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Abstract
Aims Children with chronic diseases were unable to receive their usual care during COVID-19 lockdown. We assessed the 
feasibility and impact of telehealth visits on the time-in-range (TIR) of paediatric individuals with type 1 diabetes (T1D).
Methods An observational multicentre real-life study. Patients scheduled for an in-clinic visit during the lockdown were 
offered to participate in a telehealth visit. Sociodemographic, clinical, continuous glucose monitor and pump data were 
recorded 2 weeks prior and 2 weeks after telehealth visit. The primary endpoint was change in relative-TIR, i.e. change in 
TIR divided by the percent of possible change (∆TIR/(100-TIRbefore)*100).
Results The study group comprised 195 individuals with T1D (47.7% males), mean±SD age 14.6 ± 5.3 years, and diabetes 
duration 6.0 ± 4.6 years. Telehealth was accomplished with 121 patients and their parents (62.0%); 74 (38.0%) did not transfer 
complete data. Mean TIR was significantly higher for the two-week period after the telehealth visit than for the two-week 
period prior the visit (62.9 ± 16.0, p < 0.001 vs. 59.0 ± 17.2); the improvement in relative-TIR was 5.7±26.1%. Initial higher 
mean glucose level, lower TIR, less time spent at <54 mg/dl range, longer time spent at 180–250 mg/dl range, higher daily 
insulin dose, and single-parent household were associated with improved relative-TIR. Multiple regression logistic analysis 
demonstrated only initial lower TIR and single-parent household were significant, odds ratio: −0.506, (95%CI −0.99,−0.023), 
p=0.04 and 13.82, (95%CI 0.621, 27.016), p=0.04, respectively.
Conclusions Paediatric and young adult patients with T1D benefited from a telehealth visit during COVID-19. However, 
this modality is not yet suitable for a considerable proportion of patients.
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Abbreviations
ADHD  Attention-deficit hyperactivity disorder
CGM  Continuous glucose monitoring
GMI  Glycaemic metabolic index
TIR  Time in range

Introduction

According to standards of medical care for individuals with 
type 1 diabetes (T1D), interval follow-up visits should occur 
at least every 3–4 months, individualized to the patient [1, 2]. 
These visits are for patients’ education, empowerment, and 
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review of care plans. We presume that its rationale is based on 
the need of a periodic HbA1c measurement every 3 months, as 
well as reaching an equilibrium between reimbursement from 
health insurance companies and the burden on the caregiver 
teams. The lockdown secondary to the coronavirus disease 
(COVID-19) enabled assessing the significance of medical 
team input in a single visit.

The COVID-19 pandemic compelled the health public 
authorities to impose extreme steps to slow spread of the 
virus. Lockdown has been recognized as an effective meas-
ure for isolation and social distancing. On March 15, 2020, 
the Israeli population went under nationwide lockdown and 
medical access was limited. Thus, individuals with T1D were 
forced to miss their scheduled in-clinic visits.

Telehealth uses a technology-based virtual platform to 
deliver various aspects of health information, monitoring and 
medical care, including multidisciplinary team input [3, 4]. 
Telehealth’s largest segment is telemedicine, which is gener-
ally defined as the practice of medicine, by a physician, via 
a remote electronic interface. Telehealth involves multidis-
ciplinary caregivers, including physicians, nurses, dietitians, 
psychosocial professionals, and educators [4].

The effectiveness of distal technologies in improving 
T1D management was previously reviewed [5]. The types of 
reported treatments included phone support, e-mailed medical 
support, behavioural therapy, text messaging, phone applica-
tions, and computer games. Most studies reported HbA1c as 
a primary outcome of improvement and examined long-term 
effects [6, 7]. Additional outcome measures were diabetes 
knowledge, quality of life, and diabetes-related distress. Tel-
ehealth appears as an essential tool during the COVID-19 
period [8], safe and effective for new-onset T1D [9]. However, 
we did not find reports on short-term effects of telehealth, in 
children with T1D.

Telehealth has not been common practice for T1D in real 
life in Israel. However, during the lockdown, our teams imple-
mented facets of this modality. We used both real-time vir-
tual consultation (synchronous) and stepwise consultation, 
in which data were uploaded for review by a clinician prior 
to a consult (asynchronous). The context was the delivery of 
medical, dietary, and behavioural care to children and youth 
with T1D. We assessed the feasibility of conducting a single 
telehealth multidisciplinary intervention, and its short-term 
impact on glycaemic metrics of young individuals with T1D. 
We hypothesized that telehealth visits during the COVID-19 
lockdown would lead to short-term improvement in glycaemic 
control.

Research design and methods

Research design

This observational real-life multicentre study is based on data 
retrieved from medical files, continuous glucose monitoring 
systems (CGM), and continuous subcutaneous insulin infusion 
sets (pumps), acquired from Dexcom Clarity, CareLink, and 
Tidepool softwares. CGM and pump data were retrieved for 
the two weeks preceding and the two weeks after the meeting. 
All the meetings were conducted during the Israeli lockdown 
(from March 15, 2020, to April 12, 2020) by the paediatric 
diabetes multidisciplinary teams from the AWeSoMe study 
group.[10–12] The study group includes four paediatric dia-
betes multidisciplinary, university-affiliated clinics in Israel: 
Dana-Dwek Children’s Hospital, Shamir Medical Center, 
Edmond and Lily Safra Children’s Hospital and the National 
Juvenile Diabetes Center, Maccabi Health Care Services. The 
study was performed in accordance with the guidelines of the 
2013 Declaration of Helsinki on human experimentation. Data 
confidentiality and patient anonymity were maintained at all 
times. The patients are not identifiable on an individual level 
either in this article or in the database. Due to the anonymous 
nature and mandatory collection of the information included 
in the dataset, informed consent from patients was not neces-
sary. The study was approved by the local ethics committee of 
each medical centre.

Study set‑up and population

Telehealth visits included video, telephone, and e-mail modali-
ties and involved all the diabetes team members (physicians, 
nurses, dieticians, social workers, and psychologists), accord-
ing to clinical care needs. The study population comprised all 
the individuals with T1D, aged <25 years, who were sched-
uled to have an in-clinic visit at the time of the COVID-19 
lockdown, and instead had a telehealth visit. Technical sup-
port in downloading data from pumps and CGM devices 
was provided when needed. Of 195 individuals and families 
approached, 121 (62.0%) downloaded complete data, with 
more than 70% pump and CGM use (full data group). Of the 
74 (38.0%) with less usage or with incomplete data (partial 
data group), 36 (18.5%) transferred partial data with handwrit-
ten doses of insulin and glucose metre readings, 20 (10.3%) 
had technical difficulties downloading data, and 18 (9.2%) 
requested to postpone the visit (Fig. 1).

Data

The information retrieved from medical files included: 
demographic characteristics (age, sex, households (sin-
gle/ two parents), socio-economic position (SEP), by home 
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address (SEP cluster and SEP index), based on the Israel 
Central Bureau of Statistics’ Socio-Economic Level of the 
Population 2015 [13], diabetes duration, mode of insulin 
therapy (multiple daily injections or pump) and coexist-
ent morbidity including autoimmune diseases (thyroid and 
celiac) and attention-deficit hyperactivity disorder.

The information retrieved from the two-week ambu-
latory glucose profile reports included: percent time 
spent in various glycaemic ranges: time-in-range (TIR) 
(70–180mg/dL; 3.9–10 mmol/L), severe hypoglycaemic 
range (<54 mg/dL; <3 mmol/L), mild hypoglycaemic 
range (54–70 mg/dL; 3–3.8 mmol/L), moderate hyper-
glycaemic range (180–250 mg/dL; 10–13.3 mmol/L), and 
severe hyperglycaemia (>250mg/dL; >13.3 mmol/L); 
coefficient of variation (CV), percent time CGM active, 
mean glucose levels (mg/dL), and estimated HbA1c (%, 
mmol/l) glucose management indicator (GMI) [14].

The information retrieved from the two-week pump 
downloaded reports included the reported amount of car-
bohydrates, the mean total daily dose of insulin (TDDi), 
and the mean percent of basal or long-acting insulin.

The relative change in TIR was calculated as the ratio 
of the difference in TIR for the two-week period after, 
compared to the two-week period prior, the telehealth 
visit (TIR after-TIR before), and the patient’s potential 
improvement (100-TIR before)*100. This parameter ena-
bles distinguishing those with the most room for improve-
ment (lower initial TIR) from those who were already 
mostly in the target TIR, and had little room to improve.

Behavioural characteristics of the lockdown period were 
assessed, including sleeping pattern, participation in school 
zooming and physical activity. At the end of the telehealth 
visit, individuals with T1D and their family members were 
asked whether they had benefited from the telehealth visit 
and whether they were interested in future telehealth visits 
in addition to in-clinic visits. The possible response ranged 
from 1 to 5 on a Likert scale, from not beneficial and not 
interested, to very beneficial and very interested.

Outcome measures

Primary outcome measures were: (a) the relative change in 
TIR after the telehealth visit, and (b) the parameters associ-
ated with relative change in TIR. The secondary outcome 
measures were: (a) the characteristics of patients for whom 
a telehealth visit may not be suitable.

Statistical analysis

Power analysis showed that a sample size of 113 would 
achieve 80% power to detect a difference of 4.0% in TIR 
between the actual mean of 7.0 and the null-hypothesized 
mean of 3.0, with an estimated standard deviation of 15.0 
and with a significance level (alpha) of 0.050 using a two-
sided one-sample t-test.

Categorical variables were described using frequen-
cies and percentages. Continuous variables were examined 
for normal distribution using histograms, Q-Q plots, and 

Fig. 1  Flowchart of individuals 
with T1D who were sched-
uled to have an in-clinic visit 
at the time of the COVID-19 
lockdown. The diagram shows 
the numbers of patients who 
did and did not have telehealth 
visits, according to their having 
full downloaded data avail-
able. CGM: continuous glucose 
monitor

Incomplete 
data

Technical 
problems

Opted to 
postpone visit

n=36 n=20 n=18
(18.5%) (10.3%) (9.2%)

Full Data Group

Partial Data Group

Telehealth accomplished with full 
downloaded data of both pump and 
CGM, both used for more than 70% 

of the time, n=121 (62.0%)

Partial telehealth visit 
N=74 (38.0%)

Individuals with T1D ages <25 years, who had a scheduled face to face clinic visit at 
the time of the COVID-19 lockdown and instead were offered a multidisciplinary 
telehealth  visit by one of the team members , n=195
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Kolmogorov–Smirnov test. Normally distributed continuous 
variables were expressed as means ± standard deviations 
(SDs) and skewed variables as medians and interquartile 
ranges. The cohort was stratified according to full and partial 
availability of downloaded data for telehealth visits. Groups 
were compared using the Chi-Square test or Fisher’s exact 
test for categorical variables and independent samples t-test 
or the Mann–Whitney test for ordered and continuous vari-
ables, as appropriate. Paired sample t-test and Wilcoxon test 
were used to compare continuous variables between the two 
2-week periods examined. The McNemar test was used to 
compare categorical variables, Pearson correlation coeffi-
cient to evaluate associations between normally distributed 
continuous variables, and Spearman correlation coefficient 
to evaluate associations between continuous variables not 
normally distributed. Associations between relative improve-
ment in TIR and categorical variables were examined using 
independent sample t-test or ANOVA. Multivariate linear 
regression was used to examine the association between rela-
tive improvement in TIR and all automated metrics derived 
from pumps and CGMS, prior to the intervention. The back-
ward method was applied for variate selection. P > 0.1 was 
a criterion for removal. The linear regression was evaluated 
to meet assumptions (lack of multicollinearity-VIF<5, nor-
mal distribution and homoscedasticity of the residuals). All 
statistical tests were two-sided. Statistical significance was 

defined as p <0.05. The statistical analyses were performed 
by SPSS software (IBM SPSS STATISTIC version 24, IBM 
CORP., Armonk, NY, USA, 2016).

Results

The study cohort comprised 195 individuals (47.7% males), 
mean±SD age 14.6 ± 5.3 years (range 1.0–24.7 years), mean 
age at T1D diagnosis 8.6 ± 4.3 years, and mean diabetes 
duration 6.0 ± 4.6 years. The demographic, socio-economic, 
and clinical characteristics of the study population, accord-
ing to data availability (full data and partial data groups), are 
presented in Table 1. Individuals with full data were younger 
(13.4 ± 5.3 vs. 16.5 ± 4.4, p<0.001), had higher SEP index 
and cluster, had shorter diabetes duration (5.2 ± 4.4 vs. 7.1 
± 4.7, p<0.001), and used pumps (80% vs. 63%, p<0.001).

Associations of telehealth with glycaemic control 
parameters

Table 2 presents CGM metrics, pump data, and behavioural 
parameters prior and two-week post-telehealth visits for 121 
individuals with full downloaded data.

Glycaemic ranges improved significantly following 
the telehealth visits. The percent of TIR increased from 

Table 1  Sociodemographic and diabetes-related characteristics of paediatric patients with type 1 diabetes (T1D) stratified by the availability of 
full or partial downloaded data during telehealth intervention

Data are presented as mean ± standard deviation for normally distributed parameters, median and interquartile range for skewed parameters, and 
percent for categorical data
* HbA1c drawn at the last clinic visit
ADHD, Attention-deficit/hyperactivity disorder; CGM, Continuous Glucose Monitoring, SEP, socio-economic position, T1D, type 1 diabetes

Full data group N=74 Partial data group N=121 p value

Demographic characteristics Sex, male (%) 51.4 45.5 0.424
Age, years 16.5 ± 4.4 13.4 ± 5.3 <0.001
SEP cluster 7.0 (5, 8) 8 (7, 9) <0.001
SEP index 0.5 (0.1, 1.3) 1.2 (0.5, 1. 8) <0.001
Two-parent household (%) 78.1 86.8 0.11
Number of children 3 ± 1 3 ± 1 0.23

Diabetes-related characteristics Age at T1D diagnosis, years 9.4 ± 4.5 8.1 ± 4.1 0.05
Diabetes duration, years 7.1 ± 4.7 5.3 ± 4.4 0.006
*HbA1c, % 7.9 (7.0, 8.5) 7.6 (6.9, 8.1) 0.081
*HbA1c, mmol/mol 63.0 (53.0, 69.0) 60.0 (52.0, 65.0)
Insulin pump therapy 63.5 80.2 <0.001

Comorbid conditions (%) Celiac disease 8.1 13.2 0.27
Hashimoto thyroiditis 6.8 4.1 0.51
ADHD 16.2 24.0 0.48

Means of telemedicine Video call 33. 8 85.1 <0.001
Telephone call 62.2 12.4
E-mail mean of contact 4.1 2.5
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59.0 ± 17.2 to 62.9 ± 16.0%, p<0.001. The percent time 
spent in the severe hypoglycaemic range decreased sig-
nificantly: from 0.5 (IQR 0, 2) to 0.5 (IQR 0, 1.1), as did 
the percent time in the hyperglycaemic range: from 32.0% 
(IQR 20.0, 42.1) to 28.6% (IQR 19.0, 37.3), to p=0.005. 
The respective mean glucose levels were 164 ± 29 mg/dL 
and 160 ± 26 mg/dL, p=0.001; and the estimated HbA1c 
(GMI): 56.8 ± 9.3 mmol/mol (7.35 ± 0.85%) and 55.2 ± 
8.9 mmol/mol (7.20 ± 0.81%), p <0.001.

The mean change in relative-TIR was 5.7 ± 26.1%. 
Table 3 presents parameters associated with improvement 
in relative-TIR in a univariate analysis. These parameters 
included living in a single-parent household, and a num-
ber of initial glycaemic parameters: higher mean glucose 
level, less time spent at range, and at hypoglycaemic 
range <54 mg/dL, more time spent in the 180–250 mg/dL 
range, higher TDDi, and a greater amount of carbohydrate 
consumption reported. A multiple regression logistic 
analysis that included all automated metrics derived from 
pump and CGMS parameters demonstrated only initial 
lower TIR (OR −0.506 [95%CI −0.99,−0.023], p=0.04) 
and living in a single-parent household (OR 13.8 [95%CI 
0.6, 27.1], p = 0.04) (Fig. 2) to be significant. These 
two characteristics explained 18% of the improvement in 
relative-TIR.

Patient satisfaction from telehealth

All patients and parents from the full-data group answered 
the questionnaires. Of them, 86.7% reported significant ben-
efit and 74.2% were very interested in combining telehealth 
in future management. Of 74 individuals from the partial 
data group, 34 (45.9%) had telehealth visits, 22 (64.7%) 
reported considerable benefit and 18 (53.6%) were very 
interested in combining telehealth in future management. 
These differences were significant between the groups, 
p=0.047 for assessment of benefit, and p=0.008 for future 
interest in telehealth.

Discussion

This real-life study demonstrated the short-term effective-
ness of a synchronous/asynchronous telehealth visit, per-
formed during the COVID-19 pandemic as a substitute for 
the traditional scheduled in-clinic visit. A telehealth visit 
with full available glycaemic parameters was achieved in 
two-thirds of our cohort. During the two weeks after the 
telehealth visit, significant improvement was shown in TIR 
and GMI, with less time spent in the severe hypoglycaemic 
and hyperglycaemic ranges. Individuals who benefitted most 
from telehealth visits were those with lower baseline TIR 
and from single-parent households.

Table 2  Glucose metrics, 
insulin requirements, and 
behaviour characteristics for the 
two weeks preceding and the 
two weeks following telehealth 
visits, for individuals from the 
full data group, n=121

Data are presented as mean ± standard deviation for normally distributed numerical data, median and inter-
quartile range for skewed numerical data, and percent for categorical data
* School zooming was applicable for 6–16-year-old patients only, n=74.
# Sleep pattern changes were applicable for 6–25-year-old patients only, n=116
CGM, continuous glucose monitoring, TDD-total daily dose, GMI, glycaemic metabolic index

Before telehealth visit After telehealth visit P value

% Time-in-range, (70–180 mg/dl) 59.0 ± 17.2 62.9 ± 16.0 <0.001
% Time < 54 mg/dL 0.5 (0.0, 2) 0.5 (0.0, 1.1) 0.05
% Time in 54–70 mg/dL 2.6 (1.0, 5.3) 2.3 (1.0, 5.0) 0.87
% Time in 180–250 mg/dL 32.0 (20.0, 42.1) 28.6 (19.0, 37.3) 0.005
% Time > 250 mg/dL 8.8 (3.6, 19.0) 8.0 (2.0, 12.6) <0.001
Coefficient of variation, % 37.1 ± 7.1 35.6 ± 7.2 0.002
% Time CGM Active 92.8 (85.0, 97.2) 92.4 (85.8, 97.1) 0.16
Mean glucose, mg/dL 164 ± 29 160 ± 26 0.001
Estimated HbA1c (GMI), % 7.35 ± 0.85 7.20 ± 0.81 <0.001
Estimated HbA1c (GMI), mmol/mol 56.8 ± 9.3 55.2 ± 8.9
Mean TDD (unit/kg/d) 0.8 (0.6, 1.9) 0.8 (0.6,1.0) 0.19
% Basal insulin per day 44 (38, 54) 45 (39, 51.5) 0.55
Mean daily carbohydrate (gram) 135 (100, 175) 140 (108, 178) 0.48
Physical activity (hours/week) 2 (0, 4) 3 (1, 5) <0.001
#Sleep pattern changes (% of patients) 31.9 29.2 0.47
*Scholl zooming (% of patients) 75.7 86.8 0.008
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During the COVID-19 period, telehealth need was acute, 
and its effect in prevention of DKA [15] and in manage-
ment in new-onset T1DM were reported [9]. Furthermore, 
we showed that the lockdown itself, without intervention had 
no detrimental effect on glycaemic control [16]. The first les-
son from this study is that interventions and diabetes plans 
should be adapted according to circumstances. This lesson is 
not relevant only to the COVID-19 pandemic lockdown, but 

should be extrapolated to health care in normal periods. For 
those enthusiastic about the approach, periodic telehealth 
visits could help maintain the frequency of follow-up in the 
non-COVID19 era, by mitigating for long distances from 
paediatric diabetes centres. One study reported a high rate 
of missed visits, especially among patients with poor glycae-
mic control, and concluded that approaches to maximizing 
attendance, such as virtual visits should be explored [17]. 

Table 3  Correlations between 
improvement in relative-
time in range (TIR) and 
sociodemographic, behavioural, 
and diabetes-related 
characteristics of the study 
cohort, n=118

r - Pearson correlation coefficient and Spearman’s correlation coefficient were used to evaluate associations 
between normally and abnormally distributed continuous variables, accordingly.
NA -The association between the relative improvement in TIR and categorical variables was studied using 
independent sample T-test or ANOVA.
^For three of the 121 participants with full CGM data, TIR could not be assessed due to technical reasons.
* HbA1c drawn at the last clinic visit, during the last 6 months from the digital visit.
$ School zooming were applicable for ages 6-16 years only, n=74.
# Sleep pattern changes were applicable for ages 6-25 years only, n=116
CGM, continuous glucose monitoring, TDD, total daily dose, ADHD, attention-deficit/hyperactivity disor-
der, SEP, socio-economic position.

Characteristic Relative change in TIR

r-Correlation 
coefficient

P value

Demographics Sex NA 0.69
Age −0.02 0.86

Diabetes-related characteristics Age at T1D diagnosis −0.04 0.64
Diabetes duration −0.04 0.70
Prior mean glucose 0.22 0.015
Prior *HbA1c −0.05 0.60
Prior time-in-range −0.35 <0.001
Prior time < 54 mg/dL −0.20 0.04
Prior time 54–70 mg/dL −0.10 0.29
Prior time 180–250 mg/dL 0.31 0.001
Prior time > 250 mg/dL 0.17 0.08
Prior coefficient of variation −0.03 0.75
Prior % time CGM active 0.00 0.97
Prior TDD (units/kg/d) 0.28 0.003
Prior basal −0.18 0.06
Prior mean daily carbohydrates (gram/d) 0.34 0.001

Behavioural #Sleep pattern NA 0.36
Physical activity 0.000 0.99
$School zooming NA 0.26

Medical team recommendations Dietary recommendations NA 0.09
Insulin recommendations NA 0.23
Behavioural recommendations NA 0.95

Social data SEP cluster −0.05 0.60
SEP index −0.05 0.58
One-parent household NA 0.003
Number of children −0.11 0.24

Medical state Celiac disease NA 0.95
Hashimoto thyroiditis NA 0.27
ADHD NA 0.78
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Furthermore, frequently cancelled appointments are asso-
ciated with frustration with self-care [18] and with dete-
rioration in glycaemic control [17, 19]. Therefore, efforts 
should be made not to postpone or miss visits, and clinicians 
should reinforce families for keeping close contact with their 
medical teams. In real life, the immediate impact of in-clinic 
visits and changes in insulin plans made by the medical 
team are hard to evaluate. Between visits, various life cir-
cumstances may impact glucose level such as weight gain, 
holidays, vacations, and participation in sport activities. The 
COVID-19 lockdown enabled us to assess the benefit of a 
single telehealth contact with the medical team. It is reas-
suring that CGM metrics improved despite the challenging 
situation of lockdown.

Percentages of TIR and of time spent in the severe hypo-
glycaemic and hyperglycaemic ranges may be the preferred 
metric for determining outcomes of clinical studies that 
assess glycaemic control [20]. This study demonstrates 
improvement in glycaemic control, by significantly less time 
spent in the severe hypoglycaemic range and less time spent 
in both hyperglycaemic and severe hyperglycaemic ranges, 
and more time spent in range. Treatment of severe hypogly-
caemic episodes is often associated with elevated glucose 
levels post event. Furthermore, the unpleasant symptoms 
and negative consequences associated with hypoglycaemia 
may result in significant anxiety or even a fear of hypogly-
caemia, which is one of the chief barriers to optimal glycae-
mic control in T1D [21]. Therefore, successful reductions 
in time spent in the severe hypoglycaemic and in the hyper-
glycaemic ranges possibly reflect the importance of close 
contact with the medical team.

The second lesson learned from this study is that tele-
health visits are beneficial to diverse populations. Previous 
studies assessing telemedicine in individuals with T1D have 
shown the mixed results. A meta-analysis reported a role 
of telemedicine in glycaemic management, particularly in 
adults [22]. However, the studies examined were character-
ized by a high level of heterogeneity, including diversity 
of definitions of telemedicine. These included devices such 
as telephone, modems, mobile phones, and websites; thus, 

assessing treatment efficacy was difficult [22]. Moreover, 
most studies assessed the long-term impact of telehealth [4]. 
We assessed the short-term benefit of a single telehealth 
visit, according to downloaded data on glycaemic control. 
We assessed the change in TIR after intervention per indi-
vidual. The clinical relevance of the effect of a change in 
TIR depends on the initial TIR. Individuals with lower TIR 
need a greater change for the improvement to be clinically 
meaningful. Therefore, we used the relative-TIR param-
eter to analyse characteristics of individual patients who 
improved significantly. Our findings show that those who 
most improved from the telehealth visit had lower TIR prior 
the telehealth visit. This concurs with previous interven-
tions that showed greater benefit to patients with suboptimal 
or poor glycaemic control than to those with good control 
[23]. This finding suggests that tailoring telehealth visits in 
between in-clinic visits may improve adherence and glycae-
mic control, especially among those needing it the most.

The complexity of T1D treatment requires intensive 
involvement of families in the diabetes care of their chil-
dren. Data from two decades ago show that children with 
diabetes from single-mother families had poorer glycaemic 
control than children from two-parent families [24]. Age 
and missed clinic appointments predicted HbA1c levels in 
those single-mother families [24]. In the current study, lone 
parenting versus two-parent households was associated with 
greater improvement in relative-TIR. We speculate that stay-
ing at home during the COVID-19 lockdown enabled single 
parents to be more involved in the treatment and to improve 
glucose control.

For 18% of the individuals with T1D with a scheduled 
in-clinic visit during the COVID-19 lockdown, glycaemic 
data could not be downloaded and were only available by 
fax or e-mail. This precluded calculating glycaemic param-
eters. Nevertheless, 65% of these patients and their parents 
were satisfied with the telehealth visit. This compares with 
90% of those for whom full glycaemic data were down-
loaded. Furthermore, 50% and 75%, respectively, were 
very interested in combining telehealth in future manage-
ment with in-clinic visits. Previous studies showed that the 

Fig. 2  Multiple regression 
logistic analysis. A multiple 
regression logistic analysis of 
parameters that were associ-
ated with individual improved 
relative-TIR
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opportunity to connect remotely to a caregiver promotes 
patient satisfaction and engagement [25, 26]. Nine percent 
of the families in our study opted to postpone telehealth 
visits. This collaborates reports that some families were 
not willing to replace in-clinic visits with telehealth visits, 
had technical problems, or lacked the skills needed to par-
ticipate in a telehealth visit. Therefore, telehealth appears 
not to be a solution for all individuals. Personal tailoring 
of treatment is needed.

This study has some limitations. We did not examine 
the effectiveness of the telehealth visit in normal life of 
changing physical activity, eating out, and concerns relat-
ing to schooling and interacting with peers. The benefits 
of face-to-face and telehealth visits were not compared; 
therefore, we can only suggest telehealth as a tool when 
distance or clinic visit are an issue. Further, we did not 
compare our findings to individuals who did not have 
any visit during the COVID-19 lockdown, as previously 
described to be of no worsening effect [16, 27, 28].

In conclusion, although the setting of our study during 
the COVID-19 lockdown was a unique period of time, our 
findings highlight the benefit of close encounters with the 
medical staff, specifically for those with poorer glycae-
mic control. We believe that in-clinic, face-to-face visits 
are essential, particularly for children, who need physical 
examinations and evaluations of their growth and puberty. 
However, since frequent adjustments in insulin doses are 
integral to T1D management, add-on telehealth visits in 
between in-clinic visits in a suitable setting for children 
and their families may be beneficial and should be part of 
our tool-box for management.
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