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Lay Abstract 

 
The COVID-19 pandemic restricted face-to-face healthcare-based interactions to limit the spread 

of the virus. These restrictions posed as a challenge for children and youth with type 1 diabetes 

mellitus (T1DM), who relied exclusively on in-person clinic visits as part of their care regimen 

pre-pandemic. In this retrospective study, we assessed the association of the first year of the 

COVID-19 pandemic with measures of glycemic control (HbA1c), diabetic ketoacidosis (DKA), 

hospitalization, hyperglycemia, and hypoglycemia, compared to two years pre-pandemic. We 

determined that children living with type 1 diabetes had no deterioration of glycemic control 

measures, apart from an increase in hyperglycemia, during the first 12 months of the pandemic. 

This study provides insights into health outcomes of children living with T1DM in the early 

stages of the pandemic and offers a roadmap to guide the further avenues of exploration needed 

to assess the full impact of the pandemic on this population.  
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Abstract 

 

Background: Since March 2020, health systems around the world shifted to virtual care 

approaches as social distancing measures were recommended to stem the spread of SARS-COV-

2, the virus responsible for the COVID-19 pandemic. For children and families living with type 1 

diabetes, virtual consultations in pediatric diabetes care were rare prior to the pandemic but 

became the norm since the start of the pandemic. Data regarding glycemic outcomes and 

comorbidities in children living with type 1 diabetes mellitus (T1DM) during the pandemic are 

limited, and there is a need for these data to drive future care models design and delivery.  

Aim & Methods: The aim of this project was to assess the association of the COVID-19 

pandemic with measures of glycemic control (HbA1c), hyperglycemia, hypoglycemia, diabetic 

ketoacidosis (DKA) and hospitalization for the period spanning March 2020-2021 at McMaster 

Children’s Hospital, a tertiary pediatric academic center in Hamilton, Ontario, Canada. Data 

from the onset of virtual care were compared with data from two years pre-pandemic.  

Results: The COVID-19 pandemic was not associated with changes in HbA1c (MD -0.14, 

p=0.058), hospitalization (OR 0.57, p=0.068), or hypoglycemia (OR 1.11, p=0.484), but was 

significantly associated with the increase in reported hyperglycemia (OR 1.38, p=0.003) and 

reduction in DKA presentation (OR 0.30, p=0.009).  

Conclusions: Glycemic control was stable during the early stages of the COVID-19 pandemic, 

when virtual and hybrid care models prevailed in diabetes care. These results suggest that 

patients and their families were able to adapt to the uncertain circumstances of the pandemic. 

Virtual consultations for pediatric diabetes did not hinder glycemic control, and likely aided in 

the maintenance of diabetes management. Longitudinal studies are necessary before virtual 
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consultations should be recommended to replace in-person clinic visits, but the initial data seem 

encouraging.  
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1.1 Pediatric Type 1 Diabetes 

Type 1 Diabetes mellitus (T1DM) is the most common endocrine disorder in children and youth 

worldwide, with over 1.1 million cases of children worldwide.1,2 Although T1DM can occur at 

any age, teenage diagnosis with T1DM of around 13-14 years represent a specific challenge with 

managing this age group due to the complex biopsychosocial variables in this vulnerable stage in 

life.3-5 T1DM is characterized by the body’s inability to produce insulin due to the autoimmune 

destruction of the beta cells in the pancreas. The lack of insulin causes hyperglycemia and 

impaired glucose utilization, which in turn results in the breakdown of muscle and fat energy 

stores to provide energy for the body. Fat breakdown for extended periods produces ketones, 

which causes acidosis and sometimes a significant, life-threatening condition known as diabetic 

ketoacidosis (DKA). Diabetes can be associated with multiple complications especially when not 

fully managed including nephropathy, retinopathy, and neuropathy.3-5 

 

There is a strong genetic component in the etiology of T1DM. The risk of developing T1DM 

with no family history is approximately 0.4%, while this risk rises up to 25% if both biological 

parents have this condition.3,6 There is some evidence that environmental factors may trigger the 

onset of T1DM in children who are genetically predisposed, such as persistent or recurrent 

enteroviral infection, frequent respiratory or enteric infections, poor hygiene and living 

conditions, weight gain, poor diet, psychological stress and steroid treatment.3,7,8  

 

While initial presentations of T1DM vary between patients, most commonly children have 

symptomatic hyperglycemia with or without acidosis, with polydipsia, polyuria, polyphagia, 

weight loss, and nocturia. Symptoms of feeling unwell such as fatigue, weakness, candida rashes, 
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blurry vision, nausea, and vomiting may also be present initially.3-5 Diabetes diagnosis is most 

often confirmed by the presence of classic symptoms and testing of fasting or random plasma 

glucose levels supported by glycosylated hemoglobin A1c (HbA1c) levels. Guidelines define 

diabetes as having a random plasma glucose ≥ 11.1 mmol/L (≥ 200 mg/dL) or fasting plasma 

glucose ≥ 7.0 mmol/L (≥ 126 mg/dL), where fasting is defined as no caloric intake for 8 

hours.3-5 A positive test for autoantibodies against pancreatic islet cells proteins, including 

glutamic acid decarboxylase, insulin, insulinoma-associated protein, and zinc transporter 

ZnT8, while not needed clinically to confirm the diagnosis, can support it.3-5 

 

Due to the complex nature of the disease, treatment plans include insulin therapy as the main 

intervention.3-5 These treatment plans are devised by an interdisciplinary healthcare team 

including pediatric endocrinologists, nurses, dieticians, social workers, and child life specialists. 

Insulin is the cornerstone of management of T1DM, and is primarily delivered via daily 

injections or insulin pump therapy.4,5,9 Insulin dosage and regimens are devised alongside meal 

plans, which are often developed with the child and family’s usual eating patterns and 

carbohydrate intake and daily physical activity in mind. Patients and their families are taught 

how to count carbohydrates in food, and to measure and respond to glucose levels in order to 

consistently uphold targets and avoid excursions.4,5,9 Additionally, patients and their families are 

provided with psychosocial support and monitoring of diabetes management burnout and 

conditions such as depression, anxiety and eating disorders.4,5,9 Such conditions are common 

among children living with diabetes as a result of multiple factors including body image 

disturbance.10,11 Psychosocial problems can also cause and result from poor glycemic control by 

affecting children's ability to adhere to their dietary and medication regimens.4,5,9,10   
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Depending on the age of the child, heavy parental involvement in upholding treatment regimens 

may be required in the first few years of diagnosis, along with support by the healthcare system 

in schools.4,5,9 As such, following the patient and their family to ensure adequate transitioning 

and sharing of responsibility is crucial to upholding diabetes management, and avoid adverse 

events and potential acute or chronic complications.4,5,9,12   

 

National and international guidelines recommend that patients and their families meet with the 

interdisciplinary diabetes care team regularly to assess for glycemic control, growth, treatment 

plan and adherence, and provide the necessary treatment adjustments.4,5,9 Diet and physical 

activity are also assessed, to ensure insulin regimens are adequately meeting patients’ needs. A 

HbA1c target level of <7% is considered optimal for most children with T1DM, with increasing 

levels associated with high risk of adverse events and diabetes-related complications.4,5,9 Yearly 

routine screening is also conducted to assess for complications and other autoimmune disorders 

such as celiac disease and hypothyroidism.4,5,9  It is evident that diabetes management is complex 

with a need of constant consideration for multiple aspects of wellbeing. As such, the involvement 

of the diabetes care team is integral to a successful adoption of a treatment plan that meets the 

needs of the patient and maintain health outcomes.4,5,9 

 

1.2 The Role of Technology in Diabetes Care 

The use of technology in health services such as education, counselling, communication, and 

management, has been identified as a global priority in recent years. Young people have 

embraced technology and incorporated it into their daily lives even further as the pandemic 

unfolded. For example, for children aged 6-12, screen time in 2020 increased from 2.6 hours/day 
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to 5.9 hours/day in Ontario alone.13 The Canadian Internet Use Survey from 2020 found that 

98% of Canadian households with children ages <18 had access to and regularly used the 

internet.14 As such, this generation may be able to use technology to support their health needs. 

Technology in healthcare also has the potential to facilitate parts of complex treatment regimen 

through processes as simple as reminders for patients to adhere to their treatment plans using 

devices that highlight treatment tasks with greater precision and efficiency, such as insulin 

pumps and glucose sensors.15,16 These devices also tend to be equipped with advanced data 

capturing and sharing capabilities, which allows the tracking and evaluation of health data. 15-18 

Telehealth can also facilitate on-demand support for patients through communications via e-mail, 

phone, or video conferencing.17,18 This is of particular benefit for patients who live in remote 

locations, for whom regular in-person clinic visits may not be readily accessible.17,19,20  

 

The field of diabetes management has seen impressive innovation in technology that facilitates 

the complex treatment regimens.20-22 Today, children with diabetes have access to insulin pumps 

and continuous glucose monitoring systems (CGM).22-25 Increasingly, these devices can be 

paired in a pump-based closed-loop system to allow for the insulin dosages to be regulated in 

response to glucose levels.20,23 These devices have been successful in maintaining target 

glycemic levels and reducing the number of adverse events.23-26 Prior to the COVID-19 

pandemic, patients and families also had access to their diabetes care team via phone or e-mail 

communications. These communications provided patients and their families the opportunity to 

seek additional support in diabetes management.15,16 Such tools include mobile applications or 

internet-based platforms that encourage adherence to diabetes management routines with 

reminders, motivational messaging, and education, as well as facilitate interactions with 
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healthcare providers virtually.15-17 Some tools have even incorporated features found in social 

media, such as the ability to interact with other diabetes patients,27 and have gamified learning 

about diabetes management.28 These interventions have shown great promise in maintaining or 

improving glycemic control and attitudes towards diabetes management in children with T1DM 

and their families, particularly for those with suboptimal glycemic control.15,16 

 

1.3 The COVID-19 Pandemic  

The SARS-CoV-2 virus, the causative agent of COVID-19, was declared a global pandemic by 

the World Health Organization on March 11th, 2020.29 In Ontario, this designation was quickly 

followed by isolation and distancing measures to slow the spread of the virus.30 Patients who 

relied on outpatient services, including pediatric diabetes care, were no longer seen in clinic to 

preserve hospital services for those who required emergency support from contracting the 

COVID-19 virus and prevent the spread of the virus. The pandemic led to delays in seeking care, 

more severe initial presentation of newly diagnosed children with diabetes with more DKA and 

more severe DKA along with mental health concerns.31-34 While shortage of diabetes supplies 

was not a major problem faced by pediatric diabetes patients in Canada, this was observed in 

some parts of the world.35  

 

To tackle the cancellation of in-person clinic visits, virtual consultations were adopted. Prior to 

the pandemic, the healthcare system utilized video-based technology in less than 0.5% of 

instances of care delivery in North America.36,37 During the first wave of the pandemic spanning 

about 5 months, and in subsequent waves, many outpatient services utilized a completely virtual 

consultation system.38,39 While infrastructure to conduct virtual visits was quickly implemented, 
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this switch was very novel for the system as a whole. Important aspects of in-person clinic visits, 

such as bloodwork and taking anthropometric measures, could not be conducted virtually. Other 

challenges that arose for patients, particularly for those with lower socio-economic stability or 

living in rural areas, were limits with access to technological devices and internet connection, 

and a private setting to conduct virtual visits.19 Despite these challenges, virtual consultations 

aimed to maintain care, with options for patients and their families to continue to discuss 

diabetes management strategies and get the support they need to control diabetes.40-42  

An overall decrease in physical activity was noted across many patients due to the cancellation 

of organized activity and virtual schooling.43-46 As such, virtual consultations were crucial during 

this time in adjusting diabetes management plans.  

 

1.4 Gaps in the Literature  

With the rapid pivot to a virtual and hybrid delivery of healthcare with the COVID-19 pandemic, 

it is unclear how the pandemic has impacted glycemic control in children with diabetes globally. 

The advantages and disadvantages of virtual care will no doubt be debated over the coming 

years. The potential benefits cited include convenience, cost-effectiveness, and ease of access to 

care; potential disadvantages include accessibility barriers and inability to obtain reliable clinical 

measurements such as anthropometrics and blood tests.40,41,47 These decisions must factor in 

implications at the system, provider, and patient/family levels.41,42 It is likely that hybrid models 

of care are here to stay, and the format that they will be delivered through remains a work in 

progress.48 
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Evidence continues to emerge on the impact of the COVID-19 pandemic on various pediatric 

patients living with diabetes.49,50 A meta-analysis of observational studies of patients with 

diabetes reported no significant change in HbA1c after the COVID-19 lockdown.51 Pediatric-

specific studies reported similar results in Italy, Germany, the United States, and Canada.43,49,50,52 

However, studies reporting on patients from countries such as India, impacted by diabetes 

treatment supply shortages and having less access to virtual consultation platforms, reported 

worsening glycemic control.35  

This thesis project was designed to assess the impact of the COVID-19 pandemic on health 

outcomes in children living with T1DM at McMaster Children’s Hospital, a tertiary pediatric 

academic center in Hamilton, Ontario, Canada. At the hospital, clinical care moved to almost 

complete virtual care from March-September 2020. Then, limited hybrid care was offered 

October-December 2020. From January-March 2021, care returned to virtual platforms due to 

the new wave of the pandemic. Then, hybrid care continued to be the current norm. These hybrid 

models of care are novel, and an assessment of how glycemic control has changed with using 

them is a crucial question to answer to inform the next phases of care and to drive policy 

decisions about resource allocation.  

 

1.5 Research Questions and Methods 

Main outcome: In children with T1DM, has there been a change in glycemic control before and 

during COVID-19 pandemic? 

 

Other outcomes: How does the COVID-19 pandemic impact diabetes-related morbidities? 
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The main objective of this study was to determine the changes in glycemic control, measured by 

HbA1c, during the pandemic. We hypothesized that glycemic control would deteriorate during 

the pandemic with virtual or hybrid care models when compared to the pre-pandemic face-to-

face care models.  

The secondary objective was to determine changes in diabetes-related morbidities (i.e., DKA, 

hospitalization, hypoglycemia, and hyperglycemia,) during the pandemic when compared to the 

pre-pandemic phase, where available. We hypothesized that diabetes-related morbidities will 

increase during the pandemic. 

 

The data utilized in this study were obtained from the COVID-19 and Childhood Diabetes 

(CGC) Study and did set up time timeline for the study to include data from two years pre-

pandemic and the first year of the pandemic. A summary of the selection process is presented in 

Figure 1. The decision support team provided a secure list of 925 medical record numbers of 

patients who were enrolled in the Diabetes Program at McMaster Children’s Hospital up to May 

18, 2021. Of these, 397 patients did not meet our inclusion criteria of age range, date of 

diagnosis, or follow-up time with our diabetes clinic.  

Of the 528 patients from whom we do have extracted data, only 497 were T1DM patients. Of 

these patients, 346 were diagnosed by the end of 2018, and had adequate data for comparison of 

pre-pandemic data with pandemic data. As a result, 346 patients were included in the present 

study.  
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Figure 1. Selection Process for Included Patients 
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social worker, and child life specialist notes were extracted. Only the data relevant to the 

research questions were analyzed further in the present study. These include age at diagnosis, 

diabetes duration, sex, gender, visit date, glycosylated hemoglobin A1c (HbA1c) values, dates of 

data collection, treatments including multiple daily injections (MDI) or insulin pump therapy 

data, continuous glucose monitor (CGM) use, diabetic ketoacidosis (DKA), hospitalizations, 

hypoglycemic events, hyperglycemic episodes, weight, weight percentile, height, height 

percentile and Body Mass Index (BMI) z-score.   
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1.6 Research Ethics Approvals 

This retrospective chart review involved reviewing and extracting data from the electronic 

medical records of children and adolescents with T1DM followed at the Pediatric Diabetes 

Program at McMaster Children’s Hospital in Hamilton, Ontario. This study was approved by the 

Hamilton Integrated Research Ethics Board (HiREB) for an exemption of informed consent due 

to the anonymous nature of information and the use of aggregate data that are included in the 

dataset. The study was performed in accordance with the guidelines of the Tri-Council Policy 

Statement 2 (TCPS2) and the principles of Good Clinical Practice. Data confidentiality and 

patient anonymity were maintained at all times.  
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Chapter 2 
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ABSTRACT 

Background: The COVID-19 pandemic led to a significant shift pediatric diabetes care delivery 

with emerging virtual and hybrid care models. It is unclear if these models have impacted patient 

outcomes, and whether virtual care is a sustainable approach for care delivery in this patient 

population.  

Objectives: The main objectives of this study were to assess glycemic control and diabetes-

related outcomes in children living with Type 1 Diabetes Mellitus (T1DM) during the  

COVID-19 pandemic at a tertiary pediatric academic center in Canada. 

Subjects: Patients with a diagnosis of T1DM for at least one year and cared for within the 

Pediatric Diabetes Program at McMaster Children’s Hospital were included.  

Methods: In this retrospective chart review, we compared data for glycemic control using 

glycosylated hemoglobin A1c (HbA1c) and other outcomes including changes in diabetic 

ketoacidosis (DKA), hospitalizations, hypoglycemia and hyperglycemia using data from two 

years before and during the first year of the pandemic. We utilized generalized estimating 

equations (GEE) to model potential influencers of HbA1c during the pandemic.  

Results: There were 346 eligible patients for inclusion in the analysis. While HbA1c remained 

stable during the pandemic when compared to the pre-pandemic phase (MD -0.14, p=0.058), 

more newly diagnose patients presented in DKA (X2 =12.94, p<0.001) and required 

hospitalization (X2 =50.94, p<0.001). In those with established diabetes, the pandemic phase was 

characterized by an increase in reported hyperglycemia (OR 1.38, p=0.003) and reduced DKA 

(OR 0.30, p=0.009), while hospitalization rates (OR 0.57, p=0.068) and hypoglycemia (OR 1.11, 

p=0.484) were comparable to the pre-pandemic phase. 
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Conclusions: Virtual and hybrid T1DM care models during the COVID-19 pandemic were 

successful in maintaining glycemic control. However, there was a significant burden of diabetes-

related comorbidities in this population. Further studies are needed to optimize care delivery to 

lower glucose variability and DKA and personalize the choice of virtual care for patients.  

 

Keywords: Type 1 diabetes, children, COVID-19, glycemic control 
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INTRODUCTION 

In March 2020, the World Health Organization declared COVID-19 a global pandemic.1,2 This 

pandemic, caused by the then novel SARS-CoV-2 virus, led to global lockdowns and the 

implementation of social distancing measures to curb viral spread and prevent healthcare systems 

from being overwhelmed.3-5  For most children, schools and organized activities were moved to 

virtual platforms whenever possible.6,7 The ongoing waves of the virus variants continue to 

impact access to healthcare services, resumption of in-person schooling, work, and social 

activities that will likely continue into the foreseeable future.6,8  

Type 1 diabetes mellitus (T1DM) is the most common pediatric endocrinopathy with almost 1.1 

million cases globally.9,10 During the pandemic, healthcare systems re-directed finite healthcare 

resources to the pandemic response; pediatric outpatient services for chronic illnesses such as 

diabetes pivoted to virtual care models including video or telephone consultations.8,11-13 Even as 

COVID-19 vaccinations were up-scaled, non-urgent in-person clinical services continued to be 

disrupted.12,14  

While similar approaches to virtual care were adopted across pediatric diabetes clinics 

internationally, there were significant uncertainties regarding their efficacy when deployed on 

such a global scale.11,15-20  

Over the past few decades, T1DM patients increasingly relied on technology including insulin 

pumps and continuous glucose sensors as part of their diabetes management – trends that 

continue to revolutionize care in this population.11,17,21,22  

In the pre-pandemic phase, in-person visits were the norm to provide diabetes care in Canada23-

25, and virtual consultations occurred in <0.5% of clinic visits.26,27 The overnight pivot to virtual 
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care demonstrated a degree of resilience in care delivery to support patient care and maintain 

outcomes during the pandemic.11,17 

Even before the pandemic, virtual care was reported to keep patients engaged in their diabetes 

management, improve treatment adherence, was feasible and cost-effective. This care modality  

was also acceptable to patients and families.17,28-31 Initial indicators from studies conducted prior 

to the pandemic favored virtual care in remote communities.21,31,32 Emerging evidence of virtual 

care during COVID-19 suggest inconsistent results of its impact on diabetes care.16,33 Currently, 

only short-term data that report on specific patient populations have become recently available, 

and this approach limits the generalizability of study findings to all pediatric diabetes patients.  

The aim of the study was to compare T1DM outcomes before and during the COVID-19 

pandemic including glycemic control, diabetic ketoacidosis (DKA), hospitalizations, 

hypoglycemia, hyperglycemia. We tested the hypothesis that in children with T1DM, glycemic 

control and diabetes-related morbidities will worsen during the pandemic when compared to the 

pre-pandemic phase.  

 

METHODS    

This study is a retrospective chart review from the COVID-19 Effects on Glycemic Control in 

Children Living with Diabetes (CGC) Study.  

We included boys and girls aged 2-18 years with a diagnosis of T1DM for at least one year and 

attended the Pediatric Diabetes Program at McMaster Children’s Hospital, a tertiary pediatric 

academic center in Ontario, Canada.  

The study included patients diagnosed by the end of 2018 and had longitudinal follow-up data. 

We included those patients with a confirmed diagnosis of T1DM based on standard criteria for at 
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least one year to rule out other forms of diabetes.24,25,34 We excluded patients with cystic fibrosis- 

related diabetes, monogenic diabetes, steroid-induced hyperglycemia, and type 2 diabetes. 

Patients less than 2 years of age were also excluded to avoid the potential inclusion of neonatal 

and genetic forms of diabetes.  

We collected data for the two years pre-pandemic (March 15, 2018-March 14, 2020), and for one 

year during the pandemic (March 15, 2020-March 14, 2021). During the pandemic period, 

clinical care was almost completely virtual from March-September 2020. Then, limited hybrid 

care occurred from October-December 2020, where some in-person care resumed. From 

January-March 2021, care returned to virtual platforms due to the new wave of the pandemic. 

The data from the pandemic phase, especially HbA1c, were limited by restrictions of patient 

access to laboratory and clinic point-of -care testing, so we included patients who had at least 

one HbA1c during the first year of the pandemic. We collected data including the age at 

diagnosis, diabetes duration, sex, visit date, glycosylated hemoglobin A1c (HbA1c), treatments 

including Multiple Daily Injections (MDI) or insulin pump therapy data, continuous glucose 

monitor (CGM) use, DKA, hospitalizations for diabetes-related causes, hypoglycemic events, 

and hyperglycemia. 

We also collected available anthropometric data including weight, weight percentile, height, 

height percentile, and Body Mass Index (BMI) z-score.35 Of note, the number of patients who 

had data on height measured at the hospital during the pandemic was relatively small (n=110, 

31.80%), and weights included a mix of home-reported (n=189, 61.00%) and hospital-measured 

(n=122, 39.00%) data. We included BMI z-score data on a subset of patients who had weights 

and heights measured in the clinic. 



M.Sc. Thesis – R. Rajan; McMaster University – Health Research Methodology 

 

 19 

For the HbA1c analysis, we compared the pre-pandemic phase data when patients exclusively 

had in-person clinic visits, to the pandemic phase, when clinics were conducted using a virtual or 

hybrid care model with some patients receiving virtual care and others in-person care.  

The main outcome of the study was the comparison of the change in HbA1c during the pandemic 

when compared to the pre-pandemic phase. Other outcomes analyzed included DKA and 

hospitalizations at diagnosis and in those with established diabetes. In addition, data on 

hypoglycemia and hyperglycemia that were reported or documented via CGM, glucometer, or 

logbook reviews were included.  

DKA was defined as hyperglycaemia with blood glucose >11.00 mmol/L (200mg/dL), venous 

blood gas-based pH <7.30, serum bicarbonate <15 mmol/L and the presence of ketones (ß-

hydroxybutyrate ≥3mmol/L in blood, moderate-large ketonuria).34,36 Hospitalizations refer to 

diabetes-related reported emergency department visits or overnight hospital admissions. 

Hypoglycemia was defined as a plasma glucose level ≤3.9 mmol/L (70 mg/dL) and 

hyperglycemia was defined as a plasma glucose level ≥13.3 mmol/L (240 mg/dL).34,36  

The Hamilton Integrated Research Ethics Board approved a waiver of consent due to the 

anonymous and aggregate nature of data used in the analyses. The study was performed in 

accordance with the guidelines of the Tri-Council Policy Statement 2 and the basic principles of 

Good Clinical Practice. Data confidentiality and patient anonymity were maintained at all times.  

 

Statistical Analysis  

Continuous variables were presented as a mean (SD) with range where indicated, and 

dichotomous variables were reported as number (%). Tests for multicollinearity were conducted 
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to ensure predictors used in the model were not highly correlated with one another. A variance 

inflation factor <5 was used to meet this assumption.37 

We utilized the paired t-test for comparisons of continuous variables and McNemar’s test for 

binary variables to report differences in repeated measures pre-pandemic when compared to the 

pandemic phase. To assess differences in the proportions of patients diagnosed pre-pandemic to 

those diagnosed during the pandemic and their clinical presentations, we utilized the Wald Chi-

Squared test.  

The generalized estimating equation (GEE) model was applied to compare HbA1c levels before 

and during the pandemic and was adjusted for age, sex, treatment type, sensor use, weight and 

diabetes-related morbidities.38 23,25,39 GEE models were also used to assess change in 

hypoglycemia, hyperglycemia, DKA, and hospitalizations.38 These models were adjusted for 

age, sex, treatment type, and sensor use.38,40 For this analysis, we utilized the first-order auto-

regressive working correlation matrix that recognizes correlations are highest between adjacent 

times and systematically decrease with increasing distance between time points.38,40  

Continuous variables were reported using mean difference (MD) with a 95% confidence interval 

(CI) and binary variables were presented as an odds ratio (OR) with a 95% CI. 

To assess the robustness of the findings, we utilized a sensitivity analysis that assessed the 

impact of missing data.41,42 We used the multiple imputations (MI) approach to address missing 

data, reported as a number and percent, and re-ran the GEE model for outcomes as a sensitivity 

analysis. The data analyses were performed using SPSS 28.0.43. Significant was set at 

alpha<0.05. 
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Table 1. Characteristics of Study Participants  

 

                    Pre-pandemic Pandemic P-value 

 2018 2019 2020 

Total Patients, n 346 - -  

Newly Diagnosed, n 58 55 81 <0.001+ 

Sex, n (%)     

   Male 187 (53.90) - -  

   Female 159 (46.10) - -  

Age at study inclusion, mean (SD), years     

   Total 10.30 (3.50) - -  

       MDI, Male 10.40 (3.70) - -  

       MDI, Female 10.90 (3.30) - -  

       Pump, Male 10.10 (3.60) - -  

       Pump, Female 10.10 (3.30) - -  

Diabetes duration, mean (SD), years     

   Total 4.50 (3.30) - -  

       MDI, Male 4.60 (3.90) - -  

       MDI, Female 4.00 (3.10) - -  

       Pump, Male 4.50 (3.30) - -  

       Pump, Female 4.60 (3.20) - -  

Treatment, n (%)     0.317 

   MDI 187 (54.00) 142 (41.00) 139 (40.20)  

   Pump 159 (46.00) 204 (59.00) 207 (59.80)  

CGM Use, n (%) n=309 n=331 n=338 <0.001 

    136 (44.00) 168 (50.80) 205 (60.70)  

Weight, mean (SD), kg n=333 n=345 n=122  

   Total 43.50 (17.50) 48.10 (18.70) 53.28 (18.40)  

   MDI, Male 41.20 (18.20) 47.90(19.20) 56.50 (19.20)  

   MDI, Female 41.60 (15.60) 48.00 (18.60) 46.00 (16.40)  

   Pump, Male 46.40 (17.20) 48.90 (19.30) 55.10 (18.90)  

   Pump, Female 45.00 (18.00) 47.60 (17.50) 52.50 (17.80)  

Weight %ile, mean (SD) n=333 n=345 n=122  
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   Total 66.80 (25.70) 69.00 (25.30) 70.40 (25.20) 0.024++ 

   MDI, Male 67.75 (27.41) 66.14 (29.70) 73.80 (28.10)  

   MDI, Female 63.83 (24.44) 68.15 (24.00) 57.80 (24.20)  

   Pump, Male 67.04 (25.44) 70.10 (24.80) 70.60 (25.50)  

   Pump, Female 68.62 (24.17) 71.02 (22.30) 73.20 (21.60)  

Height, mean (SD), cm n=333 n=344 n=110   

   Total 145.70 (21.70) 150.30 (21.20) 155.40 (21.50)  

   MDI, Male 142.50 (24.60) 150.50 (23.20) 155.40 (28.50)  

   MDI, Female 143.40 (19.80) 147.70 (19.90) 148.90 (18.70)  

   Pump, Male 150.90 (20.90) 152.50 (22.70) 160.40 (19.20)  

   Pump, Female 147.70 (18.00) 150.00 (17.70) 153.70 (16.50)  

Height %ile, mean (SD) n=333 n=344 n=110  

   Total 59.70 (28.10) 60.90 (28.30) 62.00 (27.80) 0.383++ 

   MDI, Male 58.70 (29.20) 58.00 (29.60) 63.10 (26.40)  

   MDI, Female 56.30 (27.80) 55.90 (28.00) 49.30 (30.70)  

   Pump, Male 59.70 (27.80) 62.90 (28.90) 64.70 (28.70)  

   Pump, Female 65.10 (26.20) 65.30 (25.80) 64.70 (25.70)  

BMI Z-score, mean (SD) n=333 n=344 n=110  

   Total 0.70 (1.20) 0.70 (1.00) 0.80 (1.10) 0.004++ 

   MDI, Male 0.80 (1.30) 0.80 (1.10) 1.00 (1.20)  

   MDI, Female 0.60 (0.80) 0.80 (0.90) 0.50 (1.00)  

   Pump, Male 0.70 (1.40) 0.80 (1.00) 0.80 (1.00)  

   Pump, Female 0.60 (1.10) 0.70 (0.90) 0.90 (1.00)  

Total number of participants reported per outcome is bolded and specified by n.  
Abbreviations: SD = standard deviation, MDI = multiple daily injections, n= number of participants, CGM = continuous glucose monitor, kg = kilograms, cm = 

centimeters, BMI = Body Mass Index. 

P-values compared differences in characteristics pre-pandemic to pandemic phases and were obtained from McNemar’s tests unless otherwise indicated. 

+ P-values from Wald chi-squared tests. 

++ P-values from paired t-tests. 
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Table 2. Glycemic Outcomes of Study Participants 

 

                      Pre-pandemic       Pandemic P-value 

 2018 2019 2020 

HbA1c, mean (SD) % n=337 n=345 n=344  

   Total 8.10 (1.60) 8.20 (1.50) 8.40 (1.50) 0.076++ 

       MDI, Male 8.40 (1.70) 8.40 (1.80) 8.80 (1.80)  

       MDI, Female 8.40 (1.90) 8.60 (1.90) 8.90 (1.80)  

       Pump, Male 8.00 (1.20) 8.10 (1.20) 8.10 (1.10)  

       Pump, Female 7.70 (1.00) 7.80 (1.00) 8.00 (1.10)  

Hypoglycemia, n (%) n=335 n=341 n=341  

   Total 323 (96.40) 332 (97.40) 330 (96.80) 0.819 

       MDI, Male 68 (21.10) 69 (20.80) 68 (20.60)  

       MDI, Female 54 (16.70) 59 (17.80) 59 (17.90)  

       Pump, Male 110 (34.10) 111 (33.40) 111 (33.60)  

       Pump, Female 91 (28.20) 93 (28.00) 92 (27.90)  

Hyperglycemia, n (%) n=332 n=338 n=339  

   Total 278 (83.70) 277 (82.00) 301 (88.80) 0.011 

       MDI, Male 56 (20.10) 55 (19.90) 59 (19.60)  

       MDI, Female 44 (15.80) 45 (16.20) 56 (18.60)  

       Pump, Male 95 (34.20) 97 (35.00) 104 (34.60)  

       Pump, Female 83 (29.90) 80 (28.90) 82 (27.20)  

DKA     

DKA at diagnosis, n (%) 22 (37.90) 23 (41.80) 36 (44.40) <0.001+ 

DKA with established diabetes, n (%) 19 (5.50) 20 (5.80) 12 (2.90) <0.001 

       MDI, Male 5 (26.30) 8 (40.00) 2 (16.70)  

       MDI, Female 7 (36.80) 4 (20.00) 4 (33.30)  

       Pump, Male 5 (26.30) 6 (30.00) 4 (33.30)  

       Pump, Female 2 (10.50) 2 (10.00) 2 (16.70)  

Hospitalization     

Hospitalization at diagnosis, n (%) 51 (87.90) 52 (94.50) 77 (95.10) <0.001+ 

Hospitalization with established diabetes, n (%) 31 (9.00) 34 (9.80) 26 (7.50) <0.001 

       MDI, Male 9 (29.00) 9 (26.50) 4 (15.40)  

       MDI, Female 11 (35.50) 8 (23.50) 8 (30.80)  

       Pump, Male 7 (22.60) 13 (38.20) 7 (26.90)  

       Pump, Female 4 (12.90) 4 (11.80) 7 (26.90)  
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Total number of participants with available reported data per outcome is bolded and specified by n.  

Abbreviations: SD = standard deviation, MDI = multiple daily injections, n= number of participants, HbA1c = glycosylated hemoglobin A1C, DKA = diabetic 

ketoacidosis. 

P-values compared differences in characteristics pre-pandemic to pandemic phases and were obtained from McNemar’s tests unless otherwise indicated. 

+ P-values from Wald chi-squared tests. 

++ P-values from paired t-tests. 
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RESULTS 

Participants’ characteristics are reported in Table 1. We included 346 patients who met the 

inclusion criteria. Mean age at study inclusion was 10.30 ± 3.50 years (range from 2.00-16.20 

years) at inclusion. Participants had diabetes for 4.50 ± 3.30 years (range from 1.00-15.70 years) 

at inclusion. 

There were 159 (46.10%) female participants, and puberty and menarche data were not available. 

There was a significant increase in the number of newly diagnosed patients during the first year 

of the pandemic, when compared to the two years in the pre-pandemic phase (X2 = 16.52, 

p<0.001). 

The number of patients using insulin pump therapy increased over time compared to MDI 

treatment regimen and was stable during the pandemic as pump initiation activities slowed down 

with lockdowns (pump use pre-pandemic 2018: 46.00%, 2019: 59.00%; pandemic: 59.80%; 

p=0.137). The use of CGM increased over time and climbed further during the pandemic (pre-

pandemic 2018: 44.00%, 2019: 50.80%; pandemic: 60.70%; p<0.001). 

An important trend for the rise in BMI z-score was noted in the subset of data available for 

analysis (n=110, t=-2.97; 95% CI -0.22,-0.04, p=0.004). While this data set is smaller than the 

full study population owing to the lack of hospital-based height data measures, the elevation in 

BMI z-score was driven by the weight percentile rise during the pandemic (n=122, t=-2.28; 95% 

CI -4.16,-0.29, p=0.024). In an exploratory sex-based analysis for BMI Z-score, females had a 

more significant rise in BMI z-score than males (Males n=62, t=-1.86, p=0.068; Females n=48, 

t=-2.34, p=0.023).  
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Table 2 reports the study outcomes. There was no significant change in HbA1c when comparing 

the pre-pandemic to the pandemic data (n=344, t=-1.78; 95% CI -0.21,0.01, p=0.076).  

However, more newly diagnosed T1DM patients presented in DKA (X2 =12.94, p<0.001) and 

more patients required hospitalization at diagnosis in the unadjusted analysis (X2 =50.94, 

p<0.001). In contrast, patients with established diabetes had less reported DKA (pre-pandemic 

2018: 5.50%%, 2019: 5.80%; pandemic: 2.90%; p<0.001) and hospitalizations (pre-pandemic 

2018: 9.00%, 2019: 9.80%; pandemic: 7.50%; p<0.001) during the pandemic. However, 

hospitalizations were not found to be significantly different during the pandemic in the GEE 

analysis (Table 3). 

The burden of glucose fluctuations in patients with T1DM was sustained from pre-pandemic 

levels during the pandemic. A significant number of children reported hypoglycemia over the 

years and this trend continued into the pandemic (pre-pandemic 2018: 96.40%, 2019: 97.40%; 

pandemic: 96.80%; p=0.819). While hyperglycemic events were similarly reported in majority of 

patients in all years of study, there was an increase in reported hyperglycemia during the 

pandemic, compared to the pre-pandemic levels (pre-pandemic 2018: 83.70%, 2019: 82.00%; 

pandemic: 88.80%; p=0.011).  

The results of the GEE analysis which model the association of the first year of the COVID-19 

pandemic on glycemic control and diabetes-related morbidities, accounting for covariates that 

may influence these outcomes, are reported in Table 3. The analysis included 344 patients with 

available data. Due to missing data for BMI z-score during the pandemic, mostly due to missing 

hospital-measured heights to allow accurate calculation of BMI z-score, weight was instead 

adjusted for in the model and was not included as an outcome variable.  
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Table 3. Changes in Diabetes Control and Diabetes-Related Morbidities During the COVID-19 

Pandemic (n=344) 

 

 Effect Estimate  

 Mean difference 

(95% CI) 

Odds Ratio 

(95% CI) 

p-value 

Main Outcome+ 

     HbA1c -0.14 (-0.28,0.01)  0.058 

Other Outcomes ++ 

     DKA  0.30 (0.12,0.73) 0.009 

     Hospitalization  0.57 (0.31,1.04) 0.068 

     Hypoglycemia  1.11 (0.83,1.49) 0.484 

     Hyperglycemia  1.38 (1.12,1.71) 0.003 
+Analysis was adjusted for age, sex, treatment type (injections vs. pump), sensor use, weight and diabetes-

related morbidities (hypoglycemia, hyperglycemia, DKA and hospitalization) 
++Analysis was adjusted for age, sex, treatment type (injections vs. pump) and sensor use 

Abbreviations: 95% CI = 95% Confidence Interval, HbA1c = glycosylated hemoglobin A1c, DKA = 

diabetic ketoacidosis,  

 

During the pandemic, participants with established diabetes had maintained their glycemic 

control (MD -0.14; 95% CI -0.28,0.01; p=0.058) with significantly less DKA (OR 0.30, 95% CI 

0.12,0.73; p=0.009) with more hyperglycemia (OR 1.38, 95% CI 1.12,1.71; p=0.003) when 

compared to the pre-pandemic period.  

There was no change in hospitalizations (OR 0.57, 95% CI 0.31,1.04; p=0.068) or hypoglycemic 

events (OR 1.11, 95% CI 0.83,1.49; p=0.484). 
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Table 4. Sensitivity Analysis using Multiple Imputations and Generalized Estimating Equation Model to 

Assess Glycemic Outcomes (n=346) 

 

 Effect Estimate  

 Mean difference  

(95% CI) 

Odds Ratio  

(95% CI) 

p-value 

Main Outcome+ 

     HbA1c -0.09 (-0.30,0.12)  0.404 

Other Outcomes ++ 

     DKA  0.31 (0.12,0.79) 0.014 

     Hospitalization  0.58 (0.32,1.07) 0.081 

     Hypoglycemia  1.06 (0.80,1.40) 0.707 

     Hyperglycemia  1.26 (1.01,1.58) 0.042 
+Analysis was adjusted for age, sex, treatment type (injections vs. pump), sensor use, weight and diabetes-

related morbidities (hypoglycemia, hyperglycemia, DKA and hospitalization) 
++Analysis was adjusted for age, sex, treatment type (injections vs. pump) and sensor use 

Abbreviations: 95% CI = 95% Confidence Interval, HbA1c = glycosylated hemoglobin A1c, DKA = 

diabetic ketoacidosis 

 

To address the concerns of missing data during the pandemic with virtual visits which restricted 

the amount of data collected and reported in clinic notes, we conducted multiple imputations and 

repeated the GEE model analyses which confirmed the same data trends (Table 4). The 

sensitivity analysis confirmed that the results are robust, and that missingness of data did not 

impact the results.  

 

DISCUSSION 

The COVID-19 pandemic fundamentally shifted models of care delivery for children and youth 

living with type 1 diabetes from in-person to virtual and hybrid models.8,11-13 While evidence for 

the long-term impact of this shift in care delivery will take time to emerge, the short-term data 

are encouraging.  

This retrospective study compared data for two years pre-pandemic to the first year of the 

pandemic for children and youth with T1DM attending a tertiary Canadian pediatric academic 

center. There were more newly diagnosed T1DM patients presenting in DKA during the 
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pandemic when compared to the pre-pandemic phase. These trends were reversed in those with 

established diabetes. However, while the reported number of cases for these outcomes were 

relatively small, the data are consistent with current evidence reporting an increase in DKA and 

its severity at diagnosis.18,44-48 These findings are largely attributed to delays in seeking care due 

to the fear of an increased risk in contracting the COVID-19 virus in a hospital setting, and that 

healthcare systems globally diverted finite resources to dealing with COVID-19, and patients 

were asked to defer access to care.11,44 Further public education campaigns may be needed to 

raise awareness of diabetes presentation to prevent DKA and mitigate its severity at T1DM 

diagnosis.  

Virtual and hybrid care models were associated with a stable HbA1c when compared to the 

exclusive in-person care models pre-pandemic. This conclusion, while contrary to our 

hypothesis, is consistent with some the emerging evidence for pandemic-related glycemic control 

trends. 

While some studies reported similar stability in glycemic control16,49-54, other studies even 

reported an improvement in glycemic control in children with T1DM.19,55 The stability or 

potential improvement in glycemic control during the pandemic may be related to several 

factors, including enhanced attention to glycemic trends by children and their carers, increased 

patient-parent collaboration with managing glycemic trends, and the development of predictable 

diabetes management routines due to increased time spent at home and the cancellation of school 

and extra-curricular activities.19,55 However, stable glycemic trends in T1DM were largely 

reported in studies from upper-middle or high income countries with infrastructure to conduct 

virtual visits and maintained access to treatment and monitoring modalities.16,19,49,50,52,53,55 A 

study from India that was based on reported self-monitoring glucose data reported a worsening 
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of glycemic control during the lockdowns.56 This deterioration in glycemic control was attributed 

to the reduced availability of insulin and glucose test strip in the early stages of the pandemic.56 

For virtual and hybrid models of diabetes care to be effective and sustainable, the disparity in 

access to diabetes care teams and resources need to be eliminated. Adequate technological 

infrastructure that is available to families and healthcare systems need to be augmented globally. 

In addition, more widespread use of insulin pumps with glucose sensors and glucometers with 

capabilities to transmit data to healthcare teams caring for pediatric patients will likely enhance 

the impact of virtual care in T1DM. 

Some studies reported an increase in DKA rates in children with established diabetes during the 

first lockdown within the first five months of the pandemic.45,49 However, DKA rates stabilized 

and returned to baseline after the first COVID-19 wave, and in some case there was a reduction 

in DKA rates in youth during this period.45,49 Our pandemic phase data are not consistent with 

these conclusions, with reduced DKA presentations, which may be related to the attention to 

glycemic trends and the awareness of the warning signs of DKA that may have led to early 

interventions to abort the DKA.45,49,57-59  

Consistent with our results, there is evidence to suggest that the pandemic was not associated 

with increased hospitalization frequencies in those with established diabetes.16 The rapid 

adoption of telemedicine, increased access to CGM and pump therapy, and increased attention to 

glycemic trends likely helped limit hospitalizations during the pandemic.16  

The pandemic was also associated with higher rates of hyperglycemia when compared to the pre-

pandemic phase despite stable glycemic control. It is possible that reported hyperglycemia is 

related to multiple factors, including more attention being paid to the glucose profile while in 

lockdown, the use of sensors that help detect glucose levels frequently, and changes in dietary 
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patterns and physical activity levels, with children being less active and using technology for 

longer periods than in pre-pandemic times.19,55,60-62 This possibility was also supported by the 

upward trend in BMI z-score. Further assessment of the factors contributing to this upward body 

mass trend is warranted. 

The burden of hypoglycemia remained high throughout the pre-pandemic and pandemic phases, 

with most patients reporting at least one episode of hypoglycemia. These trends are consistent 

with the trends in the literature about hypoglycemia being a frequent accompaniment of 

T1DM.63-66  

For people living with diabetes, glycemic variability and avoiding excursions of hypo- and 

hyperglycemia are a substantial burden to diabetes management.67 Despite development of 

devices that increase monitoring and responsiveness to glycemic excursions, glycemic variability 

remain a relevant issue in the pediatric population.63-66,68  

In studies that reported data from glucose sensors, including time in range (TIR) and time in 

hypoglycemia and hyperglycemia, most reported stability or improvement of TIR and glucose 

variability during the pandemic.20,50,52-55 These trends during lockdown were transient, and 

predictably returned to baseline levels upon return to school and lifting of social distancing 

restrictions.52,55  

Studies reported that physical activity decreased during lockdown, and most noted increases in 

weight measures.49-52 This is consistent with the trends for weight percentile and BMI z-score 

seen in our participants.  

The implementation of virtual care has been deemed acceptable to many families living with 

T1DM. Virtual consultations were satisfactory to patients and caregivers, with improved stress 
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levels related to hospital visits and enhanced scheduling flexibility, with less need to disrupt 

school and work schedules and the preference of visits conducted in familiar settings.17  

15. However, it is important for families to have a choice in how to access care, as some families 

still prefer in-person consultations.15 Evidence suggests that using sensors or insulin pumps and 

distance from clinics are not always accurate predictors of visit format preference.18 Further 

studies are needed to personalize improved access to virtual diabetes care to maintain health 

outcomes. 

Strengths & Limitations  

This study compared glycemic control trends and diabetes-related outcomes before and after the 

start of the pandemic. The longitudinal data available for a relatively large sample allowed for 

the comparison of glycemic control over time to assess if there are emerging trends that need to 

be addressed. Using the GEE approach allowed the comparison and we appropriately handled 

missing data using multiple imputations.  

There were some limitations to the present study. Our data is limited to only a single centre with 

diabetes patients, which may render the results less generalizable to other centres nationally and 

globally. We only reported the data from pediatric T1DM patients, which is less generalizable to 

other types of diabetes. With the disruption of clinical and laboratory services during the 

pandemic, most patients only had one or two HbA1c values, when compared to the pre-pandemic 

phase, where obtaining around four HbA1c values, annually, was the usual practice.  

 

CONCLUSIONS  

In patients with T1DM, glycemic control was comparable during the first year of the COVID-19 

pandemic to the pre-pandemic phase.  However, there was increased hyperglycemia. 
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This study highlights the potential applications of virtual and hybrid care models in pediatric 

diabetes care on an ongoing basis and beyond the pandemic. There is a need to understand the 

best design and delivery methods of these models so that they not only maintain glycemic 

control but strive to reduce diabetes-related co-morbidities and complications.  
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3.1 Association of the COVID-19 Pandemic on Measures of Glycemic Control 

In this present study, we report that glycemic control, as measured by HbA1c, was not found to 

deteriorate during the pandemic. The pandemic was also not significantly associated with 

increased hospitalization or reported hypoglycemic events. However, there was significant 

association of the pandemic on the reported increase in hyperglycemia and reduction in DKA 

events in the included participants. These results were consistent in our sensitivity analysis.  

 

These results oppose the original hypothesis that markers of glycemic control and diabetes-

related adverse events would deteriorate during the pandemic. It was anticipated that the burden 

caused by the COVID-19 pandemic coupled with the novelty of virtual consultations in diabetes 

care would cause diabetes management would be suboptimal. Instead, and considering the 

novelty of virtual care on such wide scale, some outcomes of interest were found to be stable or 

to be less frequent during the pandemic, apart from hyperglycemia. These results are largely in 

agreement with the existing body of evidence in the field. In a recent meta-analysis and in some 

published studies, there was no significant changes reported in HbA1c with lockdown, compared 

to pre-lockdown data in children and adults with T1DM43,46,51,52, while others reported 

improvements in glycemic control that were transient for most patients, as in the months 

following the lockdown glycemic control returned to baseline values.50,53 

 

Many studies note a reduction in physical activity during the pandemic, as a result of stay-at-

home orders and cancelled organized activity.44,46,54 While this was found to be challenging, and 

in some cases detrimental to weight and BMI50, the negative impacts may have been 

counteracted with reported increase in sleep duration and spending more time on diabetes 



M.Sc. Thesis – R. Rajan; McMaster University – Health Research Methodology 

 

 41 

management with parental supervision.45,46,50,54 It is also suggested that with cancelled school 

and organized activity, diabetes management became more predictable and unexpected 

excursions in blood glucose levels could be managed more immediately and effectively.44,46,50 

Many patients still had access to support from their diabetes care team during the pandemic, 

which likely also aided in maintaining glycemic control during a time of perceived stress.44-46 

 

Some studies suggest that patients presenting with new onset diabetes were worse off when 

compared to previous years.33,55-57 There were reports of increased numbers of newly diagnosed 

pediatric T1DM patients, with a greater proportion presenting in DKA at diagnosis compared to 

one year pre-pandemic.57 This is consistent with research from Germany, Italy and the United 

Kingdom.56,58-60 These findings may be attributed to avoidance or delays in seeking medical care 

during the pandemic, which may have led to a more severe illness at presentation.57-60  In our 

clinic, we did see the number of patients diagnosed with T1DM rise in 2020 when compared to 

cases diagnosed in 2018-2019. Consistently high presentation of new diabetes in hospital is 

expected and consistent with our current care models, where most patients are treated in urgent 

care settings initially, and provided education in hospital.4  

 

3.2 Virtual Diabetes Care 

Virtual care during the pandemic has been widely accredited for maintained or improved 

glycemic control found in pediatric T1DM populations.44-47,52 The caregivers  of children with 

T1DM found virtual consultations to be beneficial to themselves and their child.47 These 

caregivers noted benefits including reduced stress accompanied with hospital visits, increased 

flexibility of meeting at different times of the day and increased comfort in having visits in 



M.Sc. Thesis – R. Rajan; McMaster University – Health Research Methodology 

 

 42 

familiar settings.47 Caregivers found reviewing glycemic control data together with healthcare 

providers to be beneficial and were overall satisfied with the virtual diabetes support they 

received during the pandemic.47  

 

These findings were echoed in a study conducted by Fung et al., where families of children with 

diabetes stated that they found virtual diabetes visits to be usable and feasible.49 Most families 

from this study stated that they would opt in to receive virtual visits again in the future. 

However, there were still close to 25% of families would want all future visits to be in-person.49 

In assessing characteristics that may determine which families would prefer virtual visits, Fung 

et al. reported that technological experience (i.e., utilizing CGM or insulin pumps) or distance 

from clinics were not true predictors. Increased refinement is necessary in understanding which 

families would benefit most, or potentially harmed most, with a transition to virtual care.  

 

In patients newly diagnosed with diabetes during the pandemic, provision of technological 

diabetes management devices was found to be valuable. Kaushal et al. suggested that early 

initiation of CGM was associated with improved glycemic control and fostered early acceptance 

of device wear.55 Patients and their families found the data sharing capabilities to be convenient 

and attributed this feature to better glucose monitoring behaviour.55 These patients and their 

families also found virtual consultations to be of increased convenience as they did not have to 

leave work to attend clinic visits and multiple households could join virtual consultations 

easily.55 
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Barriers to virtual consultations were also highlighted during the pandemic. Patients attending 

virtual consultations could not be assessed for anthropometric values.61 This is particularly 

concerning for children with diabetes, as excursions of normal weight, height and/or BMI may 

suggest suboptimal glycemic control that can worsen if not adequately addressed.4,5,9 

Fluctuations in body mass may result from changes in physical activity levels and carbohydrate 

intake, which would necessitate adjustments to insulin regimen in order to uphold optimal 

glycemic control.43-46 Virtual consultations also increased responsibility on patients and their 

families to obtain bloodwork from within the community in their own time, rather than with a 

clinic visit.61 As a result, many patients were missing crucial lab data on HbA1c and markers of 

diabetes-related morbidities.61   

 

Virtual consultations can take a toll on users, as some patients with T1DM and their caregivers 

reported a lack of emotional support and increased neglect from healthcare professionals through 

virtual consultations.62,63 With many forms of virtual communication, non-verbal cues normally 

used to show care, empathy and listening are lost, which may cause feelings of disconnect and 

neglect from patients. It is crucial that with virtual care, healthcare providers adjust their 

communication methods to account for disruptions to normal communication, to ensure patients 

still feel safe and cared for.62,63      

Patients and families who faced technical problems during virtual clinic visits, or who did not 

have the appropriate devices, internet connection or skills to participate were found to opt out of 

virtual visits in the study by Rachmiel et al.63 This finding highlights the need for appropriate 

provision of resources and education for patients who are required to attend virtual visits. For 
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patients who lack access to joining virtual visits should instead be provided with 

accommodations to attend in person.  

 

3.3 Future Considerations 

While virtual care provides many benefits to pediatric patients with T1DM and their families, 

there are still some barriers that need to be addressed. A tailored approach to healthcare delivery 

should be adopted, whereby patient needs are at the center of care delivery. Patients and their 

families should have a choice as to whether they would prefer in-person versus virtual clinic 

visits. That is, in cases where patients are more comfortable with in-person visits, or are due for 

certain tests to be completed, in-person services may be more suitable. On the other hand, 

patients and families who are enthusiastic about virtual visits should be equally provided with 

this option.  

 

Prior to adopting virtual consultations for all pediatric diabetes patients, it is imperative that 

future research evaluates the effectiveness of virtual consultations after the pandemic. 

Restrictions and lockdown measures in place during the pandemic were unique circumstances 

that likely played a large role in the maintenance or improvement of glycemic control reported in 

many studies. However, as these restrictions continue to lift and normalcy is reintroduced, it is 

important to also re-assess virtual consultations and whether maintenance or improvement in 

glycemic control is still seen. Additionally, the studies reporting on glycemic control with virtual 

consultations during the pandemic were largely observational studies in single centres. These 

studies are subjected to bias as well as issues with validity and reliability and cannot yet be 

generalized to other locations or into guidelines. Thus, high quality, longitudinal studies are 
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needed to assess the effects of virtual visits compared to in-person clinic visits in children with 

T1DM.  
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Chapter 4 
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The COVID-19 pandemic necessitated a rapid adoption of virtual care in the field of pediatric 

diabetes during the time of lockdown and restrictions of face-to-face interactions. From this 

study, the pandemic did not lead to an increase in HbA1c in children with T1DM. In patients 

with established diabetes, the pandemic was significantly associated with an increase in reported 

hyperglycemia and a decrease in DKA. There was also no association of the pandemic with 

reported hospitalization and hypoglycemic events, and these outcomes remained stable during 

the pandemic. These results were confirmed with the sensitivity analysis.  

There was a significant increase in patients newly diagnosed with T1DM during the pandemic, 

and in their presentation with DKA and hospitalization. These results provide important insights 

into how patients and healthcare systems responded to the pandemic and the virtual services 

offered during this time.  

Futher research is needed before widescale recommendation of virtual consultations to replace 

in-person clinic visits. As well, barriers to accessing virtual care needs to be addressed before 

widespread recommendation and implementation. While virtual care has numerous benefits and 

is largely accepted by patients and families, these stakeholders should ultimately be provided 

with the consultations delivered according to their needs.  
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