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Aims: Diabetic ketoacidosis is the most severe metabolic derangement due to prolonged
insulin deficiency as in type 1 diabetes. Diabetic ketoacidosis, a life-threatening condition,
is often diagnosed late. A timely diagnosis is mandatory to prevent its consequences,
mainly neurological. The COVID-19 pandemic and lockdown have reduced the availability
of medical care and access to hospitals. The aim of our retrospective study was to
compare the frequency of ketoacidosis at the diagnosis of type 1 diabetes between the
lockdown-post lockdown period and the previous two calendar years, in order to evaluate
the impact of the COVID-19 pandemic.

Patients and Methods: We retrospectively assessed the clinical and metabolic data
at the diagnosis of type 1 diabetes in children in the Liguria Region during 3 different
time periods: calendar year 2018 (Period A), calendar year 2019 until February 23,2020
(Period B) and from February 24, 2020 onwards to March 31, 2021 (Period C).

Results: We analyzed 99 patients with newly-diagnosed T1DM from 01/01/2018 to 31/
03/2021. Briefly, a younger age at diagnosis of T1DMwas observed in Period 2 compared
to Period 1 (p = 0.03). The frequency of DKA at clinical onset of T1DMwas similar in Period
A (32.3%) and Period B (37.5%), while it significantly increased in Period C (61.1%)
compared to Period B (37.5%) (p = 0.03). PH values were similar in Period A (7.29 ± 0.14)
and Period B (7.27 ± 0.17), while they were significantly lower in Period C (7.21 ± 0.17)
compared to Period B (p = 0.04).

Conclusions: An increase in the frequency of diabetic ketoacidosis has been
documented in newly diagnosed pediatric patients in the Liguria Region during and
after the lockdown period compared to previous calendar years. This increase could have
been caused by the delay in diagnosis following the restrictions imposed by the lockdown
with consequently reduced access to health care facilities. More information on the risks of
ketoacidosis is desirable by means of social and medical awareness campaigns.
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INTRODUCTION

In early December 2019, the first patient suffering from a strange
form of pneumonia due to a new infectious agent was reported in
Hubei Province, China (1). The disease caused by the Severe
Respiratory Syndrome Corona Virus 2 (SARS-CoV-2),
recognized as Coronavirus Disease 19 (COVID-19) has spread
rapidly across China and worldwide. The World Health
Organization defined the COVID-19 outbreak a Public Health
Emergency of International Concern on January 30, 2020, and a
pandemic was declared on March 11, 2020. On March 9 an
epidemic state was declared and a subsequent lockdown
restriction was imposed by the government from March 9 to
May 3, 2020 (2). These measures were followed by a reduction in
new cases of COVID-19 infection, which intensely modified the
lifestyle of healthy and sick people.

In addition to different and conflicting data reported on its
clinical severity, the COVID-19 pandemic has represented a
serious global concern for patients with chronic conditions, as
outpatient activities have been suspended to address emergency
situations, with consequent impairment of follow-up programs.
Moreover, the restrictions imposed by the lockdown together
with the fear of being infected have reduced the number of
accesses and the availability of health care services. In addition,
the resources and workforce were inevitably concentrated on the
COVID-19 pandemic. As a result, attention to diseases other
than COVID-19 has decreased, with subsequent delay in the
recognition and diagnosis of several serious pediatric diseases,
such as type 1 diabetes mellitus (3).

Type 1 diabetes mellitus (T1DM) is an autoimmune disease
that occurs in genetically susceptible subjects. Genetic
susceptibility alone does not explain the development of the
disease, therefore environmental factors play a role as a trigger
for the autoimmune response (4, 5). Although several factors
have been studied, a specific one is not yet known (5, 6).

The clinical onset of T1DM is preceded by an asymptomatic
period characterized by insulitis responsible for progressive
insulin deficiency, with loss of glucose availability (7). The
consequences of insulin deficiency are the rise of counter-
regulatory hormones, blood glucose levels and osmolality,
resulting in polyuria and polydipsia up to a metabolic
decompensation called Diabetic Ketoacidosis (DKA) (8).

DKA is a severe complication of T1DM caused by an insulin
deficiency. It includes hyperglycemia affecting osmotic diuresis
and volume depletion, electrolytes imbalance, production of
ketoacids, and metabolic acidosis. Weight loss, polyuria, and
polydipsia are reported. DKA, whose severity depends on
delayed recognition, is observed not only at clinical diagnosis
of T1DM but also during follow-up, and represents a seriously
negative prognostic factor (9, 10).

According to the ISPAD Guidelines, DKA is defined as
random plasma glucose >250 mg/dl, pH <7.3, and serum
bicarbonate <15 mEq/l (11).

The worldwide incidence of T1DM is variable but has grown
more than two to three times in recent decades, particularly in
Finland and in the Sardinia region, Italy (12, 13). Similarly, DKA
shows an even higher prevalence than expected, despite the
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periodic implementation of awareness campaigns (14). In Italy,
DKA accounts for up to 41.2% of new cases of T1DM (12). DKA
can also develop in patients with well-known T1DM; it is
referred to as recurrent DKA, and its frequency varies among
different countries, reaching up to 8 per 100 person-years (15).
Correct and timely diagnosis of T1DM and also careful follow-up
of patients are the cornerstones for DKA prevention, which
should be a goal for pediatricians (16, 17). Several data
records report an increased frequency of DKA during the
COVID-19 pandemic (18–22). Reduced hospital admissions
and increased fear of COVD-19 have been considered the most
important factors.

The aim of our cross-sectional study was to compare the
frequency of DKA between different time periods, i.e., before and
during the lockdown period due to the COVID-19 pandemic.
MATERIALS AND METHODS

We retrospectively analyzed clinical and metabolic data of all
newly-diagnosed T1DM patients, aged 0.18 years, in the calendar
years of 2018 to 2021. Data were collected from the medical
records of 3 different pediatric hospitals active in the Liguria
Region: the Giannina Gaslini Pediatric Clinic, the hub hosting
the Regional Reference Center for Pediatric Diabetes established
according to the Regional Law n. 27, 9 August 2013 (23),
and 2 spokes: the Pediatric and Neonatology Unit, San Paolo
Hospital, Savona and the Maternal Childhood Department,
Imperia Hospital.

We enrolled 99 children and adolescents living in the Liguria
Region, diagnosed during 3 different time periods: calendar year
2018 (Period A) and calendar year 2019 until February 23,2020
(Period B), i.e., before the spread of the COVID-19 pandemic,
and from February 24, 2020 to March 31, 2021 (Period C), i.e.,
during the pandemic period.

Period A included 31 patients, Period B included 32 patients
and Period C included 36 patients. Mean age was 10.3 ± 4.4 years
in Period A, 8.2 ± 3.7 years in Period B and 8.8 ± 4.7 years in
Period C. Clinical characteristics are reported in Table 1. T1DM
was diagnosed according to the ISPAD Guidelines, i.e., random
glucose levels >250 mg/dl, in the presence of symptoms such as
polyuria, polydipsia, and weight loss up to DKA. Severity of
DKA was classified according to the ISPAD Guidelines: random
plasma glucose >250 mg/dl, pH <7.3, and serum bicarbonate <15
mEq/l. In particular, 7.1 ≤pH <7.3 defines mild/moderate DKA
and pH <7.1 defines severe DKA (11).

The positivity of one or more markers of b-cell
autoimmunity, i.e., anti-Glutamic Acid Decarboxylase (GAD),
anti insulin (IA), anti Zinc Transporter 8 (ZnT8), anti-Tyrosine
Phosphatase 2 (IA2) autoantibodies confirmed the autoimmune
etiology of diabetes. Patients with type 2 diabetes, monogenic or
other types of diabetes, and other forms of secondary
dysglycemia were excluded from the study.

For each T1DM patient we evaluated height with Harpender
stadiometer to the nearest 0.1 cm, weight to the nearest 0.1 kg
with a calibrated scale, BMI calculated as weight in kilograms
divided by the square of height in meters. BMI-SDS was
February 2022 | Volume 3 | Article 846827
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calculated on the reference values of age and gender. We also
measured random plasma glucose, HbA1c, fasting C-peptide,
total serum IgA levels, liver and kidney function, and serum
markers of autoimmune diseases frequently associated to T1DM,
i.e., celiac disease by means of anti-transglutaminase IgA
(tTGAAb), and thyroid autoimmune disease by means of anti-
thyroglobulin (TgAb) and thyroperoxidase (TPOAb)
autoantibodies, and serum levels of FT4 and TSH.

Nasal swab for the diagnosis of COVID-19 infection was
performed in all patients admitted during and after the
lockdown period.

Our study analyzed anonymized and unidentifiable clinical
data collected routinely at diabetes clinical onset in the medical
records from three hospitals involved, and would not affect care
of patients, therefore we consider ethical committee approval to
be not mandatory.

Statistical Analysis
Descriptive statistics were generated for the entire cohort and
data were expressed as mean and standard deviation (SD), for
continuous variables, and as absolute or relative frequencies for
categorical variables. Non-parametric analysis (Mann–Whitney
U-test) for continuous variables and the Chi square or Fisher’s
exact test for categorical variables were used to measure
differences between groups. P-values ≤0.05 were considered
statistically significant, and all P-values were based on two
tailed tests. Statistical analysis was performed using SPSS for
Windows (SPSS Inc., Chicago, IL, USA).
RESULTS

We analyzed 99 patients with newly-diagnosed T1DM from
January 1, 2018 to March 31, 2021. Clinical and metabolic data
are reported in Table 1.

DKA was present in 44% of newly-diagnosed patients. In
particular we observed 10 cases (32.3%) of DKA in Period A, 12
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cases (37.5%) in Period B and 22 cases (61.1%) in Period C. The
frequency of DKA at T1DM clinical onset was similar in Period
A patients (32.3%) and Period B patients (37.5%), while it
significantly increased in Period C patients (61.1%) compared
to Period B patients (37.5%) (p = 0.03) (Table 1).

Briefly, a younger age at disease diagnosis was observed in
Period B patients compared to Period A patients (p = 0.03)
(Table 1). No significant differences were found in age at
diagnosis between Period B patients and Period C patients.

Moreover, pH values were similar in Period A patients (7.29 ±
0.14) and in Period B patients (7.27 ± 0.17), while they were
significantly lower in Period C patients (7.21 ± 0.17) compared to
Period B patients (p = 0.04) (Table 1).

HbA1c levels and BMI-SDS were not different between the 3
calendar periods patients. Similarly, we did not found any
difference in the frequency of celiac disease and/or thyroid
autoimmune diseases in our patients. Nasal swab for COVID-
19 was negative in all tested patients and their caregivers.

During this time period only a girl admitted with mild
metabolic decompensation, obesity, and family history for type 2
diabetes mellitus and absence of b-cell autoimmunity markers was
diagnosed as type 2 diabetes and was not included in this study.
DISCUSSION

In our retrospective study we evaluated the different frequencies
of DKA at T1DM clinical diagnosis in a population of children
and adolescents referred: 1 our Regional Reference Center for
Pediatric Diabetes and 2 pediatric hospital in-ward in the Liguria
Region. Our findings provide an additional picture of the clinical
changes that occurred during the COVID-19 pandemic in Italy
regarding T1DM, and confirm the increased frequency DKA in
newly-diagnosed pediatric T1DM, as reported by others (18).

DKA still represents the worst clinical onset of T1DM and is
an acute and life-threatening complication of the disease. DKA
negatively affects the entire course of the disease, being associated
TABLE 1 | Clinical characteristics of the enrolled patients.

Time period 2018 January 1, 2019 to
February 23, 2020

February 24, 2020 to
March 31, 2021

p-value
2018 vs 2019

p-value
2019 vs 2020

p-value
2018 vs 2020

PERIOD A PERIOD B PERIOD C
N = 31 N = 32 N = 36

Age at T1DM diagnosis (years) 10.30 ± 4.44 8.24 ± 3.66 8.77 ± 4.70 0.03 0.78 0.11
HbA1c (%) 11.07 ± 2.9 11.04 ± 1.9 10.8 ± 2 0.81 0.61 0.90
BMI-SDS −0.20 ± 1.07 0.11 ± 1.66 0.21 ± 1.17 0.69 0.57 0.25

N (%) N (%) N (%)
Celiac disease (tTGAAb) 2 (9.5) 5 (20) 7 (24.1) 0.43 0.75 0.27
TgAb 1 (5.6) 1 (4.5) 3 (10.7) 1 0.62 1
TPOAb 2 (11.1) 1 (4.5) 1 (3.6) 0.58 1 0.55
DKA 10 (32.3) 12 (37.5) 22 (61.1) 0.79 0.09 0.03
pH 7.29 ± 0.14 7.27 ± 0.17 7.21 ± 0.17 0.80 0.06 0.04
pH*
<7 2 (6.9) 3 (9.4) 7 (20.6)
≥7 e <7.3 8 (27.6) 9 (28.1) 15 (44.1)
≥7.3 19 (65.5) 20 (62.5) 12 (35.3)
February
 2022 | Volume 3 |
*p-value = 0.09.
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with longer hospitalization, more difficult achievement of good
metabolic control, reduced frequency and duration of the
remission phase, even higher morbidity and mortality rate (9).

Several conditions have been evaluated as predisposing factors
for DKA, namely, younger childhood, absence of first-degree
relatives with T1DM, low socioeconomic status (meaning less
availability of medical care), and poor awareness of diabetes
symptoms (17). The increased severity of and frequency of DKA
at T1DM clinical onset reported during and after lockdown period
could be the consequence of a substantial decrease in attendance at
the Pediatric Emergency Units and general practitioners. The risk
of delayed diagnosis of several potentially serious conditions, such
as T1DM, has been reported in both the adult and pediatric age
groups (24, 25). A possible explanation for this delay in diagnosis
could be the increased attention of healthcare system to the
COVD-19 pandemic and related problems, together with the
difficulties of travel and reduced access to medical care for
children and their families linked to the lockdown itself. It is
noteworthy that delayed diagnosis and scarce awareness are the
most important factors for DKA severity.

An Italian pediatric multicenter cross-sectional study aimed
at evaluating whether the initial phase of COVID-19 pandemic
influenced the frequency and severity of DKA recorded data
from 68 pediatric diabetes Centers belonging to the Italian
Society for Pediatric Endocrinology and Diabetes (18). The
authors reported a 23% reduction in T1DM cases in 2020
compared to 2019. However, among patients diagnosed with
DKA, the frequency of severe DKA was higher in 2020 than in
2019 (18). The authors concluded that the early clinical diagnosis
of T1DM was severely affected by the pandemic, and that greater
awareness is warranted in case of a “second wave”. It is worth
noting that we did not observe a reduction in the number of new
T1DM cases in our case series. Another study evaluated the
frequency of DKA in 532 pediatric patients with newly-
diagnosed T1DM using data from the German Diabetes
Prospective Follow-up Registry, which covers more than 90%
of pediatric T1DM. DKA was observed in 44.7% of cases and
severe DKA in 19.4% of cases, with a significantly higher
frequency than in the 2 previous years (19). The authors
hypothesized multifactorial underlying causes, notably the
reduction of medical services and the fear of approaching the
health care systems, and socioeconomic factors (24, 25).

The incidence of T1DM in 2020 has been reported to follow
the upward trend reported between 2011 and 2019, indicating
the lack of short-term influence of the COVID-19 pandemic.
Despite the stressful situation, social distancing during the
lockdown reduced the exposure to common infections, which
are a trigger for the development of DKA (20).

The UK Association of Children’s Diabetes Clinicians found a
51% DKA rate at T1DM clinical diagnosis, higher than
previously observed, and ascribed to fear of COVID-19,
inability to access medical services, and misdiagnosed
symptoms as the most important causative factors (21).

A Polish study reported a 12% higher incidence of DKA in
pediatric patients diagnosed withT1DM in 2020 compared to
2019, with a significant increase in DKA severity (22).
Frontiers in Clinical Diabetes and Healthcare | www.frontiersin.org 4
Type 1 and type 2 diabetes increase the negative impact of
COVID-19 infection (26), therefore patients with T1DM deserve
attention (27). To this purpose, recommendations for COVID-
19 in children and adolescents with T1DM have been published
(28). Despite the increased frequency of DKA at T1DM clinical
onset, no association with other autoimmune diseases has been
found (29, 30).

We are aware that our study confirms previous findings
already reported, otherwise it strengthens the importance of a
global awareness campaign aimed to avoid delayed diagnosis and
the subsequent risk of DKA.

Our study has several limitations. First of all, while dealing
with a very serious typical issue for pediatric diabetes, it confirms
the results already reported. Moreover, the sample size is not so
relevant to be considered representative of a population-based
study. Further epidemiological studies that also take into account
the impact of socioeconomic status on the severity of T1DM
are mandatory.
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