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Key Messages

� An unprecedented shift to telemedicine allowed continued provision of care to children with type 1 diabetes during the COVID-19
pandemic.

� This study shows a dramatic drop in growth, blood pressure and glycated hemoglobin measurements 1 year into the pandemic.
� There are still many challenges with telemedicine for pediatric diabetes care. Hybrid care models and innovative solutions are
needed.
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a b s t r a c t

Objectives: Our aim in this study was to compare rates of anthropometric, blood pressure (BP) and glycated
hemoglobin (A1C) measurements and laboratory screening for hypothyroidism, nephropathy and dyslipi-
demia in children and youth with type 1 diabetes (T1D), 1 year before and after the onset of COVID-19.
Methods: Clinical data were analyzed from a voluntary registry of children and youth with T1D followed
at the BC Children’s Hospital between March 2019 and 2021. Logistic and Poisson mixed-effect models
were used.
Results: Four hundred forty patients with a median (interquartile range) age and time since diagnosis of
12.7 (9.5 to 15.4) and 4.7 (2.6 to 7.9) years, respectively, were included. Clinic visits were all in-person
before March 2020, and 99% via telemedicine afterward. The median number of visits per patient was 2
(interquartile range, 2 to 3), with a 6% increase during the pandemic (relative risk [RR], 1.06; 95% confidence
interval [CI], 1.01 to 1.10). There was a substantial decrease in height, weight and BP measurements (RR,
0.32; 95% CI, 0.28 to 0.36; RR, 0.34, 95% CI, 0.31 to 0.38; RR, 0.005, 95% CI, 0.002 to 0.014, respectively); only
49% of patients had anthropometric data and 1% had BP data during the pandemic year, compared with
>97% before the pandemic. A1C measurements dropped from 3 (interquartile range, 2 to 4) to 1 (inter-
quartile range, 1 to 2) per patient per year (RR, 0.53; 95% CI, 0.48 to 0.57). Rates of screening investigations
were suboptimal before the pandemic, and these rates continued to decline.
Conclusions: Shifting to telemedicine allowed ongoing care during the pandemic, but the frequency of
anthropometric, BP and A1C measurements decreased dramatically. A combined telemedicine/in-person
model may be needed to ensure adequate care for this population.
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Objectifs : L’objectif de notre étude était de comparer le nombre de mesures anthropométriques, de la

pression artérielle (PA) et de l’hémoglobine glyquée (A1c) au taux de dépistage en laboratoire de l’hy-
pothyroïdisme, de la néphropathie et de la dyslipidémie chez les enfants et les jeunes atteints du diabète
de type 1 (DT1) 1 an avant et après l’apparition de la COVID-19.
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Méthodes : Nous avons analysé les données cliniques d’un registre volontaire d’enfants et jeunes atteints
du DT1 suivis au BC Children’s Hospital entre mars 2019 et 2021. Nous avons utilisé des modèles mixtes
de régression logistique et de régression de Poisson.
Résultats : Nous avons sélectionné 440 patients, dont l’âge médian (écart interquartile) et la durée depuis
le diagnostic étaient respectivement de 12,7 (de 9,5 à 15,4) et de 4,7 (de 2,6 à 7,9) ans. Avant mars 2020,
les consultations cliniques avaient lieu en personne. Par la suite, 99 % des consultations se sont déroulées
en télémédecine. Le nombre de consultations par patient était de 2 (de 2 à 3), avec une augmentation de
6 % durant la pandémie (risque relatif [RR], 1,06; intervalle de confiance [IC] à 95 %, de 1,01 à 1,10). Il y a
eu une diminution substantielle des mesures de la taille, du poids et de la pression artérielle (RR, 0,32; IC
à 95 %, de 0,28 à 0,36; RR, 0,34, IC à 95 %, de 0,31 à 0,38; RR, 0,005, IC à 95 %, de 0,002 à 0,014,
respectivement); seuls 49 % des patients ont eu des données anthropométriques, et seul 1 % ont eu des
données sur la pression artérielle, durant l’année de la pandémie, contre > 97 % avant la pandémie. Les
mesures de l’A1c sont passées de 3 (de 2 à 4) à 1 (1 à 2) par patient par année (RR, 0,53; IC à 95 %, de 0,48
à 0,57). Les taux d’examens de dépistage qui étaient sous-optimaux avant la pandémie n’ont pas cessé de
diminuer.
Conclusions : La transition vers la télémédecine a permis de poursuivre les soins durant la pandémie,
mais la fréquence des mesures anthropométriques, de la pression artérielle et de l’A1c a considérable-
ment diminué. Un modèle combiné de consultations en personne et en télémédecine peut s’avérer
nécessaire pour que cette population reçoive des soins adéquats.

� 2022 Canadian Diabetes Association.
Introduction

Delivery of care for patients with different chronic conditions
has undergone a dramatic change because of the COVID-19
pandemic (1,2). Particularly during the early stages of this
pandemic, there has been a substantial decrease in the use of in-
person outpatient health-care services (3,4). In this setting, tele-
medicine, defined as the use of electronic information and
communication technologies to provide health care when dis-
tance separates the participants (5), has been an incredibly valu-
able tool (6,7).

During this challenging time, the feasibility and effectiveness
of telemedicine have been documented in the management of
hospitalized patients with type 1 diabetes (T1D) and the pro-
vision of diabetes education (8,9). Furthermore, there is evi-
dence supporting the efficacy of telemedicine interventions for
outpatient diabetes care (10e12). There have been discrepant
findings regarding glycated hemoglobin (A1C) trends in children
and youth with T1D during the lockdown due to the pandemic,
with some studies showing increased levels and others report-
ing no significant changes (13e16). However, it has been pro-
posed that telemedicine and diabetes technology have been key
to maintaining or even improving glycemic management (16).
This model is now standard practice in many centres worldwide,
and it seems likely that it will become a permanent component
of diabetes care (17,18).

Despite the benefits of telemedicine, some aspects of in-person
visits cannot be replaced easily. As per current standards of care,
children and youth living with T1D should have regular physical
exams, with height, weight and blood pressure (BP) measurements,
and laboratory investigations including A1C, albumin-to-creatinine
ratio (ACR), thyrotropin (TSH) and lipid profile (19e22). Adhering to
these recommendations may be challenging with telemedicine,
especially in the current context of the pandemic (23). A large
national laboratory in the United States reported a marked decline
in A1C test volumes during March and April 2020 (24). Also, a
recent study in Latin America showed that children with T1D had
fewer A1C measurements in 2020 compared with 2019 and 2018
(25). To our knowledge, there are no similar studies among children
and youth living with diabetes in North America.

Early in the pandemic, in accordance with provincial recom-
mendations, the diabetes clinic at the BC Children’s Hospital (BCCH)
underwent a rapid shift for all routine visits from in person to
telemedicine. In this context, we set out to evaluate the compre-
hensiveness of care of children and youth with T1D by comparing
the rates of measurement of height, weight, BP, A1C and laboratory
screening for hypothyroidism, dyslipidemia and nephropathy, 1
year before and after the onset of the COVID-19 pandemic.

Methods

Setting

The BCCH is the only pediatric tertiary care hospital in British
Columbia (BC), Canada. The diabetes clinic at the BCCH serves
approximately 700 (of the >2,000) children and youth living with
diabetes from across the province (26). Before the COVID-19
pandemic, most patients were seen, on average, 2 times per year,
in person, by a multidisciplinary diabetes team (i.e. doctor, nurse,
dietitian and social worker). During this time, only a small fraction
of patients living in rural/remote areas or far away from BCCH had
telemedicine visits, in which both local care providers and the
BCCH diabetes clinic team participated. In-person visits were
scheduled for approximately 90 minutes and included a physical
exam, anthropometric and BP measurements and a point-of-care
A1C measurement. Families were advised to have A1C measure-
ments in between clinic visits if the visits were >3 months apart.
They also received requisitions for laboratory screening investiga-
tions: TSH levels yearly, lipid profile (total cholesterol, low-density
lipoprotein, high-density lipoprotein and triglycerides) at age 10
and 18 years or before transition to adult care, and ACR yearly,
starting 5 years after the initial diagnosis in youth �12 years of age.
These indications for screening were agreed upon by a multidisci-
plinary team, based on international clinical practice guidelines
(19e23). Investigations could be done at the BCCH laboratory
immediately after a clinic visit or later at a community-based
laboratory.

With the onset of the COVID-19 pandemic, all routine diabetes
clinic visits were shifted to telemedicine. Visits were conducted
using video-conferencing platforms (Skype for Business or Zoom)
or, alternatively, by phone. Patients and caregivers received
instructions to perform height and weight measurements at
home, and BP measurements were not requested. Orders for
laboratory investigations (A1C and other screening tests, when
indicated) were sent via postal mail, and families were respon-
sible for booking outpatient appointments at their closest



Table 1
Baseline characteristics of patients (N¼440) *

Characteristics Value

Gender male, n (%) 236 (54)
Age, median (IQR) 12.7 (9.47e15.42)
Time since diagnosis, median (IQR) 4.7 (2.55e7.88)
A1C, median of patient medians y (IQR) 7.9 (7.2e8.7)
Pump use y, n (%) 200 (46)
Sensor use y, n (%) 196 (45)

A1C, glycated hemoglobin; IQR, interquartile range.
* Total¼393 patients with visits in both study periods, with 41 and 6 patients seen

only in period 1 and period 2, respectively.
y During study period 1.
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laboratory. To ensure all patients could be seen, telemedicine
visits were scheduled for 30 minutes and only with a physician. A
nurse educator, social worker and/or dietitian would join these
visits upon request. In many cases, patients themselves did not
participate in the visits, but rather only their parents or caregivers
(27). In-person visits were arranged on a case-by-case basis, when
a physical exam was considered urgent or in-person education
was required.

Study design

This was a retrospective review of data from the BC Pediatric
Diabetes Registry (BC-PDR). The BC-PDR is a voluntary registry,
which collects de-identified clinical data of patients with diabetes
<19 years of age, to support quality improvement research. By
January 2021, 590 of 682 potential participants at the BCCH Dia-
betes Clinic (86.5%) had provided consent to be part of the BC-PDR
(28).

The BC-PDR includes patient-level and visit-level information.
Most data are recorded on a paper medical chart by the physician
during clinic visits and transcribed into the electronic database by a
research assistant. In addition, results from laboratory tests are
extracted from the electronic health records and manually entered
into the database. Comprehensive training of research assistants,
standardization of data collection, data validation and automatic
data checks in the database have been implemented to optimize
data quality (28).

Children and youth with T1D followed at the BCCH, aged 0 to 19
years, whose families consented to be part of the BC-PDR, and who
had at least 1 clinic visit between March 19, 2019, and March 18,
2021, were included in this study. The following were considered
exclusion criteria: i) having had a telemedicine visit before March
18, 2020; ii) having been diagnosed with T1D during the study
period; and iii) being �18 years old by March 19, 2020, with no
clinic visits after this date, indicating transition to adult care before
the onset of COVID-19.

Exposure

We defined 2 study periods: study period 1, or “pre-COVID
pandemic,” from March 19, 2019 until March 18, 2020; and study
period 2, or “during the COVID pandemic,” fromMarch 19, 2020, to
March 18, 2021.

Outcomes

The following outcomes were considered: height, weight and BP
measurements; A1C; TSH; ACR; and lipid profile (total cholesterol,
high-density lipoprotein and triglycerides) testing. These were
analyzed by patient and by visit, as count (number of measure-
ments/tests) or as binary variables (performed: yes/no), for each
study period.

Indications for screening investigations were defined according
to our clinic’s usual procedures, considering the patient’s age at the
beginning of each study period �6 months. It is important to note
that heights and weights during the pandemic were predominantly
measured at home by a caregiver and self-reported. Because of
studies suggesting that A1C levels could be estimated from mean
glucose levels using continuous glucose monitoring (29), sensor
use at each clinic visit (yes/no) was assessed and was included for
adjustment in our models.

Data analysis

Descriptive statistics are presented as frequency and per-
centage for nominal variables, and median and interquartile
range (IQR) for continuous variables. Regarding outcomes
analyzed per patient, logistic and Poisson mixed-effect models
were used to evaluate the adjusted associations between study
periods and binary and count outcomes, respectively. Results
are expressed as odds ratio (OR) and rate ratio (RR) with 95%
confidence interval (CI) and as adjusted figures (conditional
rates/possibilities of outcomes at most common covariate
values). Patients’ characteristics (age, sex, time since diagnosis
of T1D, last laboratory-measured A1C value before COVID-19
onset, pump use and sensor use) were included in the
models for adjustment. Age, time since diagnosis and last A1C
value before COVID-19 onset were centred to the means.
Patients were categorized as pump and/or sensor users, for
each study period, if they reported using these technologies at
�50% of their visits.

For outcomes analyzed by visit, interrupted time series (ITS)
logistic mixed-effect models were further applied to examine
the adjusted associations between study periods and the pres-
ence of screening investigations over time. ITS is a quasi-
experimental design that quantifies the effect of an exposure
or policy change implemented at a specific time point (30,31).
We fit a segmented regression model including time (months
since the beginning of the study) and interaction between time
and period (before/during pandemic) to assess the possible
immediate and lagged effects of the pandemic. Models were
further adjusted for patients’ characteristics. Results were
summarized as marginal predicted effects and displayed
graphically (i.e. adjusted figures demonstrating conditional
possibilities of outcomes over time at most common covariate
values). ORs for the level change and during pandemic trend
were also estimated.

In addition, a subgroup analysis with a logistic mixed-effect
model was conducted only among data from period 2 to deter-
minewhether any patients’ characteristics at the start of this period
were associated with per-visit outcomes during the pandemic. For
the latter analysis, lipid profile was not included, as patients would
be expected to have this laboratory investigation done only once in
the whole study period.

Statistical significance was set at p<0.05. Because of the
potential for type I error due to multiple comparisons, findings
should be interpreted as exploratory. Data were analyzed using
SAS version 9.4 (SAS Institute, Cary, North Carolina, United
States).

Ethics approval for the BC-PDR was obtained from the Children
& Women’s Research Ethics Board at the University of British
Columbia.

Results

A total of 440 patients were included in our investigation.
Patients’ characteristics are summarized in Table 1. Over the 2 study



Table 2
Anthropometric, BP and A1C measurements per patient

Number of measurements, median (IQR)

Pre-COVID onset During pandemic Unadjusted RR (95% CI), p value Adjusted RR (95% CI), p value *

Height 2 (2e3) 1 (0e1) 0.32 (0.29e0.36), <0.0001 0.32 (0.28e0.36), <0.0001
Weight 2 (2e3) 1 (0e1) 0.35 (0.32e0.39), <0.0001 0.34 (0.31e0.38), <0.0001
BP 2 (2e2) 0 (0) 0.005 (0.002e0.013), <0.0001 0.005 (0.002e0.014), <0.0001
A1C 3 (2e4) 1 (1e2) 0.52 (0.48e0.57), <0.0001 0.52 (0.48e0.57), <0.0001

A1C, glycated hemoglobin; BP, blood pressure; CI, confidence interval; IQR, interquartile range; RR, relative risk.
* Estimated RR from Poisson model, after adjustment for age, sex, time since diagnosis, A1C before COVID onset, pump use and continuous glucose monitor use.
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periods, 1,791 clinic visits were analyzed: all visits in period 1 were
in person (n¼910), whereas 874 of 881 (99%) in period 2 were
telemedicine visits.
Per-patient analysis

The median number of clinic visits per patient was 2 (IQR, 2 to
3) in both periods. After adjustment for patients’ characteristics,
there was a 6% increase in the number of visits per patient in
period 2, compared with period 1 (RR, 1.06; 95% CI, 1.01 to 1.10;
p¼0.01).

During period 1, 100% of children and youth included in this
study had their height and weight assessed, and 97% had their BP
measured at least once. In period 2, the percentage of patients with
height and weight data decreased to 53% and 49%, respectively, and
only 1% had BP measurements. The median number of measure-
ments per patient in both periods and the corresponding RRs are
presented in Table 2.

There was also a substantial decrease in the number of A1C
measurements, from amedian of 3 yearly per patient (IQR, 2 to 4) in
period 1, to 1 yearly A1C (IQR, 1 to 2) in period 2. Before March
2020, 26% of patients had quarterly A1Cmeasurements, in linewith
clinical practice recommendations (19e22), and this proportion fell
to 5% during the pandemic. Also, 22% of patients had no A1C
measurements documented in period 2.

Figure 1 represents the probability of patients having laboratory
screening investigations in both study periods. Screening rates for
hypothyroidism dropped from 52% in period 1 to 13% in period 2
Figure 1. Laboratory screening for diabetes-related complications. Estimated rates and
hemoglobin before COVID onset, and pump and sensor use are shown. Albumin-to-creatin
indication for screening. * p<0.05. A1C, glycated hemoglobin; TSH, thyrotropin.
(OR, 0.14; 95% CI, 0.10 to 0.20; p<0.001). Among patients with
indication (19e22), 53% had screening for nephropathy in period 1,
compared with 43% in period 2 (OR, 0.66; 95% CI, 0.40 to 1.01;
p¼0.10). For dyslipidemia, screening rates declined slightly from
33% to 29% of eligible patients over the 2 periods (OR, 0.87; 95% CI,
0.40 to 1.91; p¼0.72).
Per-visit analysis

When outcomes were analyzed per visit, there was a similar
drop in anthropometric, BP and A1Cmeasurements. The proportion
of clinic visits with height and weight data fell from 99% in study
period 1 to 31% and 33%, respectively, in period 2. A BP measure-
ment was documented in 93% of clinic visits in period 1 and in <1%
(4 of 881) in period 2. An A1C result was recorded in 99% of visits in
period 1, compared with 30% in period 2. Across all visits in period
2, 34% did not have a laboratory-measured A1C or documented use
of a continuous glucose monitor.

Figure 2 illustrates the change in the probability of having
anthropometric measurements, A1C and screening investigations
over time during the 2 study periods. The ITS models for weight,
height and BP measurements were unable to be fit due to the
complete or quasi-complete separation issue. However, as shown in
the unadjusted figures, there was a drastic drop in measurements
in period 2. After fitting the ITS logistic mixed-effect model, we
observed an immediate level drop in period 2 for both A1C (OR,
0.04; 95% CI, 0.02 to 0.06; p<0.0001) and TSH (OR, 0.10; 95% CI, 0.05
95% confidence intervals (CIs), adjusted for age, sex, time since diagnosis, glycated
ine ratio and lipid profile measurements were only considered among patients with



Figure 2. Anthropometric, blood pressure (BP) and glycated hemoglobin (A1C) measurements and screening investigations over time. Estimated rates and 95% confidence intervals,
adjusted for age, sex, time since diagnosis, A1C before COVID onset, pump and sensor use (for A1C, thyrotropin [TSH] and albumin-to-creatinine ratio [ACR] measurements). For
weight, height and BP measurements, unadjusted data are plotted due to complete or quasi-complete separation between the 2 periods.
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to 0.18; p<0.0001) measurements. Supplementary Figure 1 repre-
sents the unadjusted models for laboratory investigations.

Period 2 subgroup analysis

When assessing the data during period 2 only, when other
variables were held constant, later visit dates during the pandemic
were associated with a higher odds of having self-reported growth
measurements (height: OR, 1.28; 95% CI, 1.22 to 1.33; p<0.0001;
weight: OR, 1.27; 95% CI, 1.20 to 1.34; p<0.0001; per 1-month
increase in visit date). Likewise, later visits during the pandemic
were associated with a higher odds of having an A1C measurement
(OR, 1.08; 95% CI, 1.05 to 1.12; p<0.0001). There was a similar trend
over time for hypothyroidism and nephropathy screening, although
estimates had increased uncertainty (TSH: OR, 1.08; 95% CI, 1.00 to
1.17; p¼0.06; ACR: OR, 0.67; 95% CI, 0.32 to 1.39; p¼0.28).

Finally, in terms of the relationship between patients’ charac-
teristics and outcomes during the pandemic, the likelihood of
having height measurements was higher for boys (OR, 1.64; 95% CI,
1.12 to 2.39; p¼0.01) and for younger children (OR, 0.93; 95% CI,
0.88 to 0.98; p¼0.01, per 1-year increase in age). The proportion of
patients using continuous glucose monitoring increased to 57%
during this period (from 46% pre-pandemic), however, there was
no association between the use of continuous glucose monitoring
and the likelihood of having laboratory A1Cmeasurements. None of
the patients’ characteristics included in our models were associated
with the likelihood of having weight, A1C, TSH or ACR measure-
ments (Supplementary Table 1). BP measurements were not
included in the analysis because of the small number available for
period 2.

Discussion

As a result of the COVID-19 pandemic, routine diabetes care has
been transformed to be predominantly delivered via telemedicine
(32e34). In March 2020, the diabetes clinic at the BCCH underwent
an unprecedented shift to telemedicine (27), as has been the case in
many centres worldwide. In our study, we evaluated the compre-
hensiveness of care provided to children and youth with T1D in the
only tertiary care centre in the Canadian province of BC, 1 year
before and after the onset of the pandemic. We found a dramatic
decline in the frequency of anthropometric, BP and A1C measure-
ments as well as laboratory screening tests for diabetes-related
comorbidities and complications during the pandemic.

Having continued to provide ambulatory care during the
pandemic by telemedicine is undoubtedly positive. A recent study
in children with T1D from 4 Latin American countries (N¼227)
showed that those with access to telemedicine had more medical
visits in 2020 compared to those without access (25). We showed a
slight increase in the number of clinic visits per patient during the
pandemic, compared with the pre-pandemic year. This may be
related to the advantages of telemedicine eliminating barriers to
accessing care, such as cost, time required for travel, time off work
or need for childcare (35,36). However, there was a proportion of
patients in our study who did not have visits during the pandemic,
and it is possible that some of them were lost to follow-up due to
difficulties accessing or engaging with telemedicine. Unfortunately,
our registry does not include data on cancelled or missed
appointments, so the frequency of these events during the 2 study
periods could not be compared. Also, there is no information on
relocation or transfer to other health-care teams, which could
explain this apparent loss to follow-up.

During the early stages of the pandemic, certain medical exams
and interventions were safely deferred based on individual patient
characteristics and risks. However, prolonged postponement of
necessary evaluations could carry long-term detrimental implica-
tions for patients’ health and well-being, as shown in other pop-
ulations (37). Thus, as the pandemic continues, the definition and
frequency of “essential” medical exams will need further
consideration.

Evaluating the height and weight of children and youth with
T1D is key to providing optimal care (19e23). Inadequate growth
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can indicate suboptimal glycemic management (38,39) or comor-
bid conditions, such as hypothyroidism or celiac disease. Obesity
and overweight are highly prevalent among children and youth
with T1D (40), and these conditions are associated with increased
risk of complications (41). Our study has shown that there was not
enough information to assess the growth trajectory or body mass
index of most patients during the pandemic, and a substantial
proportion did not have any anthropometric data during the whole
year. Also, even when home-measured heights and weights were
performed, they could be significantly less accurate than those
measured by a health-care provider in a clinic visit (42). A lack of
growth data may have led to missed opportunities to identify
patients with poor glycemic management, diagnose comorbid
conditions or counsel on healthy lifestyle.

Similarly, hypertension is more prevalent in children and youth
with T1D than in the general population (43). Early identification
and appropriate treatment are critical to prevent the development
of micro- and macrovascular complications (44,45). Nevertheless,
families in our diabetes clinic were not routinely advised to have BP
measurements in preparation for their telemedicine visits. Not
surprisingly, only a handful of patients had documented BP levels
during the pandemic year.

Laboratory investigations are another crucial component of
diabetes care (19e23). A1C levels are a strong predictor of the risk
of complications, and could serve as a tool to optimizemanagement
(46). Studies have shown beneficial effects of rapidly available A1C
results (obtained by point-of-care testing) on glycemic manage-
ment and patient satisfaction (46,47). Also, infrequent A1C moni-
toring is associated with worse glycemic outcomes (48,49).
Moreover, whereas A1C could be estimated based on continuous
glucose monitoring data (29), there may be significant discordance
in a real-world setting, reinforcing the value of laboratory-
measured A1C (50). At our clinic, we noted a dramatic decline in
the frequency of A1C testing during the pandemic, as reported in
other studies (24,25). Only a small fraction of patients had recent
A1C results to review at their telemedicine visits, and a substantial
proportion were not wearing a continuous glucose monitor.
Furthermore, the likelihood of having an A1C measurement at a
clinic visit was not affected by the use of a sensor. This would
certainly make it challenging to assess long-term glycemic trends
and provide appropriate treatment.

Clinical practice guidelines provide evidence-based recom-
mendations to guide appropriate timing and testing for diabetes-
related complications and comorbidities, aiming to standardize
and improve delivery of care (51). Among adults with diabetes,
adherence to these screening recommendations is associated with
lower morbidity and mortality rates (52). In keeping with previous
findings (53), the frequency of laboratory screening in our study
population was already suboptimal pre-pandemic, when visits
were in person. With the onset of the COVID-19 pandemic, labo-
ratory testing was deferred and rates of screening continued to
decline.

Our study supports consideration of a hybridmodel of in-person
and telemedicine visits to ensure appropriate anthropometric, BP
and A1C measurements are completed. Early in the pandemic,
families followed in our diabetes clinic had expressed their desire
to continue having telemedicine visits in the future (27). Still, based
on our results, it appears that the current model of almost all visits
being done by telemedicinemay not be appropriate, as standards of
care have not been met (19e22). Redesigning our model of pedi-
atric diabetes care will require attention to raising awareness
among patients, families and clinicians of the importance of a
proportion of clinic visits being in person so that evidence-based,
high-quality care can be achieved. Although we did not find spe-
cific patient characteristics that would predict the likelihood of
having measurements and investigations during the pandemic,
future research could help identify characteristics of families who
would benefit most from continuing telemedicine exclusively vs
those who will need an element of in-person care when this
becomes possible.

Interestingly, children and youth with T1D in our study were
more likely to have growth and A1C measurements available at
telemedicine clinic visits that occurred later during the
pandemic, which is not in concordance with the provincial
trend in COVID-19 cases and restrictions (54). The reasons for
this may include evolving views on the risk associated with
attending health care, as well as changes in the perceived need
for these evaluations by families and their providers, as time
went by since the last in-person visit. Further studies assessing
families’ perspectives on barriers to completing measurements
and laboratory testing will be essential to create innovative,
patient-centred solutions.

Future quality improvement initiatives should aim to address
gaps in care found in this study. Seeking support from local primary
care providers to perform in-person measurements and exams
could be an effective solution. Continuous glucose monitoring
systems may also be an option to improve the availability of
information on glycemic trends during clinic visits, but this may not
completely replace the need for laboratory-measured A1C (29,52).
Furthermore, current pediatric diabetes guidelines are based on the
best available evidence before the onset of the pandemic (19e23).
Updated guidelines could consider including recommendations on
the need for physical exams and investigations for children and
youth with T1D in this rapidly evolving context.

Strengths of this study include the large number of patients
and clinic visits, which represent the vast majority of children and
youth followed in the only pediatric tertiary care centre in the
province of BC. There are several limitations. First, despite the
high proportion of patients enrolled in the BC-PDR, it is still
possible that the use of data from a voluntary registry could
introduce selection bias. Also, the relative impact of this unprec-
edented shift to telemedicine care cannot be differentiated from
the effects of the pandemic. Thus, findings may be difficult to
generalize and integrate into planning future care. Moreover,
investigations for other diabetes-related comorbidities and com-
plications (celiac disease, retinopathy and neuropathy) were not
considered. This was due to variable recommendations in terms of
frequency of screening, as well as the lack of good quality data for
retinopathy and neuropathy screening in our registry (19e22).
Also, because of the low rates of laboratory testing during the
pandemic, it was not possible to assess the change in A1C levels.
Finally, we did not evaluate the change in endpoints such as rates
of hospitalization, emergency department visits, severe hypogly-
cemia and diabetic ketoacidosis or incidence of diabetes-related
complications. Nevertheless, we believe our work presents use-
ful information by showing the decrease in recommended
anthropometric measurements and laboratory investigations,
which are intended to prevent such complications among patients
with T1D. Longer term studies are needed to evaluate the impact
of these changes on patient outcomes.

In conclusion, the rapid and unprecedented shift from in-person
to telemedicine care allowed for ongoing delivery of care during the
COVID pandemic. However, the care provided to children and youth
in our diabetes clinic has not been in keeping with current rec-
ommendations regarding anthropometric measurements and lab-
oratory investigations. The number of height, weight, BP and A1C
measurements showed a dramatic decline during the pandemic
year, and screening for important diabetes-related comorbidities
and complications also showed a downward trend. This has likely
led to missed opportunities for early intervention andmay result in
negative long-term health outcomes in this population. We noted a
positive trend over time during the pandemic, with increased
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frequency of height, weight and A1C measurements at later visits
during this period. Still, as it is, the current model of primarily
telemedicine care does not appear to be suitable for most children
and youth with T1D. Currently at more than 2 years into the global
COVID-19 pandemic, it is essential that we engage in health system
redesign that includes novel technology, leverages primary care
and combines in-person and telemedicine modalities, so that
children and youth living with T1D receive comprehensive, high-
quality care.
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