing chronic diseases. The disruption in traditional diabetes care resulting
from the COVID-19 pandemic led to global interest in telemedicine.
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| 1. Introduction

Diabetes is one of the most prevalent diseases worldwide. According to the CDC, from 2001 to 2020, the prevalence of
diabetes significantly increased among adults in the United States. Furthermore, the CDC estimated that 37.3 million
people, representing 11.3% of the US population, have diabetes . Notably, the global prevalence is expected to rise to
578 million by 2030 2. Following COVID-19 pandemic declaration, patients with diabetes were found to be at particularly
high risk of intensive care admission (ICU) and mortality from COVID-19 infection, representing a vulnerable population &l
(4518l The advent of the pandemic ushered in a new era in medical care, especially for diabetes, by allowing telehealth to
become a key alternative tool that can help modernize care through the use of tools such as continuous glucose monitors,
smart pens, and smart phones 4. The outbreak of the COVID-19 pandemic created an additional challenge in providing
care for chronic diseases such as diabetes. Given its highly contagious nature and propensity to spread from one person
to another through direct transmission, measures such as social distancing, lockdowns, and travel restrictions were
implemented to mitigate virus spread and reduce hospitalizations in different parts of the world, which led countries to
adapt different strategies [&. In the United States, there was a significant drop in in-person outpatient visits, prompting a
shift towards the use of telemedicine as a consequence . However, the impact of the pandemic extended beyond the

United States and had a major repercussion in care across different countries around the world and medical specialties
[20]

Overall, the change in the landscape of medical care posed a challenge to the way healthcare was delivered.
Consequently, institutions increasingly utilized virtual clinics and telemedicine interventions to provide appropriate care for
patients, including those with diabetes, to protect against COVID-19 infections. Despite the sudden change in care,
telemedicine was positively received by patients 11122, Telemedicine is defined by the Institute of Medicine as “the use of
electronic information and communications technologies to provide and support health care when distance separates the
participants” 23, The Centers for Medicare and Medicaid Services (CMS) describes telemedicine as “the exchange of
medical information from one site to another through electronic communication to improve a patient's health” 141,
Telemedicine can be an effective tool for more than just patients with an established diabetes diagnosis. It can also be
used to navigate challenging situations such as insulin pump training through virtual clinics or management of new-onset
diabetes, circumstances where in-person care were traditionally deemed necessary 121116, Although telemedicine was not
broadly used prior to the onset of the pandemic, it swiftly became an instrumental tool for the care of patients with
diabetes; that, in conjunction with the use of technology such as continuous glucose monitors (CGM), allowed physicians
to provide adequate care and makes telemedicine feasible 14,

| 2. Evidence from Retrospective Studies

Among the retrospective studies published, three of them assessed patients exclusively with type 1 diabetes (T1D) and
included patients who used insulin pumps or MDI as methods of treatment and either CGM or FGM as glycemic
monitoring methods [L8I191[20]

A study conducted with 30 T1D patients on hybrid closed loop (HCL) insulin pumps 28! evaluated glycemic control through
telemedicine across four different time points during the pandemic lockdown period (two weeks before the lockdown, Time
0), during the first two weeks of lockdown (Time 1), last two weeks of lockdown (Time 2), and first two weeks after the



lockdown (Time 3) 8. The study found an improvement in mean glucose value (155 mg/dL in Time 0 vs. 153 mg/dL in
Time 3, p = 0.004), a significant improvement in TIR (68.5% in Time 0 vs. 73.5% in Time 3, p = 0.012) without an increase
in level 1 (54—-69 mg/dL) and level 2 (<54 mg/dL) hypoglycemia. The improvement in TIR was instead associated with a
reduction in TAR.

Another study by Boscari et al. 2], which enrolled 71 T1D patients managed by either MDI or CSlI, analyzed the efficacy
of telemedicine by comparing CGM/FGM combined data gathered four weeks before and four weeks after patients
attended a telephone visit. This showed a reduction in GMI from 7.16 to 7.05%, p = 0.002, a reduction in mean glucose
value from 161.1 mg/dL to 156.3 mg/dL, p = 0.001, a reduction in TAR (>180 mg/dL) from 33.4 to 30.5%, p = 0.002, with
an improvement in TIR (70-180 mg/dL) from 63.6 to 66.4%, p < 0.001. Furthermore, among those managed by CSlI,
there was a reduction in mean glucose value from 157.9 mg/dL to 152.6 mg/dL, p = 0.003 9. No changes were observed
in TBR (<70 mg/dL) with 3.0 vs. 3.2% p = 0.6, respectively.

Alharthi et al. 29 evaluated patients with T1D and compared glycemic control from FGM device data in a total of 101
patients who attended a specialized diabetes clinic during the six-week lockdown period 61 patients attended a
telemedicine visit (TM) and a total of 40 patients did not 2. The study showed improvements in average blood glucose
from 180 mg/dL to 159 mg/dL, p < 0.01 in those who attended a TM visit vs. 159.5 to 160 mg/dL p = 0.99 in those who did
not. An improvement in TIR (70-180 mg/dL) from 46.0% to 55.0%, p < 0.01 vs. 58.0 to 57.0%, p = 0.20, was also
observed. The authors also found a reduction in GMI from 7.7 to 7.2%, p = 0.03 vs. 7.3 to 7.2%, p = 0.65 in those who
attended a TM visit vs. those who did not attend a TM visit, respectively. Additionally, a reduction in TAR (>180 mg/dL)
was noted, without any significant change in TBR (<70 mg/dL) or in hypoglycemic events 29,

Four studies explored the impact of telemedicine on glycemic control in patients with type 2 diabetes (T2D) [211221[23][24]
These studies monitored glycemic control through SMBG, fasting, or postprandial blood glucose. Unlike the studies
mentioned above, none of the subjects used a continuous or flash glucose monitor. In addition, a wide range of
medications, such as insulin, GLP-RA, and SGLT2i, were used for glucose control in these studies; insulin pumps in
patients with type 2 diabetes were not explored.

Scoccimarro et al. [2 evaluated 269 patients and assessed the difference in HbAlc and body weight between the pre-
lockdown and post-lockdown periods (from November 2019 to February 2020 vs. May to June 2020). They found no
deterioration in metabolic profile but rather a slight improvement in HbAlcHbA1c% (7.3% + 3.1% pre-lockdown vs. 7.2% +
3.2% post-lockdown, p < 0.01) and in weight (83.2 + 16.8 kg vs. 81.6 + 16.4, p < 0.01) in the entire cohort.

In another study, Dutta et al. 22 compared glycemic control among a cohort of 96 patients with T2D who were followed for
a six-month period through telemedicine or in-person visits 29, The study found a reduction in HbA1lc from baseline 8.7%
+ 1.8t0 6.9 £ 1.1 in the telemedicine compared to the in-person group, which had a reduction in HbAlc from baseline
8.6% * 2.1% to 7.0% £ 1.0%, p = 0.88 at six months follow-up. A reduction in FPG (fasting plasma glucose) and PPPG
(post prandial plasma glucose) was noted in both groups as well 22,

The clinical effectiveness of telemedicine vs. a traditional care model was evaluated in 200 patients with uncontrolled T2D
(HbAlc > 9%) who attended an outpatient diabetes clinic 23, The telemedicine arm included patients that attended a
virtual clinic between March and June 2020 and the traditional care model included patients who received in-person care
between August and November 2020. The telemedicine group had a reduction of 1.82% + 1.35% (95% CIl = 1.56-2.09, p
< 0.001) when compared to the traditional care model, which had a mean reduction of 1.54% + 1.56% (95% CI = 1.23—
1.85, p < 0.001 [23],

Another study explored the impact of telemedicine on HbAlc in high-risk patients (HbAlc > 8%) with T2D before and after
the implementation of a pharmacist-led telehealth service 24, The study evaluated the change in HbAlc between the pre-
COVID-19 group (August 2019—-February 2020) and the COVID-19 group (March 2020—October 2020). The study showed
an HbAlc reduction of 1.3% in the pre-COVID-19 group vs. 2% in the COVID-19 group at three months follow-up, p =
0.305. An HbA1c reduction of 1.2% in the pre-COVID-19 vs. 2.2% in the COVID-19 group, p = 0.249 at six months follow-
up, was also observed [24],

Finally, three retrospective studies enrolled both T1D and T2D patients to analyze the efficacy of telemedicine during the
state of emergency (2281271 Of these studies, one evaluated outpatient diabetes care and HbAlc levels during the 2020
pandemic to 2019 by comparing the 13 weeks before (pre-period) and after (post-period) the lockdown period (26 May—24
August 2020) with the same time frame in 2019 23, This found a post-period HbAlc of 7.2% in 2020 and 7.2% in 2019 (p
= 0.43) with a change in HbAlc of —0.1 and —0.2 from the pre-period, respectively (p < 0.001). A propensity analysis done
between clinic visits vs. telemedicine visits in 2020 showed a reduction in HbAlc from baseline 7.6 to 7.5%, p = 0.023,



with a difference reduction of —0.15 in the telemedicine compared with the clinic visit group that showed a reduction of
HbA1lc from 7.6 to 7.4%, p = 0.023 with a reduction of —0.23, p = 0.019 favoring clinic visit over telemedicine 28, The
second study conducted a multiple regression analysis of patients with T1D and T2D (N = 2727), which showed that
following adjustment for sex and type of diabetes, lower pre-BMI, lower pre-HbAlc, younger age, and clinic visit and/or
telemedicine visit were associated with a higher chance of achieving an HbAlc < 7% [28] Lastly, a study conducted by
Wong et al. analyzed a cohort of 504 patients with both T1D and T2D) &, The study assessed telehealth consultations
that took place between 1st April 2020 and 1st September 2020 (Visit A) and compared it to the proportion of patients that
attended a face-to-face encounter during the same months in the year 2019 (Visit B) and finally compared it to patients
that attended the clinic between April and September 2020 and had been attending the clinic face-to-face for at least 12
months prior to the onset of the pandemic (Visit C). When assessing HbAlc available at all patients, the study found
improvements in HbAlc of 7.8% + 1.6% at Visit A when compared to 8.1 + 1.4 at Visit B and 8.2 + 1.7% at visit C (p <
0.001). Patients with T2D also had a lower HbAlc at visit A compared to visit B and visit C. However, in patients with T1D,
there was no significant difference in glycemic control between visit A, visit B, and visit C, with an HbAlc of 8.3 + 1.4%,
8.4 +1.7, and 8.4 + 1.8, respectively 27,

| 3. Evidence from Prospective Studies

Three prospective studies evaluated the effect of telemedicine in improving glycemic control in individuals with T1D and
T2D. Two of the three studies enrolled patients with T1D and one enrolled patient with T2D [281291[30]

A pilot study, which included 166 patients with T1D, aimed to evaluate different glycemic outcomes collected during two
virtual visits during the lockdown period 28, The study considered different methods of insulin delivery and glucose
monitoring for its assessment (CSIl + CGM, MDI + CGM, and CSII or MDI + SMBG), showing that TIR increased from
baseline to follow-up visits in all patients). There was a non-statistically significant improvement in TBR and GMI
compared to baseline and statistically significant improvements in TAR and mean daily glucose 28 Notably, the CSII and
MDI+SMBG group displayed better improvements in the TAR from baseline compared to follow-up visits (40.0% + 18.0%
vs. 28.0% + 15.0%, respectively; p = 0.03), a reduction in mean daily glucose (176% 49 mg/dL vs. 150 + 25 mg/dL; p =
0.04), and improvement in GMI (7.5% £ 1.1% vs. 6.9% + 0.6%; p = 0.04), and CV (36.0% + 8.0% vs. 42.0%z+ 9.0%; p =
0.04) compared to the other groups. In a subgroup analysis, the authors found a significant improvement in TIR in those
with a GMI > 7.5% as compared to those with a GMI < 7.5% (28],

Another study enrolled 87 patients with uncontrolled T1D diabetes (GMI > 9%) and followed patients between March and
June 2020 through online visits, conferences, and group sessions 2. The authors evaluated the number of
hospitalizations for DKA and severe hypoglycemia causing loss of consciousness or seizures and, as a secondary
endpoint, reduction in GMI. The participant's outcomes were compared to patient data from patients with HbAlc > 9% in
the TID exchange. The study found fewer hospitalizations for DKA in the enrolled patients vs. T1D exchange (2.2 vs.
6.71%), fewer episodes of severe hypoglycemia in telemedicine vs. T1D exchange (1.1% vs. 7%) and change in mean
GMI of -0.66% (reduced from 9.91 to 9.25%) during this period 22,

Finally, a study assessed 130 T2D patients with HbAlc > 9% who attended a virtual integrated care clinic over four
months during the pandemic. Using Hb1Ac as a marker for glycemic control, this single-arm observational study showed a
decrease in pre-intervention HbAlc from 9.98 + 1.33 to 8.32 + 1.31 (p < 0.001) post-intervention B4,
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