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Background and aims: To elucidate the clinical features of COVID-19 patients with type 1 diabetes (T1D)
under hospitalization and home isolation conditions.
Method: This retrospective study was conducted among 32 patients with COVID-19 and T1D, who sought
treatment at the Prince Sultan Military Medical City, Riyadh, Saudi Arabia between May 01, 2020 and July
30, 2020. Patients data were extracted from electronic medical records.
Results: Of the total of 32 COVID-19 patients with T1D, 21.9% required hospitalization, while 78.1% un-
derwent home isolation. Among the study population, 9.4% (3/32) were reported to have hypertension,
21.9% (7/32) had chronic pulmonary disease (CPD), 18.8% (6/32) had thyroid disorders, and 18.8% (6/32)
had the celiac disease. Of the 32 studied patients, 68.8% (22/32) of them were reported as normal, while
28.1% (9/32) had chronic kidney disease (CKD) II and 3.1% (1/32) had end-stage renal failure. The most
common symptoms observed among the hospitalized patients were nausea and vomiting (71.4%; 5/7),
followed by fever (57.1%; 4/7), cough (42.8%; 3/7), sore throat (42.8%; 3/7), abdominal pain (42.8%; 3/7)
and dyspnea (42.%; 3/7). The most common reasons for hospitalization were diabetic ketoacidosis (71.4%;
5/7) followed by bacterial pneumonia (14.3%; 1/7), fever (14.3%; 1/7), sore throat (14.3%; 1/7), severe
hyperglycemia (14.3%; 1/7) and COVID-19 pneumonia (14.3%; 1/7). Except the severity of COVID-19
(p ¼ 0.0001), none of the demographic and clinical parameters indicated statistically significant differ-
ences between patients requiring hospitalization and home isolation.
Conclusion: Majority of the COVID-19 patients with T1D recovered with conservative treatment at home.
Diabetic ketoacidosis was the most common reason for hospitalization.

© 2020 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

During the latter part of 2019, a new coronavirus which induced
severe acute respiratory syndrome (SARS-CoV-2) made its
appearance in Wuhan (China) [1]. In the first half of 2020 Coro-
navirus Disease 2019 (COVID-19) spread like wildfire across several
countries, after which it was formally announced to be a pandemic
[2]. Globally, COVID-19 has triggered extensive damage to public
health and precipitated economic crises on a worldwide level. Until
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August 23, 2020, the record shows that the COVID-19 has affected
227 countries and territories across the world, including Saudi
Arabia [3].

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is part of the SARS coronavirus family, well known to attack
the pancreas, affecting both the exocrine and endocrine cells [4].
Earlier studies stated that diabetes had been related to reduced
patient outcomes during the previous coronavirus epidemics, the
SARS-CoV andMiddle East Respiratory Syndrome (MERS) [5,6]. The
postulation put forth was that diabetes predisposes to a dysregu-
lated immune response culminating in a pathological condition of
the lung [7,8]. Data are available on the higher incidence of severe
acute respiratory distress syndrome, increased need for hospitali-
zation and even mortality, in patients with type 2 diabetes (T2D).
However, information continues to be very limited on the clinical
outcomes for those patients with type 1 diabetes (T1D) together
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with confirmed COVID-19. Several reasonsmay be present to justify
a low occurrence of COVID-19 in patients with T1D, particularly the
T1D identified in the younger age groups and the lower incidence of
the disease, as compared to the patients with T2D in the general
populace [9,10]. On the contrary, from the surveys done in the
recent past, individuals with T1D have also been found at risk of
contracting severe COVID-19, necessitating a hospital stay [11].
There appear to be multifactorial reasons for the poor prognosis in
individuals who have diabetes, which is indicative of the syndromic
characteristics of diabetes and age, sex, ethnicity, comorbidities
such as hypertension, cardiovascular disease, obesity, and a pro-
inflammatory and pro-coagulative state, all make contributions
towards adding up to the patient running the risk of experiencing
inferior outcomes [11,12].

From a geographical perspective, the Kingdom of Saudi Arabia is
one of the principal sovereign states in Western Asia, ranked at the
second country for being the largest among the Arab countries. It is
the fifth-largest country in Asia, with more than 34.8 million people,
population-wise. The report of the 9th edition of the International
Diabetes Federation (IDF) Diabetes Atlas (2019) shows that 27,800
children and adolescents in Saudi Arabia suffer from T1D. This pro-
pels Saudi Arabia to be listed among the top countries concerning
the number of patients with TID. In terms of the rate of incidence of
T1D, Saudi Arabia ranks 5th on a global scale (31.4 per 100,000
persons) [13]. Therefore, the risk of COVID-19 among patients with
T1D signals greater alarm in Saudi Arabia, as a significant number of
patients with T1D are present, who face particular concerns and
challenges during this present and continuing COVID-19 pandemic.
Therefore, in this study, the objective was to identify the clinical
characteristics of COVID-19 patients with T1D who either require
hospitalization or manage the disease with home isolation.

2. Methods

2.1. Study design and setting

This retrospective study was conducted among 32 patients with
COVID-19 and T1D, who sought treatment at the Prince Sultan
Military Medical City (PSMMC), Riyadh, Saudi Arabia between May
01, 2020 and July 30, 2020.

Our study revealed that all the patients had a clear diagnosis of
T1D, based on the documentation their physicians had entered in
the electronic medical records of the PSMMC. The study protocol
received approval from the Research and Ethics Committee of
PSMMC, Riyadh, Saudi Arabia.

2.2. Inclusion and exclusion criteria

This study included all patients diagnosed with T1D with
COVID-19. The exclusion criteria for participating in this study
included pregnant women having gestational diabetes, patients
with T2D and diabetes diagnosed when the COVID-19 test was
confirmed.

2.3. Measurements

Patients were diagnosed as COVID-19 positive based on the
interim guidance of the World Health Organization, employing the
nasopharyngeal and RT-PCR standard method of detection of SARS-
CoV-2.

2.4. Home isolation

Only confirmed asymptomatic patients or clinically stable in-
dividuals with mild symptoms (with no oxygen requirements/and
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no evidence of pneumonia) were granted permission for home
isolation [14].

2.5. Hospital admission severity criteria

1) Mild to moderate: Patients displaying clear upper respiratory
and constitutional symptoms or individuals showing signs of early
clinical or radiological pneumonia. 2) Severe: Patients exhibiting
�1 of the symptoms mentioned, namely, respiratory rate �30/min,
blood oxygen saturation �93%, PaO2/FiO2 ratio <300 or lung in-
filtrates >50% of the lung field within a 24- to 48-h time period and
3) Critical: Patients revealing �1 of the symptoms listed: acute
respiratory distress syndrome (ARDS), sepsis, altered conscious-
ness, multi-organ failure or cytokine release syndrome [14].

2.6. Data collection

For all the patients hospitalized, as well as for those on home or
self-isolation, a review was done of their medical records and
laboratory data. Data were collected on patient age, sex, body mass
index (BMI), duration of diabetes, and hemoglobin A1c (HbA1c)
value. In addition, we gathered information on any other comor-
bidities present in the patient, such as hypertension, cardiovascular
disease (CVD), cerebrovascular disease, chronic pulmonary disease
(CPD), thyroid disorder, celiac disease, chronic kidney disease
(CKD), COVID-19 pneumonia, malignancy and glucose monitoring
tool. We also noted records of the diabetes treatment for all the
participants in this study.

2.7. Statistical analysis

The data were analyzed employing Microsoft Excel 2010
(Microsoft Corporation, Seattle, WA, United States) and the Statis-
tical Package for Social Sciences version 22 (SPSS Inc. Chicago, IL,
United States). The continuous variables are shown as the mean
values ± SD, and the categorical variables are expressed in fre-
quencies and percentages. In addition to the descriptive analysis,
the unpaired t-test was done for normally distributed continuous
variables, the ManneWhitney U test was applied for the non-
normally distributed continuous variables and chi-square test
was utilized for the categorical variables.

3. Results

The demographic and mean values of the variables in the study
are shown in Table 1. Females (56.3%; 18/32) were found to be more
vulnerable to contracting the COVID-19 than the males. A higher
proportion of the patients with COVID-19 were �20-year (62.5%;
20/32) age group, 56.3% (18/32) had BMI< 25, 93.7% (30/32) re-
ported HbA1c values � 7% and 56.3% (18/32) of the patients had
been diabetics for <10 years. Further, 9.4% (3/32) of the patients
were known to have hypertension, while 21.9% (7/32) suffered from
CPD, 18.8% (6/32) had thyroid disorder, and 18.8% (6/32) were
known to have the celiac disease. Of the 32 studied patients, 68.8%
(22/32) were considered as normal, while CKD II was found in 28.1%
(9/32) and end-stage renal failure was noted in 3.1% (1/32). Of the
total number of T1D patients, 21.9% (7/32) were hospitalized, while
78.1% (25/32) developed only mild COVID-19, which, based on the
local guidelines were manageable at home isolation. A mean hos-
pital length of stay of 3.33 ± 2.5 days was noted for hospitalized
patients.

In Fig. 1, the common symptoms observed in the hospitalized
COVID-19 patients with T1D are listed. The most common symp-
toms observed among the hospitalized patients were nausea and
vomiting (71.4%; 5/7) followed by fever (57.1%; 4/7), cough (42.8%;



Table 1
Demographic and clinical characteristics of the study population (n ¼ 32).

Variables Groups Numbers Percentage

Gender Female 18 56.3
Male 14 43.8

Age (years) <20 12 37.5
�20 20 62.5

Body mass index (kg/m2) <25 18 56.3
�25 14 43.8

Hemoglobin A1c (%) <7% 2 6.3
�7% 30 93.7

Duration of Diabetes (years) <10 18 56.3
�10 14 43.8

Continuous Glucose Monitoring Yes 20 62.6
Insulin pump user Yes 2 6.3
Cardiovascular disease Yes 0 0
Hypertension Yes 3 9.4
Chronic pulmonary disease Yes 7 21.9
Cerebrovascular disease Yes 1 3.1
Malignancy Yes 0 0
Thyroid disorder Yes 6 18.8
Celiac disease Yes 6 18.8
Hospital length of stay (days) Mean ± SD 3.33 ± 2.5 e

Death Yes 0 0
Management site Hospital 7 21.9

Home 25 78.1

Fig. 1. Symptoms of COVID-19 among hospitalized patients with type 1 diabetes
(n ¼ 7).
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3/7), sore throat (42.8%; 3/7), abdominal pain (42.8%; 3/7) and
dyspnea (42.8%; 3/7).

In Table 2, the reasons for hospitalization of the participants in
the study are listed. It was clear that DKA (71.4%; 5/7) was the most
common cause of hospitalization, after which followed bacterial
pneumonia (14.3%; 1/7), fever (14.3%; 1/7), sore throat (14.3%; 1/7),
severe hyperglycemia (14.3%; 1/7) and COVID-19 pneumonia
(14.3%; 1/7).

In Table 3, the differences are shown, in terms of the de-
mographic and clinical factors to the hospitalization and home
isolation of the T1D patients with COVID-19. No statistically sig-
nificant relationship could be seen between patients requiring
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hospitalization and home isolation, with related to the age, HbA1c
values or duration of diabetes. It was the similar case for patients
with hypertension, CVD, cerebrovascular disease, CPD, malignancy
as well as those experiencing the severity of the CKD (p ¼ > 0.05).
However, there was a significant difference noted between the
different groups for COVID-19 severity (p ¼ 0.0001).

4. Discussion

The present and advancing COVID-19 is an acute infectious
respiratory infection that can cause severe pneumonia, which can
culminate in death [15,16]. It now ranks as the top global health
headline, raising severe public concern. Despite, the paucity of
knowledge regarding the effects of the current COVID-19 pandemic
on T1D is recognized, a few research works done in the first half of
2020, have suggested a bidirectional connection between T1D and
COVID-19. In fact, diabetes has become well-known as an impor-
tant risk factor necessitating hospital admission, severe illness and
evenmortality among patients who contract the COVID-19 [17e19].
However, it must be stated that all T1D patients do not show equal
susceptibility to higher COVID-19-induced severity risk and death.
There are definite clinical and biological features that are distinctive
for the high-risk phenotypes among the individuals with diabetes
and these crucial prognostic markers must be clearly classified [20].
In the current study, the aim is to explain the clinical features that
distinguish the COVID-19 patients with T1D who required hospi-
talization from those patients managed on home isolation. To the
best of our knowledge, this is the first study, that gives a detailed
description of the COVID-19 in T1D patients, in the Middle East
region, concerning the demographic data and clinical features.

Of the total of 32 COVID-19 patients with T1D, 21.9% required
hospitalization, while 78.1% showed mild symptoms of COVID-19,
which were managed with home isolation. Also, no event of
death was noted in the small population sample of the study, which
implies that even though hyperglycemia and DKA frequently occur
in T1D individuals who contract COVID-19, several patients
continue to manage this infection at home, and on the whole, there
is a relatively lowmortality rate. In a large study done in England, it
was reported that of the 23,698 cases of COVID-19 requiring hos-
pitalization, 7434 (31∙4%) deaths were seen of T2D patients and
only 364 (1.5%) of T1D individuals [17].

The current study revealed that in patients requiring hospitali-
zation, the most common symptoms seen were nausea and vom-
iting (71.4%) with those of fever (57.1%), cough (42.8%), sore throat
(42.8%), abdominal pain (42.8%) and dyspnea (42.8%). From an
earlier study, from the Centers for Disease Control and Prevention,
USA, the conditions of fever, cough, shortness of breath, myalgia,
runny nose, sore throat, headache, nausea or vomiting, abdominal
pain, diarrhea, or any combination of these were listed as the most
significant symptoms for those affected by COVID-19 [21].

The results of the present study demonstrate that the patients
with T1D who required hospitalization for COVID-19 treatment
belonged to the older age group (23.4 vs 27.1 years), and showed
no marked difference concerning gender, BMI, hypertension,
HbA1c, and eGFR; it was the same case with those having a history
of CVD and CKD patients between those needing to be hospital-
ized and those on self-isolation at home. These findings also
concurred with an earlier report, which stated that there was no
relationship between COVID-19 and HbA1c and the comorbidity
profile, either in those patients admitted to the hospital or at
home [22]. A report on Saudi Arabia highlighted the fact that
children constituted the lowest percentage of confirmed COVID-
19 cases, with the recovery rate showing no significant differ-
ence between children with comorbidities such as T1D and the
healthy ones [23].



Table 2
Reason for hospitalization, treatment, site of hospitalization among COVID-19 patients with diabetes (n ¼ 7).

Characteristic Category Numbers (Percentage)

Reason of hospitalization Diabetic ketoacidosis (DKA) 5 (71.4)
Bacterial pneumonia 1 (14.3)
Fever 1 (14.3)
Sore throat 1 (14.3)
Sever hyperglycemia 1 (14.3)
Covid-19 Pneumonia 1 (14.3)

Treatment DKA treatment 4 (57.1)
Antibiotics 2 (28.6)
Favipiravir 1 (14.3)
Supportive measures 2 (28.6)
Hydroxychloroquin 1 (14.3)

Site of hospitalization Medical word 6 (85.7)
Intensive care unit 1 (14.3)

Table 3
Demographic and clinical variables associated with hospitalization among COVID-19 patients with type 1 diabetes.

Variables Home/Self isolation (25) Hospitalization (7) P value

Gender (Female/Male) 14/11 4/3 0.649
Age (years) 23.4 ± 8.84 27.1 ± 6.1 0.411
Body mass index (kg/m2) 25.1 ± 6.75 23.4 ± 7.59 0.880
Hemoglobin A1c (%) 11.1 ± 2.66 8.68 ± 1.07 0.051
Duration of Diabetes (years, mean rank) 17.9 11.3 0.102
Continuous Glucose Monitoring (yes/no) 16/9 4/3 0.535
Insulin pump user (yes/no) 2/23 0/7 0.605
Cardiovascular disease (yes/no 0/25 0/7 1
Hypertension (yes/no) 3/22 0/7 0.464
Chronic pulmonary disease (yes/no) 5/20 2/5 0.489
Cerebrovascular disease (yes/no) 1/24 0/7 0.781
Malignancy (yes/no) 0/25 0/7 1
Thyroid disease (yes/no) 5/20 1/6 0.606
Celiac disease (yes/no) 4/21 2/5 0.394
C0VID-19 severity 0.0001
Mild 25 2
Mild to moderate 0 4
Severe 0 1
Critical 0 0
Creatinine 99.9 ± 27.2 57.2 ± 10.1 0.288
Estimated glomerular filtration rate (eGFR) 123 ± 65.9 139 ± 37.7 0.224
Chronic kidney disease (CKD) 0.131
CKD I 15 7
CKD II 9 0
CKD IIIa, IIIb, IV 0 0
CKD V 1 0
Death (yes/no) 0/25 0/7 1

Unpaired t-test for normally distributed continuous variables, ManneWhitney U test for nonnormally distributed continuous variables, Chi-square test for categorical
variables.
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The results of the present study indicated that DKA (71.4%) was
the most common reason for hospital admission among patients
with T1D and COVID-19. Prior reports show that among patients
having diabetes as a pre-existing condition, DKA may be a frequent
complication induced by severe COVID-19 and be a sign of poor
prognosis [24]. In fact, COVID-19 precipitated ketosis or ketoaci-
dosis, and produced DKA in patients having diabetes. Ketosis raised
the risk of hospital admission, the length of the hospital stay, as
well as mortality rate [25]. Other studies also found high ketoaci-
dosis incidence in patients hospitalized because of COVID-19
[26e28]. There was also a significant escalation in diabetic ketoa-
cidosis and severe ketoacidosis in children and adolescents when
theywere diagnosedwith diabetes during the time of the COVID-19
pandemic [26e28].

A few of the limitations in this study include its retrospective
nature, the small size of the sample, limited social, demographic
factors examined and the fact it was done only at a single center. To
overcome the limitations cited, more research work, on a much
greater scale, is urgently required.
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5. Conclusion

To summarize, from this retrospective study, and within the
limitation of the few cases investigated, the majority of the COVID-
19 patients with T1D recovered with conservative treatment at
home. Diabetic ketoacidosis was the most common reason for
hospitalization. It is important to note that in the Saudi population,
T1D is recognized as one among the major health issues. Therefore,
it is essential for intensive research is emphasized, which would
offer a clear picture of the clinical, social, and demographic factors
of COVID-19 and its relationship to T1D.
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