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Abstract
Background The COVID-19 pandemic and the consequences of lockdown significantly impacted glycemic control.
Aim To evaluate the impact of the pandemic and lockdown on glycemic control among Egyptian children and adolescents 
with type 1 diabetes.
Methods Cross-sectional study conducted through an online questionnaire. The participants were patients with type 1 
diabetes and/or their caregivers
Results A total of 115 valid responses to the questionnaire were received. During the lockdown, almost 64% of patients 
showed worsening of their HbA1C with significant increment of HbA1c after the lockdown (p < 0.001). Synchronous sim-
ple telemedicine service was initiated through phone calls and social media applications, and 97% of the patients and their 
families were successfully able to continue follow-up. Almost 76% of the patients/caregivers showed moderate stress which 
was significantly correlated with HbA1C (p < 0.05). Fear of hospital admission and fear from shortage of medical supplies 
were the main COVID-19-related worries.
Conclusion The lockdown negatively impacted glycemic control and initiated a set of COVID-19 worries and stress among 
patients and their caregivers in Egypt. Telemedicine service, even simple tools, is effective and important for the continuity 
of care among patients. The limited availability and the fear of shortage of medical supply forced patients to ration glucose 
monitoring.

Keywords COVID-19 · Lockdown · Telemedicine · Type 1 diabetes

Introduction

On March 11, 2020, the coronavirus disease 2019 (COVID-
19) was declared as a global pandemic [1]. The pandemic 
significantly impacted all countries, creating heavy burdens 
and affecting different substructures of the country. Global 
measures were promptly initiated to limit spread of infec-
tion, and different countries announced a series of restric-
tions. On March 2020, Egypt imposed a series of nation-
wide lockdown to control the spread of infection [1, 2].

The burden of COVID-19 has been increasing con-
tinuously, and special concerns were linked to patients 
with chronic disorders like diabetes [3]. The implemented 

restrictions and social distancing practices resulted in 
changes in daily routine with modifications of lifestyle and 
dietary habits [4]. It is expected that lockdown could initi-
ate a series of challenges affecting continuity of medical 
care and availability of medical supplies, all of which may 
negatively impact the complex routine management of dia-
betes [3].

Although impact of lockdown on glycemic control among 
patients with type 1 diabetes has been reported in various 
studies [5–7], there is paucity of data addressing the impact 
of lockdown on management of children and adolescents 
with type 1 diabetes in developing countries with limited 
resources.

To the best of our knowledge, this is the first published 
study evaluating the impact of COVID-19 pandemic and 
lockdown on glycemic control among Egyptian children 
and adolescents with type 1 diabetes. The study also aimed 
to highlight and map factors associated with lockdown that 
could affect the overall glycemic control.
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Methodology

This study is a cross-sectional study approved by the local 
ethical committee of Ain Shams University and registered 
in the Clinical Trials Government (NCT04531111). The 
participants were patients with type 1 diabetes and/or their 
caregivers. Children and adolescents with type 1 diabe-
tes, less than 18 years, were recruited from Pediatrics and 
Adolescents Diabetes Unit (PADU), Pediatrics Hospital, 
Ain Shams University.

This study was conducted through an online question-
naire; however, for patients with limited internet access, 
the questionnaire was carried out through phone calls 
(according to patients’ convenience).

Initially, the questionnaire was circulated among 200 
patients with type 1 diabetes, yet 50 patients were not will-
ing to either complete the questionnaire or were not will-
ing to share their data. The remaining 150 questionnaire 
forms were evaluated, 16 forms were excluded because 
patients had associated comorbidities, and additional 19 
forms were excluded as well because forms were not com-
pleted with missing responses.

The questionnaire included four main domains as well 
as reporting HbA1c levels before and after lockdown. 
HbA1C before and after lockdown was assessed using the 
same methodology “cation exchange high performance 
Liquid chromatography (CE-HPLC)”. The first domain 
included demographic data and disease history of the 
patient. The second evaluated the dietary habits, diabetes 
care, and lifestyle before and after lockdown. The third 
reviewed the insulin regimen and requirements together 
with frequency of hypoglycemia and hyperglycemia 
before and after lockdown, and finally, the last domain 
evaluated mainly the COVID-19-related worries among 
patients as well as the communications channels with 
health professionals.

Perceived stress scale-10 (PSS-10) (Arabic Validated 
version) was used (with permission) to measure patients’/
caregivers’ level of stress in response to the extraordi-
nary status of the pandemic and its consequences. It is a 
10-questions scale that was part of the questionnaire [8, 9]. 
Individual scores on the PSS can range from 0 to 40 with 
higher scores indicating higher perceived stress. Scores 
ranging from 0 to 13 were considered low stress, from 14 
to 26 were considered moderate stress, and from 27 to 40 
were considered high perceived stress.

Statistical methods

Analysis of data was done using Statistical Program for 
Social Science version 23 (SPSS Inc., Chicago, IL, USA). 
Continuous variables are presented either as mean ± SD or 
median and interquartile range (IQR). Categorical varia-
bles are presented as percentages. For comparing variables 
before and after lockdown, the two-tail paired Student’s t 
test was performed. Categorical variables were compared 
using Chi square  (X2) test. Pearson correlation coefficients 
were used to assess the association between two normally 
distributed variables. Statistical significance was accepted 
when p < 0.05.

Results

A total of 115 patients responded to the questionnaire. 
About 60% of responders had either or both parents with a 
college or university degree. Almost 95% was on multiple 
daily injections (MDI), and only 5% was on continuous 
subcutaneous insulin infusion (CSII). Only 47% was on 
carb counting. Sixteen patients (13.9%) were using flash 
glucose monitoring system (IsCGMs), and the rest were 
on regular self-monitoring of blood sugar (SMBG) (Sup-
plemental Table).

During lockdown, diet control and eating habits were 
reported as worse in almost 60% of patients. Similar to 
diet control, overall diabetes control was worse during the 
lockdown in almost 59% of patients. Only 40% tended to 
do SMBG at least five times daily. Fluctuation of blood 
sugar with attacks of hyperglycemia and hypoglycemia 
was reported more frequently in 66% and 59%, respec-
tively. With lockdown and poor dietary habits, there was 
an increase in insulin dose (61.7%). HbA1C, a surrogate 
marker of diabetes control, was reported as better in only 
one-third of patients, while the rest had worsening of their 
HbA1C (Fig. 1A). HbA1C significantly increased after 
the lockdown (p < 0.001) with a percentage increment 
of 6.85 ± 1.67% (Fig. 1B). Subset analysis showed that 
HbA1c improved in patients aged less than 5 years with 
a percentage decrement of 4.43 ± 1.469, yet this change 
was not significant. Unlike younger patients, patients aged 
5–10 years and adolescents showed significantly increased 
HbA1C after lockdown with percentage increment of 
8.6 ± 1.484 and 7.43 ± 0.748, respectively (Table 1).

The questionnaire revealed that only 18% of patients were 
enrolled in sports and only 5% continued to perform house-
hold exercises during lockdown (Supplemental Table).

Regarding communication with healthcare profes-
sionals, most patients and families were able to continue 
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follow-up through a synchronous simple telemedicine ser-
vice (real-time telephone or social media applications). 
However, with this facility still around, 3% failed to com-
municate (Supplemental Table).

Table 2 summarizes the demographic data and diabe-
tes management among different age groups. Data showed 
that almost 70% of patients less than 5 years monitored 
blood glucose at least 5 times/day (p < 0.05). There were 
significant differences in the pattern of diabetes control 
among different age groups. Patients aged 5–10 years and 
older patients tended to show worse control (p < 0.01).

When evaluating the impact of duration of diabetes, 
eating habits and overall diabetes control during lockdown 
period was the worst among patients with diabetes dura-
tion of 1–5 years with more significant attacks of hypogly-
cemia and hyperglycemia (Fig. 2).

The COVID-19-related worries among the studied 
cohort were mainly the fear to catch SARs-COV2 infec-
tion, fear from getting admitted with any diabetes-related 
complication, and finally from shortage of medical sup-
plies (Supplemental Table).

On analyzing the PSS-10, almost 76% showed mod-
erate stress. A significant positive correlation was found 
between HbA1C both before and after lockdown (p < 0.05) 
(Fig. 3). Severe stress was more evident among caregivers 
of infants and toddlers with diabetes (Table 2).

Discussion

Patients with chronic conditions including diabetes experi-
enced challenges during the period of lockdown especially 
patients in developing countries with pronounced barriers 
in accessing healthcare services and medical supplies [3].

To achieve tight control, monitoring of blood sugar all 
over the day in children with type 1 diabetes is mandatory; 
meanwhile, those with fluctuating blood sugar or inter-
mittent hypoglycemia, blood glucose should be checked 
at least four times a day with additional check in case of 
signs or symptoms of occurring hypoglycemia [10].

It is obvious from the current study that about 51% of 
the patients monitored their blood glucose less frequent 
during the lockdown period with 60% of patients moni-
toring less than three times daily. The defect in SMBG 
could be related to shortage of supply or lack of insurance 
as most supplies are covered by insurance. This negative 
impact of lockdown was also reported in a similar study in 
Middle East where a higher percentage of families (43%) 
had to ration or cut down the use of glucose test strips 
which led to more frequent hypo-/hyperglycemic excur-
sions in glucose levels in most of their children [11].

When the lockdown was eased early in July, most 
patients were able to check their HbA1C, and there was 

Fig. 1  Patterns of changes in HbA1C among the studied cohort 
during the lockdown period. During the period of lockdown, about 
64% of patients showed an increase in the level of HbA1C, HbA1C 
was decreased in 34%, and it was unchanged in about 3% (A). The 

mean HbA1C significantly increased after lockdown (B). The HbA1c 
before lockdown ranged from 6.2 to 12% (44–108) with a mean of 
8.49 ± 1.26% (69) compared to HbA1C ranging from 5.8 to 14% (40–
130) after lockdown with an average of 9.04 ± 1.84% (75) (p < 0.001)

Table 1  Effect of lockdown on 
HbA1C among different age 
groups

HbA1C% (IFCC) % change p value Sig

Before lockdown After lockdown

Age 0–5 years 8.55 ± 1.33 (70) 8.08 ± 1.22 (65)  − 4.43 ± 1.47 0.280 NS
Age 5–10 years 8.26 ± 1.23 (67) 8.94 ± 1.64 (74) 8.6 ± 1.5 0.001 HS

Age 10–18 years 8.65 ± 1.27 (71) 9.28 ± 2.01(78) 7.43 ± 1.8 0.003 HS
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Table 2  Demographic data and diabetes management among different age groups

† SMBG self-monitoring of blood glucose, ♦ PSS-10 perceived stress scale-10

Age 0–5 years Age 5–10 years Age 10–18 years p value

No. = 10 No. = 44 No. = 61

Duration of diabetes 6 months–1 year 7 (70.0%) 9 (20.5%) 4 (6.6%) 0.000
1–5 years 3 (30.0%) 30 (68.2%) 20 (32.8%)
 > 5 years 0 (0.0%) 5 (11.4%) 37 (60.7%)

Gender Male 6 (60.0%) 21 (47.7%) 26 (42.6%) 0.571
Female 4 (40.0%) 23 (52.3%) 35 (57.4%)

Insulin regimen Multiple daily injections 8 (80.0%) 43 (97.7%) 58 (95.1%) 0.074
Insulin pump 2 (20.0%) 1 (2.3%) 3 (4.9%)

Number of daily injection of insulin Less than 3 times/day 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.123
3 times/day 0 (0.0%) 9 (20.5%) 6 (9.8%)
More than 3 times/day 10 (100.0%) 35 (79.5%) 55 (90.2%)

Eating habits and diet control during 
lockdown

Same 5 (50.0%) 11 (25.0%) 13 (21.3%) 0.325
Better 0 (0.0%) 7 (15.9%) 10 (16.4%)
Worse 5 (50.0%) 26 (59.1%) 38 (62.3%)

Frequency of daily SMBG † during 
lockdown

Less than 3 times/day 3 (30.0%) 10 (22.7%) 21 (34.4%) 0.048
3–4 times/day 0 (0.0%) 19 (43.2%) 16 (26.2%)
5–7 times/day 7 (70.0%) 15 (34.1%) 24 (39.3%)

Diabetes control during lockdown Same 7 (70.0%) 9 (20.5%) 11 (18.0%) 0.008
Better 0 (0.0%) 8 (18.2%) 12 (19.7%)
Worse 3 (30.0%) 27 (61.4%) 38 (62.3%)

Hyperglycemia more often after the 
lockdown

No 5 (50.0%) 16 (36.4%) 18 (29.5%) 0.406
Yes 5 (50.0%) 28 (63.6%) 43 (70.5%)

Hypoglycemia more often after the 
lockdown

No 4 (40.0%) 16 (36.4%) 27 (44.3%) 0.718
Yes 6 (60.0%) 28 (63.6%) 34 (55.7%)

Exercise before lockdown No 9 (90.0%) 37 (84.1%) 51 (83.6%) 0.874
Yes 1 (10.0%) 7 (15.9%) 10 (16.4%)

Exercise during lockdown No 10 (100.0%) 41 (93.2%) 59 (96.7%) 0.531
Yes 0 (0.0%) 3 (6.8%) 2 (3.3%)

Method of communication Physical visit 0 (0.0%) 3 (6.8%) 5 (8.2%) 0.159
Phone call 8 (80.0%) 20 (45.5%) 19 (31.1%)
Social media 2 (20.0%) 20 (45.5%) 35 (57.4%)
Couldn’t communicate 0 (0.0%) 1 (2.3%) 2 (3.3%)

Satisfaction with communication Not satisfied 0 (0.0%) 3 (6.8%) 8 (13.1%) 0.860
Mildly satisfied 2 (20.0%) 7 (15.9%) 14 (23.0%)
Satisfied 8 (80.0%) 34 (77.3%) 39 (63.9%)

Afraid about shortage of supply No 1 (10.0%) 4 (9.1%) 14 (23.0%) 0.142
Yes 9 (90.0%) 40 (90.9%) 47 (77.0%)

COVID-19-related worries Difficulty in contacting healthcare 
physician

1 (10.0%) 1 (2.3%) 1 (1.6%) 0.69

Afraid of not finding the medical 
care if infected with COVID-19

1 (10.0%) 5 (11.4%) 12 (19.7%)

Feeling more susceptible to infec-
tion

3 (30.0%) 13 (29.5%) 17 (27.9%)

Fear of hospital admission 5 (50.0%) 25 (56.8%) 31 (50.8%)
PSS-10 ♦ Moderate stress 4 (40.0%) 35 (79.5%) 49 (80.3%) 0.017

High perceived stress 6 (60.0%) 9 (20.5%) 12 (19.7%)
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an overall significant increase in mean HbA1C. Although 
being non-significant, HbA1C improved in toddlers and 
preschoolers; however, school children and adolescents 
had significant worsening. This is similar to previous stud-
ies which showed that the pandemic and lockdown nega-
tively impacted the metabolic control of type 1 diabetes 
among children and adolescents [11–13]. However, data 
from the current study, regarding impact of lockdown on 
glycemic control, was in contrast to data explored by pre-
vious studies showing no worsening or even improvement 
of glycemic control during the period of lockdown [5–7]. 

Differences in study population as well as differences in 
standards of care together with differences in availabil-
ity of medical supply could provide insight and possible 
explanation for such observed difference.

In concordance with a study conducted among an Indian 
cohort, a country with limited resources as ours, poor dietary 
habits and lack of physical exercise are noticeable causes of 
the poor glycemic control during the period of lockdown 
[13].

Limited outdoor activities, with increased desire for fre-
quent snacking especially with online learning, had made 
it noticeable that dietary habits and control were becoming 
worse among almost all age groups; however, those with 
newly diagnosed diabetes or duration less than a year were 
the best in regard to maintaining diet control in comparison 
to those with longer duration. We speculated that parents or 
caregivers of patients, whose disease duration is less than a 
year, took over diabetes control all over the day, which may 
partially explain the relative improvement in dietary habits. 
Similarly, Shah et al. highlighted the importance of family 
support in maintaining a steady daily routine [14].

The pandemic impacted the practice and the standard of 
care offered to patients with type 1 diabetes and the imple-
mentation of telemedicine service, which became a crucial 
tool in managing patients [15, 16].

With the onset of lockdown, our diabetes team started 
to launch a telemedicine service. Synchronous simple ser-
vice was used by sharing logbooks and patients’ inquiries 
through social media applications (WhatsApp and Face-
book) and phone calls. Around 97% of the patients and their 
families were successfully able to communicate with their 
medical team, and almost 70% were more or less satisfied. 
Similar data from a Jordanian study showed the efficacy of 
simple basic ways of telemedicine service in managing type 
1 diabetes through sharing data from logbooks and adjusting 
insulin regimens [11].

This survey explored the worries associated with COVID-
19 among the studied cohort and showed that the pandemic 
was associated with different worries among patients with 
diabetes. Almost half was afraid from hospital admission 
and contacting infection, and about 29% was feeling more 

Fig. 2  Eating habits and overall diabetes control during lockdown 
period among patients with different duration of diabetes. Eating 
habits (A) and overall diabetes control (B), during lockdown period, 
were the worst among patients with diabetes duration of 1–5  years 
(p < 0.05)

Fig. 3  Correlation between 
PSS-10 and HbA1C before and 
after lockdown. A significant 
positive correlation was noticed 
between PSS-10 and glycemic 
control, as reflected by HbA1C 
before (A) and after lockdown 
(B) (p < 0.001)
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susceptible to infection. Beside the previous worries, the 
majority was afraid of shortage of medical supplies.

Joensen and colleagues showed that their studied cohort 
was most frequently worried about COVID-19, 56% was 
worried of being severely affected due to diabetes, 28% was 
afraid of being unable to manage diabetes if infected with 
COVID-19, and 24% was worried from lack of medical sup-
plies [17]. In this context, different resources and diabetes 
fact sheets were developed aiming to support and manage 
patients’ worries and concerns about COVID-19 [18–20].

The current study evaluated the levels of perceived stress 
among patients and/or caregivers during the challenging 
period of lockdown. Sixty percent perceived moderate stress, 
and 40% perceived severe stress. This was shown in a similar 
study where more than half of the studied cohort reported 
moderate stress [12].

Several studies evaluated perceived stress among patients 
with diabetes and correlated it with patients’ glycemic con-
trol. Diabetes treatment, management and perception of 
complications anticipated by poorly controlled patients sig-
nificantly impact patients’ perception of stress [21, 22]. A 
significant positive correction was noticed between PSS-10 
and pre-lockdown Hb A1C. Similar finding was reported by 
Agarwal et al., where they observed higher PSS-10 scores 
among adolescent patients with poor glycemic control. They 
attributed such observation to the fact that the pandemic 
could possibly augment pre-existing health-related stress 
[12].

Similar to the findings reported by Agarwal et al. [12], we 
observed a significantly positive correlation between level of 
perceived stress and patients’ glycemic control, as reflected 
by Hb A1C level assessed after ease of lockdown. Stress is 
known to negatively impact outcome of disease, and this 
could be related to non-adherence to medication and disrup-
tion of healthy lifestyle as well [23].

The pandemic affected all aspects of life with special 
impact on patients with type 1 diabetes. The main limitation 
of the current study is relatively small sample size represent-
ing data from a single center. The absence of data assessing 
the history of COVID-19 infection in patients/caregivers as 
well as contact with suspected or confirmed cases is another 
limitation of the current study. Additionally, the disadvan-
tages associated with the nature of online survey with its 
potential have limited the ability to access certain portals.

Conclusion

The pandemic had a significantly negative impact on glyce-
mic control among Egyptian children and adolescents with 
type 1 diabetes. The restriction of mobility due to the lock-
down created barriers in assessing health team and continu-
ity of healthcare, all of which highlighted the importance of 

initiating a telemedicine service. The limited availability and 
the fear of shortage of medical supply forced the patients to 
ration glucose monitoring. The lockdown affected patients/
caregivers perception of stress and initiated a set of COVID-
19 worries.
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