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Background: India is the epicenter of diabetes mellitus (DM). The relationship between

COVID and DM in age/gender-matched non-diabetics has not been studied yet. The role of

DM in predicting the disease severity and outcome in COVID patients might provide new

insight for effective management.

Methods: We conducted a prospective comparative study at a COVID care center from 25th

Aprile31st May 2021. Among 357 severe-COVID patients screened, all consecutive diabetes

(n-113) and age/gender-matched non-diabetes (n-113) patients were recruited. All diabetics

and non-diabetics at admission were subjected to high resolution computed tomography

(HRCT) chest and inflammatory markers (C-reactive protein (CRP), D-dimer, ferritin,

interleukin-6 (IL-6), lactate dehydrogenase (LDH), Neutrophil-Lymphocyte Ratio (NLR))

before starting anti- COVID therapy. Statistical analysis was done using JMP 15$0 ver$3$0$0.

Results: The prevalence of DM among the screened population (n-357) was 38$37%. The

mean age of the study population was 61y with male preponderance (57%). There was no

statistical difference in the HRCT-score or inflammatory markers in the two groups except

for higher NLR (p-0$0283) in diabetics. Diabetics had significantly inferior overall survival

(OS) (p-0$0251) with a 15d-OS of diabetics vs. non-diabetics being 58$87%, 72$67%, and 30d-

OS of diabetics vs. non-diabetics being 46$76%, 64$61%, respectively. The duration of the

hospital stay was not statistically different in the two groups (p-0$2).
.S. Menon).
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Conclusion: The mortality is significantly higher in severe-COVID patients with DM when

compared to age/gender-matched non-diabetics. There was no significant difference in

most inflammatory markers/CT at admission between the two groups.

© 2022 Director General, Armed Forces Medical Services. Published by Elsevier, a division of

RELX India Pvt. Ltd. All rights reserved.
obtained as part of the medical history of the individual pa-

Introduction

Coronaviruses (CoV) are enveloped viruses with a single-

stranded, positive-sense RNA genome known to cause respi-

ratory infections in humans.1 In general, humanCoV infection

leads to mild upper respiratory infection in most immuno-

competent individuals. COVID-19 originated inWuhan, China,

in December 2019. On 11th March 2020, the World Health

Organization (WHO) had declared COVID-19 a pandemic

because of alarming levels of its spread, severity, and inac-

tion.2 Globally as of 31st May 2021, approximately 1,72,242,495

confirmed cases of COVID-19, including 3,709,397 deaths,

were reported to WHO.3 Patients at risk for severe acute res-

piratory syndrome coronavirus-2 (SARS-CoV-2) have been

characterized as having preexisting diseases, such as hyper-

tension, cardiovascular disease, diabetes, chronic respiratory

disease, obesity, or cancer.4 A meta-analysis suggested that

the mortality was higher among diabetes with COVID-19.5

India is one of the epicenters of the global diabetes mellitus

pandemic. The relationship between the severity of COVID in

Diabetics independent of confounding variables such as age

and gender has not been studied extensively from India and

hence merits further research.6e13

This study was conducted to explore the relationship be-

tween underlying diabetes mellitus (DM) and the outcomes

(duration of hospital stay and mortality) compared to age and

gender-matched non-diabetic severe COVID-19 patients in a

prospective fashion. In addition, we explored the impact of

Diabetes mellitus on the severity of the disease at admission

(radiological/serological markers).
Materials and methods

Study design

We conducted a prospective observational study at the COVID

care center in India from 25th April 2021 to 31st May 2021. This

center cared for RT-PCR positive severe COVID cases (defined

as SpO2 levels< 90% at room air at initial presentation).14 The

institutional ethical committee approved the study, and

informed consent was obtained from all the diabetics and

non-diabetics. The study was done in accordance with the

Declaration of Helsinki.

Patients

All consecutive severe COVID-19 patients admitted during the

study period (n-357) were enrolled and screened for inclusion/

exclusion criteria (Supplementary Fig. 1). Diabetes data was
l., Sweetness and positiv
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tients, and details of the type of therapy/duration of Diabetes

were recorded. These patients with a history of DM type 2

were labeled as “known diabetics (KD).” All other patients

were subjected to random blood glucose (RBS) and HbA1C at

admission, and those who fit into the diagnosis of DM type 2

as per ADA guidelines were labeled as “freshly detected dia-

betes (FDD).”15 All people with diabetes, whether known or

freshly detected (KD/FDD), were labeled as “diabetics.” Those

individuals who were initiated on steroids or any form of

COVID-directed therapy before admission to the hospital and

steroid-induced hyperglycemia (SIH) amongst patients other

than KD/FDDwere excluded from the study. All diabeticswere

managed with basal-bolus insulin based on seven-point

glucose profile testing to ensure tight glycemic control dur-

ing the total hospitalization as per the prevailing national

guidelines.16 All severe COVID patients without diabetes

matched for age and gender with diabetics in a 1:1 ratio were

labeled as “non-diabetics.”

Methodology

A detailed history for the comorbidities (hypertension, car-

diovascular diseases, respiratory disorders, hypothyroidism,

and CNS disorders), vaccination status, and COVID symp-

tomatology (fever, dyspnea, cough, expectoration, hemopty-

sis, myalgia, headache, chest pain, ageusia, and diarrhea) with

their timelinewere recorded. As per protocol, all patientswere

subjected to high resolution computed tomography (HRCT)

chest for severity score and inflammatory markers (C-reactive

protein (CRP), D-Dimer, Ferritin, interleukin-6 (IL-6), lactate

dehydrogenase (LDH), neutrophilelymphocyte ratio (NLR))

before starting anti-COVID therapy. All patients were

managed with currently prevailing protocol-based therapy

guided by AIIMS/ICMR, including steroids, low molecular

weight heparin (LMWH), vitamin, and minerals supple-

ments.17 Any unique outcomes in either diabetics or non-

diabetics have been recorded. Patients were discharged uni-

formly based on the prevailing ICMR criteria.18 The outcome

parameters included days of hospitalization and details of

mortality.

Statistical analysis

The data were analyzed using the JMP 15$0 ver$3$0$0. The

continuous data were assessed for normal distribution.

Nonparametric tests (Wilcoxon test) were applied for vari-

ables without normal distribution, and student's t-test was

applied for variables with normal distribution. The contin-

uous variables were represented as median (range;

Mean ± SD) whereas qualitative variables were summarized
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as frequencies and proportions. The level of significance

p < 0$05 was considered significant. The survival analysis was

done using KaplaneMeier.
Results

The prevalence of DM among the screened population was

38$37% (n-137), of which 26$6% (n-95) were KD, and 11$76% (n-

42) were FDD (Supplementary Fig. 1). The study population (n-

226) was equally distributed among diabetics and non-

diabetics. The median age of the study population is 61y

(30e90; 60$82 ± 13$55y) with a male preponderance (57%,

n ¼ 128). The prevalence of KD and FDD was 35% (n-78) and

15% (n-35), respectively. Among KD, the median duration of

diabetes was 10y (2-20y; 9$1 ± 4$83y); most were on oral an-

tidiabetics (89$23%), with 10.77% individuals additionally on

different forms of insulins. In our study, 15- and 30-days

overall survival (OS) of the total study population were

63$35 and 51$97%, respectively, with median survival was not

achieved during the study period. Among the entire study

population, 18% (n ¼ 40) and 4% (n-9) were vaccinated with 1

and 2 doses of Covishield. Hypertension was seen in 45% (n-

101) with a median duration of 8$5y (1-30y; 9$225 ± 6$08),

cardiovascular diseases in 4% (n-8) with a median duration of

15y (3e30; 15$67 ± 9$24 y), respiratory disorders in 1% (n-4)

with a median duration of 15y, hypothyroidism in 6$63% (n-

15) were noted. The summary of symptoms at admission to

our center for the study population is enumerated in

Supplementary Table 1. We did not have any cases of proven

venous thromboembolism (VTE) in the complete study

cohort. However, we had 7 cases of diabetic ketoacidosis (all

in FDD) and 4 cases of mucormycosis (2 in KD, 2 in FDD)

during illness. All cases of mucormycosis have succumbed to

the illness.
Fig. 1 e The difference in (A) CRP (B) D-dimer (C) serum ferritin

diabetics. *CRP-C reactive protein(mg/L); D-dimer(ng/mL); serum fe

interleukin 6(pg/ml); LDH- lactate dehydrogenase(IU/L).
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The NLR was significantly higher in diabetics (p-0$0283).

The median IL-6 in diabetics was higher than the non-

diabetics, though not statistically significant (p-0$08). There

was no difference in the CT score or other inflammatory

markers between the two groups (Fig. 1). Themedian duration

of the hospital stay amongst diabetics and non-diabetics was

not statistically different (p-0$19). The NLR was higher in FDD

than KD more than non-diabetics (p-0$028), where IL-6 was

lowest in non-diabetics than KD/FDD (p-0$22). There was no

statistical difference in CT severity score, CRP, D-dimer,

ferritin, and LDH between the three groups (Fig. 2). The char-

acteristics of the diabetics and non-diabetics are tabulated in

Supplementary Tables 2A and B. The summary characteristics

of the study population classified as KD, FDD, and non-

diabetics are enumerated in Supplementary Table 3.

Diabetics had significantly inferior OS (p-0$0251) with a

15d-OS of diabetics/non-diabetics being 58$87%, 72$67%, and

30d-OS of diabetics/non-diabetics being 46$76%, 64$61%,

respectively (Fig. 3A). The Median OS of diabetics being 20d

and median OS not reached (NR) in non-diabetics. Compari-

son of the OS in three groups, non-diabetics had better sur-

vival compared to FDD than KD (p-0$08). The 15d-OS of KD/

FDD/ND being 59$38%, 57$78%, 72$67% and 30d-OS of KD/FDD/

ND being 43$57%, 57$8%, 64$61%, respectively (Fig. 3B). The

Median OS of KD being 19d and not reached (NR) in FDD/ND.

The median duration of the hospital stay amongst KD/FDD/

ND were 9d (6e16), 9d (5e16), 10d (7e16), not statistically

different (p-0$42).
Discussion

Diabetes mellitus is one of the most common metabolic and

lifestyle disorders. India is the diabetes capital of the world.

Approximately 30$42% of the individuals above the age of 60
(D) NLR (E) IL-6 and (F) LDH between diabetics and non-

rritin(ng/mL); NLR- neutrophilic lymphocytic ratio; IL-6-
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Fig. 2 e The difference in (A) CRP (B) D-dimer (C) serum ferritin (D) NLR (E) IL-6 and (F) LDH between non-diabetics, known

diabetics and freshly detected diabetics. *CRP-C reactive protein(mg/L); D-dimer(ng/mL); serum ferritin(ng/mL); NLR- neutrophilic

lymphocytic ratio; IL-6- interleukin 6(pg/ml); LDH- lactate dehydrogenase(IU/L).

Fig. 3 e KaplaneMeier curves for survival in (A) diabetics and non-diabetics and (B) non-diabetics, known diabetics and

freshly detected diabetics.
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are affected by DM.19 In India's first and second wave of the

COVID-19 pandemic, the elderly were preferentially

affected.20 Literature suggests a higher incidence of diabetes

among the two earlier CoV pandemics, SARS beginning in

2002 and the Middle East respiratory syndrome (MERS) in

2012.21 Literature from the past suggests DM (p-0$005) and

ambient hyperglycemia (p-0$006) were independent pre-

dictors for overall outcomes in SARS.22 Similarly, numerous

studies have documented the relationship between DM and

COVID-19 since its onset.23,24

In a case-controlled study (adjusted for age and gender),

patients with DM infected with SARS-CoV-2 were shown to

have a 5$29-fold higher risk of developing severe COVID-19

than ND (95% CI: 1$07e26$02).25 All our diabetics and non-

diabetics were known cases of severe COVID-19 infection;

thus, our study cannot draw the above findings. In a study by

Smith et al, the DM was seen in 62% of the admitted severe

COVID-19 infection suggesting SARS-CoV-2 pathogenesis
Please cite this article as: Yanamandra U et al., Sweetness and positiv
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involves a novel interplay with glucose metabolism.26 In

comparison, DM was seen in only 38$37% amongst the

admitted severe COVID in our study, and this low percentage

could be attributed to the second wave affecting more young

population than the elderly.

It is well documented in several studies that inflammatory

and hypercoagulation status increase in COVID-19 cases as

compared to non-COVID-19 respiratory illness, and the un-

controlled hyperglycemia status could aggravate this.27,28

Sardu et al compared people with diabetes and non-

diabetics amongst moderate COVID patients and showed

that baseline IL-6/D-dimer levels were significantly higher in

the hyperglycemic group than in the normoglycemic group

(p < 0$001). Also, the levels persisted in remaining high during

the hospitalization period.29 People with diabetes had more

inflammation, coagulation activation, myocardial/hepatic/

renal injury among the COVID-19 infection compared to non-

diabetics.30 Similarly, a study carried out in China has shown
ity together aren’t a happy ending: Case controlled study amongst
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that serum levels of inflammation-related biomarkers such as

IL-6, C-reactive protein, serum ferritin, and coagulation index,

D-dimer, were significantly higher (p < 0$01) in diabetic pa-

tients compared with those without, suggesting that patients

with diabetes are more susceptible to an inflammatory storm

eventually leading to rapid deterioration of COVID-19.31 A

study by Shang et al found, that diabetic patients having

COVID-19 infection have higher levels of neutrophils (p-

0$014), C-reactive protein (p-0$008), procalcitonin (p < 0$01),

and D-dimer (p-0$033), and lower levels of lymphocytes (p-

0$032) and albumin (p-0$035).32 The same has been shown by a

study in which there is a significant increase in these markers

in the diabetic group compared to the non-diabetic group of

COVID-19 patients without other comorbidities, indicating the

independent impact of diabetes.31 We found no difference in

the inflammation (CRP, LDH, IL-6, ferritin) except NLR and

coagulation activation (D-dimer) levels at baseline, probably

due to stringent inclusion criteria of severe COVID cases with

no representation of mild and moderate cases and 1:1

matching for age/gender. Also, we did not follow up these

patients with weekly inflammatory markers due to the prev-

alent national management guidelines and resource con-

straints.17 We also did not notice any cases of VTE amongst

the study population, probably due to the proactive usage of

the LMWH.

Varikasuvu et al in a pooled analysis found out that serum

ferritin (SMD: 0$47 95% CI 0.17e0$77, p ¼ 0$002), CRP (SMD:

0$53 95% CI 0$20e0$86, p ¼ 0$002), IL-6 (SMD: 0$31 95% CI

0$09e0$52, p ¼ 0$005), fibrinogen (SMD: 0$31 95% CI 0$09e0.54,

p ¼ 0$007), and D-dimer (SMD: 0$54 95% CI 0$16e0$91,

p ¼ 0$005) levels are significantly elevated in diabetic patients

as compared to non-diabetic counterparts with COVID-19.33

The results of this AIIMS study were different from a pooled

meta-analysis, lacking stringent inclusion criteria and

analyzing patients of all categories of COVID-19 infection (not

exclusively Severe COVID).

Poor fasting blood glucose (� 11$1 mmol/L) (p-0$034) and

glucocorticoid treatment (p-0$029) are associated with all-

cause of mortality of severe COVID-19 amongst people with

diabetes.30 A retrospective study done in China by Li et al, has

shown that in COVID-19 patients with diabetes, poorly non-

diabetics led blood glucose (> 11 mmol/L) may be associated

with poor outcomes.34 The patients with FDD had higher

HbA1C and FBG at admission, but the difference in the out-

comes was not statistically different, probably owing to

smaller numbers in the sub-group analysis.

The relation between the severity of diabetes (both in

terms of HbA1C and duration of diabetes) and COVID out-

comes has been published in the literature, wherein in-

dividuals with higher HbA1C and longer duration of diabetes

were found to have higher mortality.9,11,12 In our study, the

mean HbA1C at admission was higher in individuals who

succumbed to COVID vis-�a-vis those who survived (9.0 vs.

7.89%, p-0.1456). But, we didn't elaborate on the relationship

between HbA1C and outcomes, as we could performHbA1C of

only 93 patients at admission, whereas for the rest of the in-

dividuals, the reports were based on medical records (with

few being more than a month old). We didn't systematically

collect the duration of diabetes from all individuals at

admission, as during the second wave of COVID, the history
Please cite this article as: Yanamandra U et al., Sweetness and positivi
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was sketchy and most of the patients were not accompanied

by relatives for a good history, also, there was a lack of uni-

form availability of medical records.

In a pooledmeta-analysis byWu et al, the diabetic patients

infected with COVID-19 had a 2$95-fold higher risk of fatality

than ND.25 A study in Italy concluded that plasma glucose

levels at admission (p-0$015) and antidiabetic drugs might

influence the survival of COVID-19 patients affected by type 2

diabetes.35 Admission hyperglycemia, elevated d-dimer, and

high HRCT score are potential risk factors for adverse out-

comes and death.34,36 Shang et al, demonstrated that the

incidence of respiratory failure (p-0$022), acute cardiac injury

(p < 0$01), and death (p-0$001) in the diabetes group was

significantly higher than that in the non-diabetes group.32

Another study done by Chen et al, in China showed C-reac-

tive protein might help identify patients with diabetes who

are at greater risk of dying during hospitalization (p-0$043).

Older patients with diabetes were prone to death related to

COVID-19 (p-0$001). Attention needs to be paid to patients

with diabetes and COVID-19 who use insulin (p-0$009).37

Similar results were found in a meta-analysis study done in

India, which showed that diabetic patients with COVID-19 are

associated with a two-fold increase (p < 0$01) in mortality and

severity of COVID-19 compared to non-diabetics.24 Our study

corroborated with the findings from different other studies

enumerated above in that the survival of patients with dia-

betes was inferior to those without diabetes in age and

gender-independent fashion. To summarize the results, we

found that DM is significantly associated with mortality in

COVID-19 positive patients (p-0$0251).

In our study, there was no significant difference in labo-

ratory/radiological parameters and outcomes compared to the

subgroups of FDD and KD. A study done in China by Zhang et

al, has also shown similar results for both groups.38

There aremany future implications of our study; since India

has a higher prevalence of diabetes, and diabetes can lead to

severe COVID-19 infection, its prevention in people with dia-

betes is vital. First certainly, diabetic patients should be

educated well about extra precautions and preventive mea-

sures like social distancing, wearing a face mask, and hand

hygiene to protect themselves from coronavirus infection.

Second, there should be increased vigilance in the outpatient

clinics of diabetes for COVID-19, and the threshold for testing

for this infection in diabetic patients should be lowered.
Strengths and limitations

To the best of our knowledge, this is the first large age/gender-

matched study (n-226) on the independent influence of dia-

betes on the severity and outcomes of COVID-19 in India. In

addition, we also studied the prevalence of diabetes among

COVID-19 patients. Second, we compared the wide array of

laboratory severitymarkers and high radiological evaluation at

admission to study the impact of diabetics vs. non-diabetics in

differentiating severity markers amongst clinically diagnosed

severe COVID cases. Thirdly, despite real-world resource-

constrained settings, we attained the complete outcome data

through teleconsultation, including patients discharged

against medical advice or referred to other hospitals. The
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major limitations of our study were the lack of information on

the obesity indices (BMI, weight, waist-hip ratio). The HbA1C at

admission reflecting the glycemic non-diabetics among the KD

was not available for analysis. A hospital-based study from a

COVID care center (CCC) catering only for severe COVID cases

was a selection bias. Also, the interaction of the comorbidities

on the overall outcomes was not studied.
Conclusion

The mortality is significantly higher in severe COVID patients

with diabetes when compared to non-diabetics in age/gender-

matched study population despite strict glycemic non-

diabetics based on basal-bolus insulin regimens. There was

no difference in the CT score, inflammatory or coagulation

markers at admission among the diabetics or non-diabetics.

Also, there was no significant difference in outcomes or lab-

oratory/radiological markers between freshly detected and

known diabetics on subgroup analysis.
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