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Abstract 

Background Covid-19 has impacted the lives of individuals worldwide especially those with chronic illnesses. Chil-
dren with type 1 diabetes (T1DM) are at risk of glycemic deterioration during the Covid-19 pandemic. However, some 
studies reported glycemic improvement in these children during the pandemic.

Aim To assess the impact of Covid-19 on glycemic control and acute complications among children with T1DM 
on insulin pump in Egypt.

Methodology Forty-two children with T1DM on insulin pump for at least 1 year were assessed during the period 
from June 2020 to May 2021 for insulin requirements, insulin-pump problems, frequency of diabetic-ketoacidosis 
(DKA), hypoglycemia and HbA1C. Continuous-glucose monitoring was done using Medtronic i-pro device for 5 days. 
Data were compared to those obtained from the patients’ medical records 1 year previously.

Result Upon comparing data during Covid-19 pandemic with previous data from 12–24 months before Covid-19, 
there was a significant small increase in the mean total daily insulin dose from 0.83 ± 0.28 to 0.88 ± 0.30 U/kg/day 
with a similar small increase in the mean basal percentage from 51.19 ± 3.46 to 52.74 ± 4.31. Interestingly, the median 
time in range showed small increase from 53 (IQR 47–61) to 57.0 (IQR 51–73), the mean coefficient of variation 
showed small decrease from 42.10 ± 9.90 to 38.20 ± 8.12 and the mean HbA1C significantly decreased from 8.8 ± 1.3 
(72.31 ± 16.78 mmol/ml) to 7.8 ± 1.2 mg/dl (61.31 ± 16.62 mmol/mol). Twenty-nine children (69%) had insulin-pump 
problems in the form of skin irritation (31%), skin infection (7.1%) and pump Set/Site occlusion (31%).

Conclusion No safety issues and overall glycemic improvement were reported among the children with T1DM 
on insulin pump therapy from this single center during the covid-19 pandemic.

Keywords Covid-19, Glycemic variability, Time in range, Children, T1DM

Introduction
Covid-19 has negatively influenced physical activity, 
dietary pattern and psychological status of individuals 
especially those with diabetes with increased feelings 
of stress and anxiety [1]. During the pandemic, hospi-
tals and health care professionals were shifted to deal-
ing with patients with Covid-19, which undermined the 
healthcare for other illnesses; all of which might have 
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negatively influenced the glycemic control in people 
with diabetes [2].

In Pediatrics, data suggest that Covid-19 outcomes and 
prognosis in children and adolescents with T1DM are 
similar to their peers without diabetes and consistently 
milder than adults with diabetes [3].

The use of continuous glucose monitoring (CGM) 
system and telemedicine has allowed healthcare profes-
sionals to remotely monitor changes in glycemic control 
during the Covid-19 pandemic [4]. Children with T1DM 
wearing insulin pumps were found to have better gly-
cemic control and better coping with stress and anxiety 
caused by the pandemic, with fewer hyperglycemic epi-
sodes than those on multiple daily injections (MDI) [5].

Although the impact of Covid-19 on adults with dia-
betes has been reported in various studies [6–8], there is 
paucity and discrepancy of literature about its impact on 
children with T1DM. Hence, this study aimed to assess 
the impact of COVID-19 on glycemic control among 
children with T1DM on insulin pump in Egypt and 
to explore it’s relation to various clinico-demographic 
parameters and acute diabetes complications.

Methodology
Study design and ethical considerations
This real life cohort study included forty two children 
and adolescent with T1DM on insulin pump for at 
least 1 year, aged 6–18 years old. T1DM was defined 
according to the criteria of the ISPAD 2018 [9]. Exclu-
sion criteria included children with other types of dia-
betes (e.g. T2DM, maturity onset diabetes of youth, 
secondary diabetes), patients with comorbid diseases 
e.g. autoimmune diseases, psychiatric disorders, car-
diac, neurological and hepatic disorders. Participants 
were enrolled from the regular attendees of the Pedi-
atrics and Adolescent Diabetes Unit (PADU), faculty 
of medicine, Ain-shams University during the period 
from June 2020 to May 2021.

Ethical approval was obtained from the Research Ethics 
Committee of Faculty of Medicine, Ain Shams University 
(FMASU REC) with an approval number MS 496/2020. 
A written informed consent was obtained from each 
patient and/or their legal guardians prior to enrollment 
in the study.

Advice for study design and sample size was taken 
from the public health department, Faculty of Medicine, 
Ain Shams University. Sample size was calculated using 
G*power program, setting the type-1 error (α) at 0.05 
and the power (1- β) at 0.8. Result from previous study 
[10], showed that the mean glucose before Covid-19 pan-
demic was 170 ± 45 mg/dl while during the pandemic 

was 160 ± 40 mg/dl, with an assumed correlation of 0.75 
between pre and during glucose values. Calculation 
according to these values produced a sample size of at 
least 38 cases to be representative.

Study procedures
Detailed medical history was taken with special emphasis 
on demographic data, age at onset of diabetes, diabetes 
duration, insulin therapy and history of acute metabolic 
complications (frequency of DKA in the last year and 
hypoglycemia and nocturnal hypoglycemia in the last 
week). History of suggestive of any complications related 
to insulin pumps use was taken as irritation, skin infec-
tion or pump Set/Site occlusion. Insulin therapy was 
assessed including basal rate, insulin carbohydrate ratio, 
insulin sensitivity score and total daily insulin require-
ments. The frequency and method of health care access 
and availability (delivery and cost) of insulin pump sup-
plies (including infusion sets, reservoirs and cartridges, 
batteries, prep wipes, tape, and liquid adhesive) and glu-
cose strips were sought. Assessment of any complications 
related to insulin pumps as pump Set/Site occlusion or 
skin infection was done. History was collected during 
regular clinic visits as well as Telemedicine visits phone 
calls, video calls, whatsapp group and telemonitoring.

Thorough clinical examination was done laying stress 
on anthropometric measures including weight in kilo-
grams (Kg), height in centimeters (cm) and body mass 
index (BMI) in kg/m2 with plotting them on the age and 
gender standard percentiles [11].

Mean fraction-C of glycosylated hemoglobin (HbA1C) 
in the last year prior to the study was assessed using D-10 
BioRad, France [12].

Continuous glucose monitoring
Medtronic iPro2 Recorder continuous glucose moni-
toring system (CGM) was used through insertion of 
a glucose oxidase-based sensor in the subcutaneous 
area of the abdomen. The system recorded the glucose 
readings over 24 h continuously for 5 days. All can-
didates were instructed to follow their usual diet and 
insulin regimen. Calibration of the sensor with the 
glucometer was done after 2 h, 8 h and 12 h, respec-
tively, to assure accuracy. The recorded data was 
obtained and downloaded using Medtronic Diabetes, 
CareLink software. Nocturnal hypoglycemia, hyper-
glycemia, average glucose and time in range (TIR) 
were obtained for each participant. TIR is defined as 
time spent between 70–180 mg/dL (3.9–10 mmol/L), 
hyperglycemia is defined as CGMS reading > 180mg/dl 
(10 mmol/L); while hypoglycemia is defined as CGMS 
reading < 70mg/dl (3.9 mmol/L) [13].
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Glycemic Variability (GV) is the degree of fluctua-
tion in blood glucose values over a given time period. 
In the short term, these oscillations can be described 
with intraday variability metrics.  Currently, the coef-
ficient of variation (%CV) is considered the metric 
of choice to describe intraday GV. International con-
sensus on CGM recommends classifying values of 
%CV ≥ 36 as high GV and patients with these values as 
unstable [14].

• All clinical, laboratory and CGM collected data for 
assessment during the Covid-19 pandemic were 
recorded in the period from June 2020 to May 2021. 
They were compared with previous participant’s data 
in the period from June 2018 to May 2019 obtained 
from the patient and the caregiver and the patients’ 
medical records.

Statistical analysis
Data were collected, revised, coded and entered to the 
Statistical Package for Social Science (IBM SPSS) ver-
sion 23. The quantitative data were presented as mean, 
standard deviations and ranges when their distribution 
found parametric and median with inter-quartile range 
(IQR) when their distribution found non parametric. 
Also qualitative variables were presented as number and 
percentages.

The comparison between two groups regarding qualita-
tive data were done by using Chi-square test and Fisher 
exact test instead of Chi-square test when the expected 
count in any cell found less than 5.

The comparison between two independent groups with 
quantitative data and non-parametric distribution was 
done by using Mann-Whitney test while the compari-
son between more than two groups was done by using 
Kruskall-Wallis test. Spearman correlation coefficients 
were used to assess the correlation between two quan-
titative parameters in the same group. The confidence 
interval was set to 95% and the margin of error accepted 
was set to 5%. So, the p-value was considered significant 
when p-value is < 0.05.

Results
The mean age of the studied children with T1DM was 
12.31 ± 3.28 years. They were 15 males and 27 females 
with a male to female ratio of 1: 1.8. The mean dura-
tion of insulin pump wearing at the study start was 
39.23 months, range 24–52. Their mean insulin require-
ments during the Covid-19 pandemic were 0.88 ± 0.30, 

range 0.5- 1.8 with a median ICR of 15, range 8–50 and 
ISF of 52.5, range 20–150. None of the studied children 
reported problems with the availability of pump supplies, 
whereas twenty nine children (69%) had insulin pump 
problems in the form of skin irritation (31%), skin infec-
tion (7.1%) and pump Set/Site occlusion (31%). The clin-
ico-demographic data of the studied children with T1DM 
on insulin pump during COVID-19 pandemic are listed 
in Table 1.

Regarding CGM data, the median time in range spent 
was 57%, range 12–80, and the mean coefficient of varia-
tion was 38.2%, range 23.3–54.4, Table 2.

Upon comparing data during Covid-19 pandemic 
with previous data from 12–24 months before Covid-
19, there was a significant small increase in the mean 
total daily insulin dose from 0.83 ± 0.28 to 0.88 ± 0.30 
U/kg/day (p = 0.001) with a similar small increase 
in the mean basal percentage from 51.19 ± 3.46 to 
52.74 ± 4.31 (p = 0.011), Fig. 1 and Table 3. Notably, the 
number of children with T1DM on insulin pump who 
developed DKA per year decreased significantly from 
21 children before the Covid-19 (50%) to 6 children 
(14.3%) during the Covid-19 pandemic (p = 0.007), 
Fig.  2 and Table  3. Interestingly, small increase in 
the median time in range from 53 (IQR 47–61) to 
57.0 (IQR 51–73), p = 0.009, small decrease in the 
mean coefficient of variation from 42.10 ± 9.90 to 
38.20 ± 8.12, (p = 0.001) and significant decrease in the 
mean HbA1C from 8.8 ± 1.3 (72.31 ± 16.78 mmol/ml) 
to 7.8 ± 1.2 mg/dl (61.31 ± 16.62 mmol/mol), p = 0.001 
were reported during the Covid-19 pandemic, Figs.  3 
and 4 and Table 3.

Interestingly, CGM data showed a 12.68% increase in 
the time in range and 11.33% decrease in the coefficient 
of variation than the previous year, Table 4.

Discussion
Glycemic deterioration has been reported as a compli-
cation of Covid-19 in patients with impaired glucose 
regulation or diabetes mellitus [4]. Nevertheless, data 
about the impact of Covid-19 on glycemic control in 
children with T1DM is scarce; with no similar stud-
ies form Egypt. Two studies conducted in Italy have 
reported improved glycemic control early during the 
Covid-19 pandemic in adults with T1DM using flash 
glucose monitoring. They attributed this to slowing 
down their routine daily activities as these patients 
had stopped working routine and the absence of the 
usual daily stress levels [10, 15].  In contrast, Tao et al. 
reported glycemic deterioration during the Covid-
19 pandemic, which they attributed to older age, less 
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Table 1 Clinico-demographic of the studied children with T1DM 
on insulin pump during COVID-19 pandemic

T1DM Type 1 diabetes mellitus, BMI Body mass index, ICR Insulin to carbohydrate 
ratio, ISF Insulin sensitivity factor, DKA Diabetic ketoacidosis

Children with T1DM on 
insulin pump during 
COVID-19
No. = 42

Age (Year)

 Mean ± SD 12.31 ± 3.28

 Range 7–18

Gender

 Female 27 (64.3%)

 Male 15 (35.7%)

Duration of diabetes (Years)

 Mean ± SD 5.40 ± 2.93

 Range 2–13

Weight z-score

 Median (IQR) -0.31 (-0.79–0.61)

 Range -1.5–2.28

Height z-score

 Median (IQR) 0.04 (-0.82–0.52)

 Range -2.3–2.31

BMI z-score

 Median (IQR) -0.19 (-0.62–0.64)

 Range -2.49–2.89

Insulin dose (unit/Kg/day)

 Mean ± SD 0.88 ± 0.30

 Range 0.5–1.8

Basal percentage (%)

 Mean ± SD 52.74 ± 4.31

 Range 50–60

ICR

 Median (IQR) 15 (10–20)

 Range 8–50

ISF

 Median (IQR) 52.5 (40–80)

 Range 20–150

Insulin pump problems

 Positive 29 (69.0%)

 Skin irritation 13 (31.0%)

 Skin infection 3 (7.1%)

 Pump obstruction 13 (31.0%)

Availability of insulin pump supplies

 Positive 42 (100.0%)

DKA / year

 Positive 6 (14.3%)

Frequency of hypoglycemia /week

 Median (IQR) 3 (2–3)

 Range 0–7

Frequency of nocturnal hypoglycemia /week

 Median (IQR) 2 (1–3)

 Range 1–4

Table 2 Glycemic data of the studied children with T1DM on 
insulin pump during COVID-19

T1DM Type 1 diabetes, HbA1C Glycated hemoglobin, CGM Continuous glucose 
monitoring system, LDL Low density lipoproteins, HDL High density lipoproteins, 
UACR  Urinary albumin creatinine ratio

Children with T1DM on insulin 
pump during COVID-19
No. = 42

Maximum CGM reading (mg/dl)

 Mean ± SD 336.38 ± 44.58

 Range 251–400

Maximum CGM reading (mmol/L)

 Mean ± SD 18.69 ± 44.58

 Range 13.94 ± 22.22

Minimum CGM reading (mg/dl)

 Mean ± SD 50.71 ± 12.88

 Range 40–89

Minimum CGM reading (mmol/L)

 Mean ± SD 2.82 ± 0.72

 Range 2.22–4.94

Average CGM reading (mg/dl)

 Mean ± SD 163.02 ± 31.89

 Range 105–265

Average CGM reading (mmol/L)

 Mean ± SD 9.06 ± 1.77

 Range 5.83–14.72

Time above range (%)

 Median (IQR) 39 (30.5–45)

 Range 10–86

 < 25 8 (19.0%)

 ≥ 25 34 (81.0%)

Time in range (%)

 Median (IQR) 57.0 (51–73)

 Range 12–80

 < 70 24 (57.1%)

 ≥ 70 18 (42.9%)

Time below range (%)

 Median (IQR) 3 (1–11)

 Range 0–16

 < 5 18 (42.9%)

 ≥ 5 24 (57.1%)

Coefficient of variation (%)

 Mean ± SD 38.20 ± 8.12

 Range 23.3–54.4

 < 36 22 (47.6%)

 ≥ 36 20 (52.4%)

HbA1C (mg/dl)

 Mean ± SD 9.0 ± 1.2

 Range 6.5–11

HbA1C (mmol/mol)

 Mean ± SD 75 ± 16.62

 Range 48–97

 < 7 14 (33.3%)

 ≥ 7 28 (66.7%)
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education, poor medication compliance and less self-
monitoring blood glucose [16].

In the pediatric population, Wu et  al. 2021 showed 
no deterioration in glycemic control in children and 
adolescents with T1DM in China during the Covid-
19 pandemic [17]. However, Predieri et  al. reported 
improvement of glycemic control in the form of 
decreased coefficient of variation and increased time in 
range in children with T1DM using CGM, in a cohort 
from Italy. They attributed this to the more stable life 
rhythm and more constant parental diabetes care dur-
ing the pandemic [18]. This goes in concordance with 
the current study that found significant improvement 
in the HbA1C, time in range and coefficient of varia-
tion among the studied children with T1DM on insulin 
pump during the Covid-19 pandemic than the previous 
year. The improvements in control are likely reflect-
ing increased supervision and perhaps attention by 
the parents of children with T1DM during this period 
especially when there was theoretical worry diabetes 
may worsen infection and the implementation of tel-
emedicine visits monthly through phone calls with a 
24 h whats-app group for emergencies.

In the current study, the number of children with 
T1DM on insulin pump who developed DKA per year 
was found to decrease from 21 children before the 
Covid-19 (50%) to 6 children (14.3%) during the covid-19 
pandemic. However, the small sample size limits gener-
alization of these results. This goes in line with a study 
from Saudi Arabia that showed that despite the marked 
increase in the overall DKA frequency and severity dur-
ing than before the Covid-19 pandemic, there was a 
decrease (although nonsignificant) in the frequency of 
DKA from 97 (86.6%) to 65 (73.8%) and severe DKA from 
20 (83.3%) to 16 (69.5%) among children with known 
T1DM [19]. In a German study comparing the frequency 

of DKA among children with diabetes before and during 
the covid-19 pandemic, they found significant increase 
in the overall frequency of DKA in 2020 than the same 
period of time in 2019. However, these changes were not 
so evident among those with known diabetes; seven chil-
dren (17.4%) in 2020 compared to six children (10.9%) 
during the same period of time in 2019 [20]. The over-
all increase in the DKA rates could be attributed to the 
increase of the frequency of newly diagnosed DKA with 
the occurrence of the pandemic due to the virus itself and 
the decreased health care access and fear of hospital vis-
its that occurred during the pandemic; while the decrease 
or stability in the frequency of DKA among those with 
known T1DM especially those using insulin pump could 
be attributed to the increased close monitoring by the 
caregivers to their children with diabetes owing to the 
increased time spent with them and the fear of Covid-19 
related morbidity and mortality in this vulnerable popu-
lation that was suggested with the start of the pandemic 
and the increased use of telemedicine especially among 
those on insulin pump.

The use of diabetes technology is rapidly increasing 
worldwide, with new technologies being introduced to 
the market continuously aiming to achieve better gly-
cemic control by the patients and their caregivers [21]. 
The current study showed improvement of the glycemic 
parameters of the studied children with T1DM on insu-
lin pump during the Covid-19 pandemic. This goes in line 
with results from similar studies relating the improvement 
of glycemic control during the Covid-19 pandemic to the 
use of diabetes technology and telemedicine [18, 19]. In a 
study by Gherbon and colleagues involving 122 Romani-
ans with T1DM; 80 on MDI and 22 on insulin pump; those 
on MDI showed significant worsening of their blood glu-
cose levels during the Covid-19 pandemic in comparison 
to those on insulin pump who showed improvement of 

Fig. 1 Daily insulin requirements and basal percentage among children with T1DM on insulin pump during and before Covid-19
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Table 3 Comparison of the clinico-laboratory and CGM data of the studied children with T1DM on insulin pump before and during 
the Covid-19 pandemic

Before Covid-19 During Covid-19 Test value P-value
No. = 42 No. = 42

Weight z-score

 Median (IQR) -0.3 (-0.75–0.67) -0.31 (-0.79–0.61) -0.131c 0.896

 Range -1.45–2.26 -1.5–2.28

Height z-score

 Median (IQR) 0.1 (-0.77–0.53) 0.04 (-0.82–0.52) -1.857c 0.063

 Range -2.59–2.35 -2.3–2.31

BMI z-score

 Median (IQR) -0.03 (-0.69–0.69) -0.19 (-0.62–0.64) -1.369c 0.171

 Range -2.51–2.54 -2.49–2.89

Insulin dose (unit/Kg/day)

 Mean ± SD 0.83 ± 0.28 0.88 ± 0.30 3.757b 0.001
 Range 0.5–1.7 0.5–1.8

Basal percentage (%)

 Mean ± SD 51.19 ± 3.46 52.74 ± 4.31 2.680b 0.011
 Range 45–60 50–60

ICR

 Median (IQR) 15 (10–20) 15 (10–20) -1.300c 0.194

 Range 8–30 8–50

ISF

 Median (IQR) 57.5 (40–90) 52.5 (40–80) -0.052c 0.959

 Range 20–150 20–150

Insulin pump problems

 Negative 17 (40.5%) 13 (31.0%) 0.830a 0.362

 Positive 25 (59.5%) 29 (69.0%)

DKA /year

 Positive 21 (50%) 6 (14.3%) 12.104c 0.007
Frequency of hypoglycemia/ week

 Median (IQR) 3 (3–3) 3 (2–3) -2.858a 0.004
 Range 0–7 0–7

Frequency of nocturnal hypoglycemia/ week

 Median (IQR) 2 (2–4) 2 (1–3) 1.340 0.180

 Range 1–5 1–4

Time above range (%)

 Median (IQR) 41 (31–47) 39 (30.5–45) 0.506c 0.613

 Range 13–75 10–86

 < 25 6 (14.3%) 8 (19.0%) 0.343a 0.558

 ≥ 25 36 (85.7%) 34 (81.0%)

Time in range (%)

 Median (IQR) 53 (47–61) 57.0 (51–73) 2.105c 0.035
 Range 19–83 12–80

 < 70 35 (83.3%) 24 (57.1%) 6.891a 0.009
 ≥ 70 7 (16.7%) 18 (42.9%)

Time below range (%)

 Median (IQR) 6 (2–8) 3 (1–11) 0.330c 0.742

 Range 0–24 0–16

 < 5 18 (42.9%) 18 (42.9%) 0.000a 1.000

 ≥ 5 24 (57.1%) 24 (57.1%)
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their blood glucose levels which they attributed to delayed 
administration of insulin and inadequate insulin dosing by 
those on the MDI. In addition, insulin pump users were 
found to have improved response to stress and anxiety [5]. 
This could be attributed to the use of telemedicine and the 
beneficial effect of diabetes technology including continu-
ous glucose monitoring.

Strength and limitations
Although this study was the first to report the impact 
Covid-19 on glycemic control among children with 

T1DM in Egypt; it has some limitations; first it is a sin-
gle center study including children who were already 
on insulin pump (only a small sample of the clinics 
children are on insulin pump) which may not repre-
sent all diabetes treatment facilities in Egypt. Moreo-
ver, the small sample size might undermine the ability 
to draw causal inferences. Hence, further prospective 
studies with larger samples comparing children on 
insulin pump and those on MDI are needed to explore 
the sustainability of the changes reported in glycemic 
control and their relation to acute and chronic diabetes 

Table 3 (continued)

Before Covid-19 During Covid-19 Test value P-value
No. = 42 No. = 42

Coefficient of variation (%)

 Mean ± SD 42.10 ± 9.90 38.20 ± 8.12 -2.174b 0.036
 Range 20.3–77.4 23.3–54.4

 < 36 8 (19.0%) 22 (47.6%) 10.163a 0.001
 ≥ 36 34 (81.0%) 20 (52.4%)

HbA1C (mg/dl)

 Mean ± SD 8.8 ± 1.3 7.8 ± 1.2 4.263b 0.001
 Range 6–11.5 4.9–11.3

HbA1C (mmol/mol)

 Mean ± SD 72.31 ± 16.78 61.31 ± 16.62

 Range 42– 102 30–100

P-value < 0.05: Significant

T1DM Type 1 diabetes mellitus, BMI Body mass index, ICR Insulin to carbohydrate ratio, ISF Insulin sensitivity factor, DKA Diabetic ketoacidosis, CGM Continuous 
glucose monitoring system, HbA1C Glycated hemoglobin
a Chi-square test
b Paired t- test
c Wilcoxon Rank test

Fig. 2 Comparison between the frequency of hypoglycemia and DKA during and before Covid-19 among children with T1DM on insulin pump
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Fig. 3 Glycemic parameters of the studied children with T1DM during and before Covid-19

Fig. 4 Overlay of continuous glucose monitoring record of male patient no.14 aged 11 years old before (a) and during (b) the Covid-19 pandemic
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complications and to evaluate the effectiveness and 
outcomes of telemedicine services used.

Conclusion
No safety issues and overall glycemic improvement 
were reported among the children with T1DM on insu-
lin pump therapy from this single center during the 
covid-19 pandemic.
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