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Abstract

Introduction: The COVID-19 pandemic might have a multifaceted effect on children
with type 1 diabetes (T1D), either directly through infection itself or indirectly due
to measures implemented by health authorities to control the pandemic.
Objective: To compare data on children newly diagnosed with T1D in Kuwait during
the COVID-19 pandemic to the pre-pandemic period.

Research Design and Methods: We analysed data on children aged 12 years or less
registered in the Childhood-Onset Diabetes electronic Registry (CODeR) in Kuwait.
Data were incidence rate (IR), diabetic ketoacidosis (DKA), and its severity and
admission to the paediatric intensive care unit (PICU).

Results: The IR of T1D was 40.2 per 100,000 (95% Cl; 36.0-44.8) during the
COVID-19 pandemic period and was not statistically different from pre-pandemic.
A higher proportion of incident T1D cases presented with DKA and were
admitted to the PICU during the pandemic (52.2% vs. 37.8%: p < 0.001, 19.8% vs.
10.9%; p = 0.002, respectively). The COVID-19 pandemic was positively associ-
ated with presentation of DKA and admission to PICU (AOR = 1.73; 95% ClI,
1.13-2.65; p = 0.012, AOR = 2.04; 95% ClI, 1.13-3.67; p = 0.018, respectively).
Children of families with a positive history for diabetes were less likely to present
with DKA and get admitted to the PICU during the COVID-19 pandemic
(AOR = 0.38; 95% Cl, 0.20-0.74; p = 0.004, AOR = 0.22; 95% Cl, 0.08-0.61;
p = 0.004, respectively).
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1 | INTRODUCTION

Drastic measures to control the COVID-19 pandemic at the national
or regional level may have disrupted prevention and control efforts
targeted towards chronic diseases such as type 1 diabetes (T1D) at
the individual, community, and health-care system levels. The gov-
ernment of Kuwait, in response to the World Health Organisation's
(WHO) declaration of the pandemic in March 2020, implemented
several measures to control the spread of COVID-19. The measures
included stay at home orders, the shut-down of non-essential busi-
nesses, the closure of the airport and land ports, social distancing
protocols, and remote online schooling. Such measures have changed
the face of healthcare delivery in the country, as many elective health
care procedures were suspended, and outpatient care was shifted to
telemedicine. Such measures have been constantly modified ac-
cording to the pandemic situation in the country.

Therefore, the COVID-19 pandemic might have a multifaceted
effect on patients with diabetes in general or T1D in particular, either
directly through infection itself? or indirectly due to measures
implemented by health authorities to control the pandemic. The psy-
chological stress associated with measures to control the spread of
COVID-19, such as lockdowns, closures of schools, social distancing,
and social isolation have been suggested to have a significant role in the
onset, progression, and control of diabetes.>”” Moreover, compro-
mised access to healthcare during the pandemic, as well as fears of
risking infection by obtaining care, may lead to delayed diagnosis, de-
lays in insulin and other treatments, more rapid progression of
hyperglycaemia, and higher frequency of diabetic ketoacidosis (DKA)
in children with newly diagnosed T1D, thus increasing the risk of
morbidity, mortality, and burden on the healthcare system.8~°

We compared data on children newly diagnosed with T1D in
Kuwait during the first 12 months of the ongoing COVID-19
pandemic to the 12 months immediately before the pandemic. Data
on T1D incidence, DKA, and its severity as well as admission to the

paediatric intensive care unit (PICU) were evaluated.

2 | RESEARCH DESIGN AND METHODS

We analysed data on children aged 12 years or less (official age range
definition of paediatric patients in the country) registered in the
Childhood-Onset Diabetes electronic Registry (CODeR) in Kuwait.
CODeR is a prospective population-based diabetes registry and is a

country-wide surveillance system in Kuwait, with validated high

Conclusion: High rates of DKA at presentation and admission to PICU inincident T1D
cases during the COVID-19 pandemic warrant further studies and effective mitiga-
tion efforts through increasing awareness, early detection, and timely intervention.

children, COVID-19, diabetic ketoacidosis, Kuwait, type 1 diabetes

ascertainment. CODeR was established in 2011 and is maintained by
Dasman Diabetes Institute (DDI) in collaboration with the Ministry of
Health (MOH).***? Data on newly diagnosed T1D among children
aged 6 months to 12 years during the COVID-19 pandemic period
(12 months, starting from the first confirmed case of COVID-19 in
Kuwait on 24 February 2020, until 23 February 2021) were
compared with those diagnosed during the same period in the pre-
vious 12 months (from 24 February 2019 till 23 February 2020).
Children younger than 6 months were excluded due to the diagnosis
of neonatal diabetes in this age group.

Data were extracted using standard registry data forms. The
forms included baseline information at the time of diagnosis such as
demographic information, anthropometric measures (weight, height,
and body mass index [BMI]) expressed as standard deviation (SDS)
z-scores according to WHO child growth standards.® Information on
PICU admission, family history of diabetes in first degree relatives,
haemoglobin A1C (HbA1C) and venous gas (pH and bicarbonate in
mmol/L) were also collected. The 2018 International Society of
Paediatric and Adolescent diabetes (ISPAD) guidelines14 were used
to confirm diagnosis of T1D in registered children that is, charac-
terised by the presence by one or more pancreatic antibodies. DKA
was defined as venous pH < 7.3 or serum bicarbonate <15 mmol/L
and further categorised as mild (venous pH < 7.3, serum bicarbonate
<15 mmol/L), moderate (pH < 7.2, serum bicarbonate <10 mmol/L)
or severe (pH < 7.1, serum bicarbonate <5 mmol/L).2° To estimate
incidence rate (IR), population at risk was identified as the total
number of children aged 12 years or less living in Kuwait as provided
by the Kuwait Census Bureau on 1 January 2020.

Statistical analysis was performed on GraphPad Prism, version 8
(San Diego, CA, USA), STATA software version 13.1 and R-Studio.
Differences with p-value of less than 0.05 were considered statisti-
cally significant. All continuous variables were non-normally distrib-
uted in this data set and therefore expressed as median (interquartile
range: IQR). The Mann-Whitney U test was used to test for the dif-
ferences in continuous variables while Pearson's chi-squared test was
used to test for differences in categorical variables. Multiple logistic
regression was used to investigate the effect of the COVID-19
pandemic on DKA, severity of DKA, and PICU admission. In this
analysis, we created an indicator variable (1 = during COVID-19
pandemic and O = pre-pandemic) to be the main explanatory vari-
able while DKA (1 = yes 0 = no) was a main outcome variable. Age,
gender, BMI z-score, and family history of diabetes were all consid-
ered potential confounders (Table 2). The same analysis was repeated

with severe DKA (1 = yes 0 = no) and PICU admission (1 = yes
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T1D: Type 1 Diabetes.

FIGURE 1

Incidence of type 1 diabetes in children aged 12 years or younger by 3-month interval (quarter) during the COVID-19

pandemic period (2019-2020) in comparison to the pre-pandemic period (2020-2021)

TABLE 1 Baseline characteristics of children newly diagnosed with T1D in Kuwait during the COVID-19 pandemic period® in comparison

to the pre-pandemic period®

Pre-pandemic period (2019-2020)

Newly diagnosed, n 303

Crude T1D incidence/100,000 (95% ClI) 37.6 (33.6-42.1)

Male, n (%) 150 (49.5)
Median age, years (IQR) 8.0 (5.3-9.9)
Median HbA1C, % (IQR) 11.5 (9.9-12.6)
BMI, z-score (IQR) 0.25 (-0.9-1.4)
Admitted to PICU, n (%) 33 (10.9)
Family history of diabetes, n (%) 90 (33.8)

DKA, n (%) 113 (37.8)
Severe DKA, n (%) 33 (29.2)

Note: Bold values indicate the significant pvalues i.e., less or equal to 0.05.

COVID-19 pandemic period (2020-2021) p value
324 -

40.2 (36.0-44.8) 0.400
151 (46.6) 0.468
8.2 (5.6-10.0) 0.655
11.8 (10.4-13.0) 0.019
-0.3 (-1.6-1.3) 0.066
64 (19.8) 0.002
94 (36.4) 0.533
166 (52.2) <0.001
60 (36.1) 0.227

Abbreviations: AOR, adjusted odds ratio; BMI: body mass index; 95% Cl, 95% confidence interval; DKA, diabetic ketoacidosis; HbA1C, Haemoglobin
A1GC; IQR, interquartile range; PICU, paediatric intensive care unit; T1D, type 1 diabetes.

2Defined from 24 February 2020 to 23 February 2021.
PDefined from 24 February 2019 to 23 February 2020.

0 = no) as main outcome variables (Table 2). Furthermore, multiple
logistic regression was used to explore the association between
baseline characteristics and DKA, severe DKA, and PICU admission
during the pandemic versus the pre-pandemic period (Table 3). This
analysis was exploratory and guided by clinical judgement and the
literature,'>1¢

The study was approved by the Standing committee for coordi-
nation of health and medical research at the MOH (#1569/2020).

The study was performed in accord with the Declaration of Helsinki.

3 | RESULTS
A total of 324 children aged 6 months to 12 years were newly
diagnosed with T1D during the first 12 months of the COVID-19
pandemic period in Kuwait (males, n = 151, 46.6% and females,
= 173, 53.4%), compared to a total of 303 children during 12
months of the pre-pandemic period. Baseline characteristics of newly
diagnosed children with T1D during the COVID-19 pandemic period
in comparison to the pre-pandemic period are shown in Table 2. No
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TABLE 2 Adjusted odds ratio for DKA, severe DKA, and admission to PICU in children newly diagnosed with T1D during the study

period?®

DKA Severe DKA PICU

AOR 95% ClI p value AOR 95% CI p value AOR 95% CI p value
COVID-19 period® 173 1.13-2.65 0.012 1.72 0.89-3.35 0.109 2.04 1.13-3.67 0.018
Age, years 0.97 0.90-1.00 0.336 1.08 0.97-1.19 0.165 0.90 0.82-0.99 0.034
Sex, male 0.78 0.51-1.20 0.258 0.94 0.48-1.83 0.858 1.05 0.58-1.89 0.872
BMI, z-scores 0.93 0.83-1.00 0.230 1.04 0.88-1.24 0.630 1.03 0.88-1.20 0.718
Family history of diabetes 0.34 0.22-0.54 <0.001 1.08 0.51-2.30 0.845 0.29 0.14-0.61 0.001

Note: Bold values indicate the significant p values i.e., less or equal to 0.05.
Abbreviations: AOR, adjusted odds ratio; BMI: body mass index; 95% Cl, 95% confidence interval; DKA, diabetic ketoacidosis; PICU, paediatric intensive

care unit; T1D, type 1 diabetes.

2Defined from 24 February 2020 to 23 February 2021.

TABLE 3 Adjusted odds ratio for DKA, severe DKA and admission to PICU in children newly diagnosed with T1D during the COVID-19
pandemic period? versus the pre-pandemic period®

DKA Severe DKA PICU
AOR 95% ClI p value AOR 95% ClI p value AOR 95% ClI p value
COVID-19 pandemic
Age, years 0.95 0.86-1.05 0.324 1.03 0.90-1.20 0.636 0.88 0.68-1.00 0.059
Sex, male 0.56 0.30-1.07 0.079 0.70 0.28-1.72 0.435 0.66 0.29-1.52 0.33
BMI, z-scores 0.88 0.74-1.04 0.143 0.95 0.78-1.18 0.680 0.99 0.81-1.22 0.942
Family history of diabetes 0.38 0.20-0.74 0.004 1.30 0.48-3.33 0.631 0.22 0.08-0.61 0.004
Pre-pandemic
Age, years 0.98 0.88-1.08 0.662 1.14 0.96-1.36 0.143 0.92 0.79-1.06 0.249
Sex, male 1.06 0.60-1.88 0.847 131 0.47-3.64 0.600 1.82 0.76-4.39 0.181
BMI, z-scores 0.98 0.84-1.15 0.831 1.21 0.88-1.65 0.239 1.12 0.87-1.45 0.372
Family history of diabetes 0.31 0.16-0.59 <0.001 0.81 0.23-2.93 0.751 0.43 0.15-1.24 0.120

Note: Bold values indicate the significant p values i.e., less or equal to 0.05.
Abbreviations: AOR, adjusted odds ratio; BMI: body mass index; 95% Cl, 95% confidence interval; DKA, diabetic ketoacidosis; PICU, paediatric intensive

care unit; T1D, type 1 diabetes.
?Defined from 24 February 2020 to 23 February 2021.
bDefined from 24 February 2019 to 23 February 2020.

statistically significant differences between Kuwaiti and non-Kuwaiti
children were observed in any of the characteristics evaluated and
therefore, the entire group is presented as one data set.

The IR of T1D was 40.2 per 100,000 (95% Cl; 36.0-44.8) during
the COVID-19 pandemic period and was not statistically different
from 37.6 per 100,000 (95% Cl; 33.6-42.1) during the pre-pandemic
period (p = 0.4). However, during the COVID-19 pandemic, there was
an increase in the number of children newly diagnosed with T1D
when evaluated by 3-month intervals (quarters) up until the interval
of August to November 2020 (Figure 1; p < 0.001). However, in the
last quarter of the COVID-19 pandemic period evaluated in this
study, there was a decrease in the number of children newly diag-
nosed with T1D. In comparison, during the pre-pandemic period,
there was no significant change in the incidence of T1D among
children between the four quarters (Figure 1; p = 0.19). HbA1C, BMI

z-scores, admission to PICU, presentation with DKA, and severity of
DKA were not significantly different between the four quarters
during of the COVID-19 pandemic.

Children newly diagnosed with T1D during the COVID-19
pandemic period presented with a slightly higher HbA1C than those
diagnosed pre-pandemic (median HbA1C 11.8% (IQR 10.4-13.0) and
11.5% (IQR 9.9-12.6) respectively; p = 0.019). Furthermore, a higher
proportion of newly diagnosed T1D cases presented with DKA and
were admitted to the PICU during the pandemic period compared to
those diagnosed during the pre-pandemic period (52.2% vs. 37.8%:
p < 0.001, 19.8% vs. 10.9%; p = 0.002, respectively) (Table 1).

After adjusting for age, gender, BMI z-score and family history of
diabetes, the COVID-19 pandemic period was positively associated
with presentation of DKA and admission to PICU at the time of
diagnosis of T1D (AOR = 1.73; 95% ClI, 1.13-2.65; p = 0.012,
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AOR = 2.04; 95% Cl, 1.13-3.67; p = 0.018 respectively) (Table 2).
When the analysis was repeated with severe DKA as an outcome
variable, the COVID-19 pandemic period was not associated with
severe DKA. Table 3 shows the baseline characteristics associated
with DKA, severe DKA, and admission to the PICU during and before
the COVID-19 pandemic period using logistic regression. Children of
families with a positive history for diabetes were less likely to present
with DKA or get admitted to the PICU during the COVID-19
pandemic compared to children of families without a positive
family history of diabetes (AOR = 0.38; 95% Cl, 0.20-0.74; p = 0.004,
AOR = 0.22; 95% Cl, 0.08-0.61; p = 0.004, respectively). During the
pre-pandemic period, children of families with positive history of
diabetes were less likely to present with DKA as well (AOR = 0.31;
95% Cl, 0.16-0.59; p < 0.001). Although not statistically significant
(p = 0.059), age was slightly inversely associated with admission to
the PICU during the COVID-19 pandemic period (AOR = 0.88; 95%
Cl, 0.68-1.00).

4 | DISCUSSION

In this study compared children newly diagnosed with T1D for 12
months during the COVID-19 pandemic to their counterparts diag-
nosed in the 12 months prior to the pandemic using data from a
validated national surveillance system in Kuwait.1%*? We did not find
any evidence for an increase in T1D incidence among children during
the pandemic period. However, children diagnosed with T1D during
the pandemic were more likely to present with DKA and get admitted
to the PICU. Family history of diabetes was found to reduce the risk
of presentation with DKA and admission to the PICU during the
COVID-19 pandemic period.

Results of our study found no evidence for higher incidence of T1D
among children during the pandemic period compared to the pre-
pandemic period. Similarly, a report from Germany based on a
shorter period of analysis (March to May 2020) found no short-term
effect of the COVID-19 pandemic on T1D incidence in children.?’
However, a multicentre regional study from the United Kingdom re-
ported that from March to June 2020, there was an apparent increase
in children newly diagnosed with T1D in two regional units with 10
cases each compared to two and four cases, respectively, during the
same period in the previous 5 years.'® These reports compared data
over a shorter duration of time, and therefore may not represent true
changes in incidence. Our results add further evidence that during the
first 12 months of the COVID-19 pandemic the overall incidence of
T1D did not significantly increase compared to previous years.

We also noted a trend indicating an accumulative increase in the
number of children diagnosed with T1D as the pandemic continued
during the first three 3-month intervals (quarters) of the study period
followed by a decrease in the last quarter. Such trends might be
corresponding to the overall COVID-19 case-load in the country
among all age groups (Information on COVID-19 status in Kuwait
obtained from https://corona.e.gov.kw/en). Although this observation

is speculative, however it raises questions about potential

multifaceted connections between incident T1D and COVID-19.
Unfortunately, any direct connection between COVID-19 infection
and onset of T1D could not be evaluated in the present study as
COVID-19 testing was not available nor done for all newly diagnosed
children with T1D during the pandemic. While we found an accu-
mulative increase in the incidence of T1D in the first three quarters
during the COVID-19 pandemic, we did not find any significant dif-
ferences between quarters with regard to HbA1C, BMI a-scores,
presentation with DKA and its severity, or admission to PICU.

Results of our study found that children diagnosed with T1D
during the pandemic were more likely to present with DKA and get
admitted to the PICU. Previous reports from Kuwait have highlighted
relatively high rates of DKA at the time of T1D diagnosis. For example,
37.7% of children presented with DKA between 2011 and 2013¢ and
37.8% during the immediate pre-pandemic period in the present study.
During the COVID-19 pandemic period, the rate of DKA at diagnosis
was substantially higher than all previous reports, 52.2%. There
have been several studies reporting an increase in the overall
presentation with DKA, especially severe DKA, during the COVID-19
pandemic.*®-22 The possible causes are likely multifactorial, reflecting
unknown biological factors as well as delays in seeking medical care
due to limited access to health care, fear of seeking medical attention
due to the risk of infection and lack of recognition of DKA symptoms
during periods of high stress.'” However, it should be noted that in
Kuwait access to emergency medical care has not been compromised
during the COVID-19 pandemic, and a majority of the population lives
in districts where medical services remained readily available. This
might explain the unchanged rate of severe DKA in the country during
the pandemic period. It is clearly of concern that serious health
problems such as undiagnosed T1D and DKA might remain undiag-
nosed in times of limited interaction between patients and healthcare
facilities.2® DKA is a serious life-threating complication and might
require the use of intensive care resources when severe, and therefore
is an issue that should be urgently addressed. Special attention is
clearly needed to be given to DKA in children newly diagnosed with
T1D during the pandemic as it is linked to higher risk of morbidity and
mortality as well as associated with increased healthcare expendi-
ture?* during a time of need of all possible resources to be directed
towards fighting the pandemic.

A multicentre study from the Kingdom of Saudi Arabia found
that children newly diagnosed with T1D during the pandemic (from
March to June 2020) presented with higher HbA1C (10.87% in 2019
vs. 12.14% in 2020; p < 0.001).2* In our study, HbA1C during a
12-month period of the pandemic was slightly higher compared to
the pre-pandemic period (11.8% vs. 11.5%; p = 0.019). This was
statistically significant, however, clinically of only minor importance.
Furthermore, there was no significant change in HbA1C between the
different quarters of the COVID-19 period.

Family history of diabetes was associated with lower risk of
presentation with DKA and admission to the PICU during the
COVID-19 pandemic. In earlier studies as well as our analysis of the
pre-pandemic period showed that family history of diabetes was

associated with lower risk of DKA at the time of diagnosis.*>® This


https://corona.e.gov.kw/en

¢of7 | WILEY

AL-ABDULRAZZAQ €T AL

observation has also been made in our study as children from families
with a history of diabetes were less likely to present with DKA and
get admitted to the PICU during the COVID-19 pandemic period.
This might be attributed to high awareness of early signs of the
disease in families with previous experience with diabetes. Age at
diagnosis of T1D was not associated with presentation with DKA or
severe DKA during the pandemic. However, age was slightly nega-
tively associated with admission to the PICU during the pandemic
(p = 0.059). This might reflect a lowering of clinical threshold to admit
younger children newly diagnosed with T1D to the PICU during a
time of the pandemic as an extra precaution. This might also explain
the higher rate of admission to the PICU during the pandemic when
the rate of severe DKA was not different.

To the best of our knowledge, it is the first in the Middle East
region and one of the first internationally to report on a longer period
of the COVID-19 pandemic (12 months). Additionally, our data are
from a validated nation-wide surveillance system (8). Limitations of
our study include lack of data on socioeconomic status and residual
B-cell function (c-peptide levels) which might confound the results
and influence DKA and its severity. Furthermore, lack of data on
COVID-19 status on children at the time of diagnosis which limits
further study on direct impact of the infection on newly diagnosed
T1D in children.

In conclusion, very high rates of DKA at presentation and
admission to PICU in children newly diagnosed with T1D during the
COVID-19 pandemic warrant further studies and effective mitigation
efforts through increasing awareness, early detection, and timely

intervention that need to be prioritised.
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