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Abstract
Background Diabetes mellitus may be associated with increased severity and enhanced mortality in COVID-19 infections. The
present study was undertaken to evaluate the clinical presentation, laboratory parameters, radiological imaging, management, and
outcome of COVID-19 infection in patients of diabetes mellitus and its association with glycemic control.
Methods The present study was designed to evaluate the difference between uncontrolled and controlled diabetes for COVID-19
manifestations by enrolling 80 admitted COVID-19 patients. Patients were categorized into two groups, where group 1 had patients
with uncontrolled diabetes as indicated by HbA1c > 8 g% and group 2 had patients with controlled diabetes as indicated by HbA1c <
8 g%. Information concerning medical history, clinical manifestations, laboratory findings, radiological imaging, management, and
outcome was extracted from medical records for evaluation, interpretation, and association among both the groups.
Results COVID-19 patients with uncontrolled diabetes exhibited a severe symptomatic presentation, excessive uncontrolled inflam-
matory responses, and hypercoagulable state. Total leukocyte count, neutrophil-lymphocyte ratio, serum levels of IL-6, FDP, and D-
dimer were significantly raised (p < 0.05) in case of uncontrolled diabetes as compared with controlled diabetes. Radiological findings
detected by chest radiograph and computed tomography chest suggested severe lung involvement in uncontrolled diabetes. COVID-19
patients with uncontrolled diabetes required intensive treatment as compared with controlled diabetes group in terms of insulin therapy
(p = 0.0226) and non-invasive ventilation (p = 0.0292). Patients with uncontrolled diabetes had higher mortality (p= 0.0375) and
required prolonged hospitalization (p= 0.0479) as compared with controlled diabetes group.
Conclusion From the current study, it can be concluded that uncontrolled diabetic condition might be a risk factor for severity and
morbidity of COVID-19 patients. Uncontrolled diabetes mellitus might be responsible for an overall higher susceptibility for
COVID-19 infection and severity in terms of symptomatic presentation, inflammatory storm, rapid pulmonary invasion, require-
ment of more intensive treatment, and a poor outcome.
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Introduction

Severe acute respiratory syndrome corona virus 2 (SARS-
CoV-2) was the pathogen behind coronavirus disease
(COVID-19) that emerged from Wuhan in China and was
rapidly spread across most of the nations worldwide. The dis-
ease presentation may range from an asymptomatic state to a
severe pneumonia associated with acute lung failure [1].
COVID-19 incubation period may range from 2 to 14 days.
The usual presentation in COVID-19-positive patients has
been fever, cough, shortness of breath, fatigue, loss of appe-
tite, sputum production, joint pain, nausea, vomiting, and di-
arrhea. A large number of patients may not exhibit noticeable
symptoms. A severe disease could be associated with fatal
complications such as pneumonia, acute respiratory distress

* Govind Rankawat
govindrankawat@gmail.com

Sudhir Bhandari
drs_bhandari@yahoo.com

Ajeet Singh
dr.ajeetsingh@yahoo.com

Vishal Gupta
drvishalguptamd@rediffmail.com

Shivankan Kakkar
drshivankan@gmail.com

1 Department of General medicine, SMS Medical College and
Attached Group of Hospital, Jaipur, Rajasthan, India

2 Department of Pharmacology, SMS Medical College and Attached
Group of Hospital, Jaipur, Rajasthan, India

https://doi.org/10.1007/s13410-020-00868-7

/ Published online: 2 September 2020

International Journal of Diabetes in Developing Countries (July–September 2020) 40(3):340–345

http://crossmark.crossref.org/dialog/?doi=10.1007/s13410-020-00868-7&domain=pdf
https://orcid.org/0000-0003-3708-3068
mailto:govindrankawat@gmail.com


syndrome (ARDS), multi-organ failure, septic shock, dissem-
inated intravascular coagulation, and ultimately leading to
death [2, 3]. The total number of confirmed COVID-19 cases
worldwide have risen to 6, 644, 011 with 391, 839 deaths as of
6 June 2020. India, a nation already been the diabetes capital
of the world, has reported 236, 657 cases of COVID-19 with
6642 deaths [4].

Angiotensin-converting enzyme 2 (ACE2) has been iden-
tified as a surface receptor responsible for SARS coronavirus
(SARS-Co-V) invasion in human cells with direct interaction
with its spike glycoprotein (S protein) [5]. Moreover, a ten to
twenty-fold higher affinity of ACE2 towards receptor-binding
domain (RBD) of SARS-CoV-2 as compared with the RBD
of SARS-Co-V has been suggested. This might be the plausi-
ble explanation of ACE2 serving as a receptor for SARS-
CoV-2 invasion [6]. Diabetes mellitus has already been a
leading cause of morbidity worldwide, that is capable of af-
fecting almost each and every system of the body [7].
Consequently, a deregulated immune system might develop,
predisposing to various infections in diabetic patients [8].
ACE2 has anti-inflammatory effects, and its expression is
found reduced in patients of DM possibly due to glycosyla-
tion. This might explain the occurrence of a severe acute lung
injury and ARDS in diabetic patients. This makes diabetic
population with or without other comorbidities susceptible
to a higher morbidity and mortality due to COVID-19. A
severe disease in such patients requires intensive approach to
manage COVID-19.

The prevalence of diabetes in India is high, and paucity of
data on its association with COVID-19 warrants identification
of factors responsible for severe outcome in such patients. The
present study was designed in this context to evaluate the
association between glycemic control in diabetes mellitus pa-
tients with progression and prognosis of COVID-19 in pa-
tients admitted to the S.M.S. Medical College and Attached
Hospitals, Jaipur, a premier tertiary care center in India. The
study was also aimed at evaluating the association of clinical
presentation, severity of disease, management, and outcome
in patients of diabetes mellitus with uncontrolled and con-
trolled blood sugar levels.

Method

Study design

The present retrospective, observational study was conducted
on eighty COVID-19 patients with known cases of type 2
diabetes mellitus (T2DM) already on antidiabetic medica-
tions, admitted to S.M.S. Medical College and Attached
Hospitals, Jaipur, Rajasthan, India. Based upon the glycemic
control, all patients of T2DM were categorized into two sep-
arate groups. Group 1 had T2DM patients with poorly

controlled blood sugar levels as indicated by HbA1c more
than 8 g%. Group 2 included patients of T2DM, with con-
trolled blood sugar levels as indicated by HbA1c less than
8 g%. Both of these groups were matched for age, gender,
and absence of other comorbidities. In order to negate the
implication of other comorbid conditions, we have taken into
consideration COVID-19-positive patients with known to
type 2 diabetes mellitus only and no other health-related
chronic issues.

Data collection

The diagnosis of COVID-19 was based on the World Health
Organization interim guidance, wherein confirmed cases were
positive on reverse transcriptase polymerase chain reaction
(RT-PCR) assay of nasal and pharyngeal swab specimens
[1]. Patients of T2DM after exclusion of other comorbidities
were segregated and categorized in two groups based on their
glycemic control. Information regarding epidemiological data,
medical history, clinical manifestations, laboratory findings,
chest radiograph (CXR) findings, ultrasonography (USG)
chest, high-resolution computed tomography (HRCT) scans
of the chest, diabetic complications, treatment, and outcome
was extracted from medical records of admitted patients. The
laboratory findings were based upon hemogram, c-reactive
protein (CRP), ferritin, fibrin degradation product (FDP), D-
dimer, and interleukin-6 (IL-6). Radiological findings were
inferred using average visual score from digital chest radio-
graph (CXR) (scored from 0 to 4 according to visual assess-
ment of involved lung area) [9], average severity score from
USG chest (classified on sliding scoring scale of severity on
the basis of 14 zone severity scores ranging from 0 to 42) [10],
CT severity score from HRCT chest (assigned out of 25 based
upon percentage area involved in each of the 5 lobes) [11], and
proportion of patients with CT severity scores > 10/25. The
data of patients with diabetes complications, particularly dia-
betic ketoacidosis and septic shock, was collected. Data re-
garding treatment among both groups by the use of
hydroxychloroquine (HCQ), lopinavir-ritonavir combination
therapy (LPV/r), ICU care, and non-invasive ventilation
(NIV) was also collected. Outcome of COVID-19-infected
patients was measured by the number of recovered patients,
duration of seroconversion (duration from first positive to first
negative RT-PCR for COVID-19), duration of hospital stays,
and number of deaths during the course of treatment. The
collected data was compiled, tabulated, interpreted, and cor-
related in both the groups to establish differences in COVID-
19 manifestations on the basis of glycemic control in T2DM.

Statistical analysis

The descriptive statistics for quantitative data was expressed
as mean and standard deviation, and qualitative data was
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expressed as proportions. The parameters were compared
among different groups using chi-square and z-score test for
significant differences. The level of significance was assigned
at a p value less than 0.05.

Results

In the present study, 22 patients (27.50%) had poorly con-
trolled blood sugar levels with HbA1c level more than 8 g%
and belonged to group 1, whereas 58 patients (72.50%) had
controlled blood sugar levels with HbA1c level less than 8 g%
that belonged to group 2. The mean age of SARS-CoV-2-
infected patients with T2DM was 61.45 years (95% CI:
61.45 ± 5.08, SD = 11.59). Mean age of uncontrolled diabetes
group was 63.2 years (95% CI: 63.2 ± 4.35, SD = 4.96),
whereas mean age in controlled diabetes group was
60.86 years (95% CI: 60.86 ± 6.67, SD = 13.18), and the dif-
ference was non-significant (p = 0.489) (Table 1). There were
no significant gender differences among the groups (p =
0.301). Other comorbidities with COVID-19 have not been
considered to understand entirely the impact of uncontrolled
glycemic condition on predisposition and severity in COVID-
19-infected patients.

Clinical presentationOverall, 24 patients (30.00%) had symp-
tomatic presentation. Group 1 (50.00%) exhibited a signifi-
cantly greater (p = 0.0164) symptomatic presentation as com-
pared with group 2 (22.41%).Most of the COVID-19-infected
patients with T2DM presented with cough (16.25%), fever
(15.00%), shortness of breath (11.25%), and sore throat
(8.75%). A few patients also reported for headache (5.00%),
chest pain (3.75%), and symptoms (5.00%) like pain in the
abdomen, vomiting, diarrhea, and altered sensorium. Cough
(31.82% in group 1 vs 10.34% in group 2) and shortness of
breath (22.73% in group 1 vs 6.90% in group 2) were found
more often (p < 0.05) in uncontrolled diabetes group com-
pared with controlled diabetes group with p values 0.0203
and 0.0455, respectively.

Laboratory findings (Table 1) The blood profile of both the
groups showed normal total leukocyte counts (TLC) with an
average TLC 7.48 × 109/L ± 4.23, platelet count 2.12 Lac/μl
± 0.64, and neutrophil/lymphocyte (N/L) ratio 3.15 ± 1.98.
However, uncontrolled diabetes group showed higher TLC
and N/L ratio, i.e., 9.01 × 109 and 3.98, as compared with
controlled group with values 7.01 × 109 (p = 0.0403) and
3.00 (p = 0.0495). The other laboratory parameters taken into
consideration were as follows: c-reactive protein, ferritin, fi-
brin degradation product, D-dimer, and interleukin-6. The bio-
chemical parameters were found to be more significantly var-
iable among the two groups of patients. The parameters such
as FDP 43.22 μg/L vs 24.69 μg/L (p = 0.0433), D-dimer

6.78 μg/L vs 4.05 μg/L (p = 0.047), and IL-6 levels
78.52 pg/mL vs 50.32 pg/mL (p = 0.0256) were observed to
be elevated in group I patients in comparison with group II
patients.

Radiological findings For the assessment of lung involvement
in sample population, digital chest radiograph (CXR) of all
patients, USG chest of 16 patients (20.00%), and HRCT chest
of 30 patients (37.50%) were available. CXR represented clas-
sic for COVID-19 images in 20 patients (25.00%) with an
average visual score of 0.78 ± 0.90 out of 4. USG severity
score was 16.14 ± 11.32 out of 42. The average CT severity
score was 7.4 ± 6.75 out of 25 with CT severity score > 10/25
in 12 patients (40.00%). CXR average visual score was sig-
nificantly (p = 0.0439) higher in group 1 (1.12) than group 2
(0.68). CT severity score was significantly (p = 0.0489) higher
in uncontrolled diabetes group (11.96) as compared with con-
trolled diabetes group (6.1) with a CT severity score > 10/25
in 75.00% and 27.27% patients in respective groups (p =
0.0182).

Diabetic complications Six patients (7.50%) developed dia-
betic ketoacidosis (DKA), and nine patients (11.25%) had
septic shock. DKA developed more often (p = 0.0257) in pa-
tients of uncontrolled diabetes (18.18%) as compared with the
controlled diabetes group (3.45%). Septic shock was observed
in 22.73% patients of uncontrolled diabetes, whereas it was
6.90% in controlled diabetes group.

Analysis of severity, management, and treatment in the two
groups An observed comparison of uncontrolled and con-
trolled glycemic patients showed that uncontrolled diabetic
patients (68.18%) required insulin therapy more often
(p = 0.0226) than the controlled group (39.66%).
Requirement of non-invasive ventilation was significantly
more in uncontrolled diabetes group as compared to con-
trolled diabetes group patients (p = 0.0292), along with
higher ICU care requisite for group I, whereas the need
of LPV/r combination therapy for COVID-19 treatment in
standard dosage did not differ significantly (p = 0.1498)
between the two groups.

Outcome In total, 80 patients were considered; out of that, 40
patients (50.00%) recovered, whereas 14 patients (17.50%)
succumbed to COVID-19, and remaining patients were under-
going treatment until the date this study was compiled.
Average duration of hospital stays was significantly
prolonged (p = 0.0479) in patients with uncontrolled diabetes
(16.94 days) as compared with patients with controlled diabe-
tes (13.91 days). As observed from the collected data, the
average recovered patients of uncontrolled diabetic group
were very low (36.36%) in comparison with group 2
(55.17%). Not only this, significantly, higher COVID-19-
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related mortality was observed in uncontrolled diabetes group
(31.82% vs 12.07%).

Discussion

In our study, we have observed that uncontrolled diabetes has
significantly altered the biochemical parameters along with
worsening of prognosis. Diabetes mellitus predisposes an in-
dividual to a certain type of infection and mortality [12] in-
cluding the COVID-19, although its risk as associated comor-
bidity in COVID-19 needs further exploration. The preva-
lence of T2DM in India is 7.3% [13], thereby predisposing a
large proportion of population to COVID-19 and its compli-
cations. Type 2 diabetes mellitus as a consequence of meta-
bolic syndrome and obesity predisposes to immune dysfunc-
tion with raised inflammatory factors and chemokines [14,
15]. ACE2 possessing anti-inflammatory property has been
linked to SARS-CoV-2 invasion in human cells, and its ex-
pression is found reduced in patients of diabetes mellitus,
possibly due to glycosylation [16]. This might explain higher
predisposition of COVID-19 patients with diabetes mellitus to
severe acute lung injury and ARDS [16]. Immunostaining
technique has revealed an enhanced staining characteristic
for ACE2 in islet tissue as compared with the exocrine pan-
creatic tissues suggesting a plausible role of coronavirus in
islet destruction [17]. Thus, COVID-19 might lead to a sharp
fluctuation in blood glucose level in diabetes patients, ad-
versely affecting the varied clinical presentation of the disease.

In the present study, clinical presentation was more pro-
nounced in uncontrolled diabetes group as compared with
controlled diabetes group. Cough and shortness of breath oc-
curred more often in uncontrolled diabetes patients, and the
underlying cause for such presentation might be early and
extensive lung involvement in COVID-19 infection due to
glycemic variation. This was evident by baseline CXR find-
ings of the study that suggested a higher proportional lung
involvement in uncontrolled diabetes group as compared with
controlled diabetes group. Moreover, a high CT severity score
also indicated extensive lung involvement in uncontrolled di-
abetic patients. The aforementioned clinical picture supported
by radiological findings suggested a severe pneumonia in un-
controlled diabetic patients as compared with the controlled
diabetic patients.

The average total leukocyte count was observed higher in
uncontrolled diabetes that could be attributable to an increased
secondary inflammatory response in these patients.
Neutrophil to lymphocyte ratio was also raised in peripheral
blood of uncontrolled diabetes patients, possibly due to
neutrophilia or a relative lymphocytopenia as a consequence
of COVID-19 infection. Furthermore, the serum levels of in-
flammatory biomarkers such as IL-6, ferritin, and CRP were
alarmingly raised in uncontrolled diabetes group. IL-6 is a

predictor of disease severity and prognosis [18], and in a study
conducted by Huang et al., it was reported that levels of IL-6
were elevated along with significantly reduced lymphocyte
count, in patients with SARS-CoV-2 infection [19].
Excessively raised ferritin level is an indicator of activation
of the monocyte-macrophage system that contributes signifi-
cantly to the inflammatory storm associated with COVID-19
[20]. In the present study, raised ferritin levels were observed
in uncontrolled diabetes, suggesting a higher susceptibility of
such patients for an inflammatory storm, responsible for rapid
deterioration due to COVID-19. Inflammation-associated
hypoxia might induce thrombin activation with a consequent
unfolding of exogenous coagulation pathway [20].
Inflammatory storm in COVID-19 is associated with signifi-
cant rise in D-dimer levels, and similar pattern has been ob-
served in our study as well where uncontrolled glycemic pa-
tients had significantly increased levels of D-dimer as com-
pared with controlled diabetic patients. This finding is an in-
dication of a hypercoagulable state and even disseminated
intravascular coagulation in such patients. Patients of uncon-
trolled diabetes mellitus were more prone to develop diabetic
complication during the natural course of COVID-19 as com-
pared with the controlled diabetes group. Patients with uncon-
trolled diabetes developed diabetic complication like diabetic
ketoacidosis and septic shock, more often.

Patients with uncontrolled diabetes mellitus required ag-
gressive pharmacological and supportive treatments com-
pared with controlled diabetes group as is much evident from
more frequent requirement of insulin therapy in group I.
Moreover, need of supportive therapies such as non-invasive
ventilation and ICU care was also higher in uncontrolled dia-
betes patients. A low recovery rate, high mortality, and
prolonged hospitalization indicated poor outcome in patients
with uncontrolled diabetes mellitus as compared with control
glycemic group of diabetes mellitus.

Conclusion

In the current retrospective study, we have considered 80
COVID-19-infected patients with T2DM and characterized
them with biochemical, radiological, and other required clin-
ical parameters. From the various observations, it can be con-
cluded that uncontrolled diabetes mellitus may predispose an
individual to a severe and fatal COVID-19 infection. The se-
verity of COVID-19 in diabetics could be attributable to the
dysfunctional immune system, with a simultaneous suscepti-
bility to viral infection and an exaggerated immune response
like cytokine storm. Such a status of immunity provides a
favorable condition for viral survival and longer recovery du-
ration in diabetics. COVID-19 patients with uncontrolled di-
abetes require higher attention in terms of pharmacological
and supportive treatment than those with controlled diabetes
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group. A high prevalence of T2DM in India predisposes a
large proportion of population to COVID-19 and its compli-
cations. HbA1c more than 8 g% in patients with uncontrolled
diabetes mellitus should be considered a risk factor for an
overall higher susceptibility for COVID-19 infection and se-
verity in terms of symptomatic presentation, inflammatory
storm, rapid pulmonary invasion, requirement of more inten-
sive treatment, and a poor outcome. Hence, an extreme care
for preventing COVID-19 in people with underlying DM is
advisable beside an intensive care in already infected
individuals.
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