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Abstract

Objective: Plasma glucose has been correlated with in-hospital mortality among many 
diseases including infections. We aimed to study the plasma glucose at the admission of 
hospitalized patients with COVID-19 at a tertiary care referral hospital at Jodhpur, India 
and its relation with mortality.
Design: A hospital-based clinical study of plasma glucose of COVID-19 patients conducted 
from May 15 to June 30, 2020 after ethical approval.
Measurements: Random blood samples at admission were collected for plasma glucose, 
interleukin-6 (IL6) and high sensitivity C-reactive protein (hsCRP) after written informed 
consent was obtained. Plasma glucose was analyzed by the automated analyzer, IL6 by 
chemiluminescent immunoassay and hsCRP by immune-turbidimetric assay.
Results: A total of 386 patients were studied (female 39.6%); 11.1% had severe disease 
and 4.1% expired. There were 67 (17.4%) patients with known diabetes mellitus (DM). 
Patients with a history of DM had three times higher mortality (6/67, 9%) than those 
without DM (10/309, 3.1%). Patients with moderate and severe disease according to 
ICMR and WHO grading had higher plasma glucose than those with asymptomatic or 
mild disease (P < 0.0001). Plasma glucose levels at admission were significantly higher in 
non-survivors when compared to those who survived (297 ± 117 vs 131 ± 73; P < 0.0001). 
COVID-19 patients showed increased mortality with incremental plasma glucose levels. 
The hazard ratio for mortality was 1.128 (95% CI 0.86–14.860), 1.883 (95% CI  
0.209–16.970), and 4.005 (95% CI 0.503–32.677) in random plasma glucose group of 
>100–200, >200–300 and >300 mg/dL, respectively, compared to those with random 
plasma glucose of <100 mg/dL at admission. Plasma glucose was strongly correlated with 
hsCRP (P < 0.001) and IL6 (P < 0.0001).
Conclusions: Plasma glucose at admission in hospitalized COVID-19 patients is a strong 
predictor of mortality.

Introduction

The novel coronavirus disease 2019 (COVID-19) originated 
from Wuhan, China, and then made its way to engulf 
the whole world, is caused by SARS-CoV-2 (severe acute 
respiratory syndrome coronavirus 2). It is a single-stranded 
RNA virus sharing 82% homology with human SARS-CoV, 

which causes severe acute respiratory syndrome (SARS) (1). 
COVID-19 infection has a mild presentation in the majority 
but can have unpredictable severe disease in a small 
percentage of patients who can go on to develop rapid-onset 
of devastating complications, including acute respiratory 
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distress syndrome (ARDS), disseminated intravascular 
coagulation (DIC), cytokine storm leading to multi-
organ involvement and shock. Certain characteristics can 
identify patients at high risk for developing severe COVID-
19 manifestations and mortality like advanced age, male 
sex, obesity, hyperglycemia, and presence of comorbidities 
(diabetes mellitus (DM), cardiovascular disease (CVD) and 
chronic kidney disease (CKD)) (2, 3, 4).

Patients with DM are typically prone to severe 
SARS-CoV-2 infection (5), and poor glycemic control 
leads to increased hospitalization and mortality (6, 7). 
Hyperglycemia can increase viral proliferation as has 
been seen in human monocytes, where elevated glucose 
levels led to a direct increase in SARS-CoV-2 replication. 
Glycolysis maintains SARS-CoV-2 replication via the 
production of mitochondrial reactive oxygen species and 
activation of hypoxia-inducible factor-1α (8). Besides, 
increased insulin resistance at peripheral and hepatic 
level, a combination of increased secretion of catabolic 
hormones (catecholamines, cortisol, and glucagon), 
increased hepatic gluconeogenesis, increased availability 
of lactate, use of carbohydrate-based feeds, glucose-
containing solutions, and drugs such as epinephrine, 
can all contribute to hyperglycemia (9, 10, 11, 12). In 
general, it is known that hyperglycemia can contribute 
to morbidity by creating a toxic cellular milieu, causing 
intracellular and extracellular dehydration, inducing  
electrolyte abnormalities, and depressing immune 
function (13, 14, 15, 16).

There are reports of association of plasma glucose at 
admission with morbidity and mortality with COVID-19 
(17, 18, 19, 20, 21, 22). A guidance review suggests aggressive 
screening for hyperglycemia in patients with COVID-19 
receiving systemic glucocorticoids (23). Infact, therapies 
including Tocilizumab have failed to decrease the elevated 
IL6 levels in hyperglycemic patients leading to a higher 
risk of severe outcomes than in normoglycemic patients 
(24). This study was conducted at a tertiary care hospital 
in Western India to evaluate the role of plasma glucose at 
admission and pre-existing (previously known) DM on 
mortality in patients of COVID-19.

Material and methods

This study was conducted at All India Institute of Medical 
Sciences, Jodhpur, Rajasthan, India from May 15 to June 
30, 2020. Our center serves as the tertiary care referral 
hospital providing in-patient care to COVID-19 patients in 
Western Rajasthan. All patients were evaluated as per the 

Indian Council of Medical Research (ICMR) guidelines and 
institutional protocol (Indian Council of Medical Research, 
New Delhi n.d. https://www.icmr.gov.in/ accessed January 
13, 2021). The presence of SARS-CoV-2 was confirmed by 
reverse transcriptase PCR using standard testing protocols 
(Testing Strategy n.d. https://www.icmr.gov.in/cteststrat.
html accessed January 13, 2021). All patients > 18 years of 
age, admitted with COVID-19 were screened for inclusion. 
The study was approved by the Institutional Ethical 
Committee, AIIMS Jodhpur (AIIMS/RES/2020/4550).

Demographic profiles and comorbidities were collected 
using a standardized data collection proforma. All patients 
were categorized as asymptomatic, mild, moderate, or severe 
according to guidelines published by the Ministry of Health 
and Family Welfare (MoHFW), Government of India (mohfw 
n.d. https://www.mohfw.gov.in/ accessed January 13, 2021) 
and an additional category of critical as per World Health 
Organization (WHO) classification (Clinical management 
of COVID-19 n.d. https://www.who.int/publications-
detail-redirect/clinical-management-of-covid-19 accessed 
January 13, 2021). All patients were treated with MoHFW 
guidelines. Patients with asymptomatic and mild categories 
were given symptomatic treatment. All patients with 
moderate and severe categories received antibiotics, 
remdesivir, low-molecular weight heparin, oxygen  
support by a nasal prong, mask, noninvasive ventilation, 
high flow nasal oxygen, or by invasive ventilation as 
decided by the treating physician.

The blood sample was collected during the admission 
in a sterile vacutainer and transported immediately for the 
measurement of plasma glucose, hsCRP and IL6. None of 
the patients had received dexamethasone for respiratory 
distress as per the existing protocols.

The plasma glucose was measured by an autoanalyzer. 
Normal range of random plasma glucose was considered as 
<200 mg/dL. Patients without previously known diabetes 
and random plasma glucose ≥200 mg/dL were labeled as 
‘new-onset hyperglycemia’. The interleukin-6 (IL6) assay 
was done by chemiluminescent immunoassay (Siemens 
Advia Centaur© immunoassay system, USA) and had 
analytical sensitivity of 2.7 pg/mL, with a normal range of 
up to 4.4 pg/mL. The highly sensitive C-reactive protein 
(hsCRP) was measured by immune-turbidimetric test using 
Beckman Coulter-AU system, USA. The normal range of 
hsCRP was <1 mg/L and CV was <5%.

Statistical analysis

Data were analyzed using IBM SPSS Version 20.0. All 
categorical data were expressed as number (%) and 
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continuous data as mean ± s.d. (95% CI) and median 
(range). Plasma glucose was not normally distributed, 
hence, the analysis was performed by Mann–Whitney 
U-test. All categorical data were compared by the chi-
square test. Cox proportional hazard ratio was used to 
assess the mortality risk among four categories of plasma 
glucose value (unadjusted and adjusted for age). Spearman 
correlation coefficient was used to find the correlation 
between plasma glucose and serum IL6 and hsCRP. A  
P value of <0.05 was considered statistically significant.

Results

The demographic characteristics of patients are depicted in 
Table 1. About 79% of patients were either asymptomatic 
or had mild disease. According to WHO classification, 
7.8% had severe disease and 4.7% were critical, whereas 
according to MoHFW criteria 11.1% had severe disease. 
Most of the patients have recovered and discharged 
(95.9%). There were 16 deaths (4.1%). Mean duration of 
hospital stay was significantly longer among non-survivors 
when compared to survivors (14.9 ± 7.4 vs 9.4 ± 3.5 days; 
P < 0.0001).

Age of non-survivors was significantly higher than 
in survivors (63.4 ± 14.0 vs 48.1 ± 16.3 years; P < 0.0001); 
there was, however, no statistically significant difference 
in gender. Patients with diabetes, hypertension and 
acute kidney injury had a significantly higher mortality 
(Table 2). Interestingly, non-diabetics with random 
plasma glucose > 200 (new-onset hyperglycemia) on 
admission also had a greater fatality. Patients on oxygen 
or ventilators also had a higher risk of death. Expired 
patients had significantly lower lymphocyte and platelet 
count and increased total leukocyte and neutrophil count. 
Renal dysfunction and transaminase levels also differed 
significantly between survivors and non-survivors. 
Inflammatory markers (hsCRP, LDH, IL6, D-dimer) were 
significantly raised in non-survivors than in survivors.

Plasma glucose

The mean random plasma glucose of all patients was 
138 ± 82 mg/dL. Patients with pre-existing (known) 
DM (67 patients-17.4%) had significantly high plasma 
glucose when compared to those without known 
DM (217 ± 120 vs 121 ± 80 mg/dL; P < 0.0001). Those 
patients admitted with random plasma glucose on 
>180 mg/dL had significantly lower chance of survival 
when compared to those admitted with ≤180 mg/dL 

(Fig. 1) (unadjusted hazard ratio B = −1.692, hazard 
ratio = 0.184 (95% CI 0.048–0.702), P = 0.013; hazard 
ratio adjusted for age B = −1.511, hazard ratio = 0.221  
(95% CI 0.057–0.850), P = 0.028). Among patients with 

Table 1 Basic characteristics of COVID-19 patients.

Parameter n = 386

Age (years)  
Gender
 Male 233 (60.4%)
 Female 153 (39.6%)
Comorbidities
 Diabetes mellitus 67 (17.4%)
 Hypertension 86 (22.3%)
 Coronary artery disease 26 (6.7%)
 COPD/Asthma 12 (3.1%)
 Malignancy 3 (0.8%)
Severity WHO criteria MoHFW criteria
 Asymptomatic 194 (50.3%) 194 (50.3%)
 Mild 110 (28.5%) 110 (28.5%)
 Moderate 39 (10.1%)  39 (10.1%)
 Severe 30 (7.8%) 43 (11.1%)
 Critical 13 (3.4%) –
Outcome
 Discharged 370 (95.9%)
 Death 16 (4.1%)
Duration of stay (days) 9.8 ± 4.2 (3–42)
Hemoglobin (gm/dL) 13.1 ± 2.0 (12.9–13.3)

13.0 (6.0–20.0)
Total leucocyte count  

(per cm3)
7636 ± 8062 (6805–8467)

6780 (2000–150,440)
Neutrophil count (per cm3) 4750 ± 4390 (4298–5203)

3790 (850–56,400)
Lymphocyte count (per cm3) 2366 ± 7512 (1593–3139)

1920 (200–14,465)
Platelet count (thousand 

per cm3)
250 ± 927 (246–259)

241 (2.91–643)
Blood urea (mg/dL) 24.0 ± 14.7 (22.8–25.6)

20.0 (3–142)
Serum creatinine (mg/dL) 1.1 ± 0.9 (1.0–1.2)

1.0 (1–17)
AST (U/L) 33 ± 30 (30–36)

25 (10–278)
ALT (U/L) 35 ± 53 (29.9–40.7)

22.0 (13–754)
Serum bilirubin (mg/dL) 0.5 ± 0.5 (0.47–0.58)

1.0 (0.0–2.0)
D-dimer (µg/mL) 1.6 ± 4.3 (1.1–2.0)

0.0 (0.0–20.0)
Random plasma Glucose 

(mg/dL)
138 ± 82 (129–146)

105 (46–585)
Serum lactic 

dehydrogenase (U/L)
245 ± 105 (234–255)

 219 (115–1016)
hsCRP (mg/L) 25.2 ± 51.2 (19.9–30.4)

4.0 (0.04–371)
Interleukin 6 (pg/mL, 

n = 215)
253 ± 564 (157–309)

28.0 (1.4–5500)

Laboratory data are expressed as mean ± s.d. (95% CI) and median (range).
ALT, alanine aminotransferase; AST, aspartate aminotransferase; hsCRP, 
highly sensitive C-reactive protein; MoHFW, Ministry of Health and Family 
Welfare; WHO, World Health Organization.
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pre-existing DM, 41.8% (28 patients) had plasma glucose 
levels > 200 mg/dL on admission, whereas among those 
without known DM 10.3% (33 patients) had plasma 
glucose > 200 mg/dL. Random plasma glucose was 
significantly higher in patients with moderate and 
severe COVID-19 when compared to asymptomatic or 
mild COVID-19 (Fig. 2). Random plasma glucose values 
progressively increased from asymptomatic patients to 
patients with severe COVID-19 disease (asymptomatic 
124 ± 70 (114–134), mild 105 ± 29 (100–111), moderate 
169 ± 85 (141–196), and severe disease 255 ± 110 (221–289)  
mg/dL; P < 0.0001; by MoHFW criteria for severity).

Mean plasma glucose was significantly higher in 
non-survivors when compared to survivors (297 ± 117 vs 
131 ± 73 mg/dL; P < 0.0001). Patients with pre-existing 
DM had three times higher mortality rate when compared 
with those without a history of pre-existing DM (9% 
vs 3.1%; P = 0.042). Mortality from COVID-19 showed 
increasing trend with rising random plasma glucose levels 
at admission (0.6, 2.0, 13.9 and 28.0% in patients with 
random plasma glucose of <100, 100–200, 200–300 and 
>300 mg/dL, respectively; P = <0.0001). Unadjusted hazard 
ratio for mortality was 1.128 (95% CI 0.086–14.860), 
1.883 (95% CI 0.209–16.970), and 4.055 (0.508–32.677) in 

Table 2 Predictors of mortality among COVID-19 patients.

Survivors (n = 370) Non-survivors (n = 16) P value

Categorical variables
 Gender
  Male 222 (60.0%) 11 (68.8%) 0.336
  Female 148 (40.0%) 5 (31.2%)
 Diabetes mellitus
  Yes 61 (16.5%) 6 (37.5%) 0.042
  No 309 (83.5%) 10 (62.5%)
 Hypertension
  Yes 79 (21.4%) 7 (43.8%) 0.042
  No 291 (78.6%) 9 (56.2%)
 Coronary artery disease
  Yes 24 (6.5%) 2 (12.5%) 0.294
  No 346 (93.5%) 14 (87.5%)
 Acute kidney injury
  Yes 9 (2.4%) 12 (75.0%) <0.0001
  No 361 (97.6%) 4 (25.0%)
 New-onset hyperglycemia
  Yes 27 (8.7%) 6 (60%) <0.0001
  No 282 (91.3%) 4 (40%)
 On oxygen/ventilator
  Yes 67 (18.1%) 15 (93.8%) <0.0001
  No 303 (81.9%) 1 (6.2%)
Continuous variables
 Age (years) 48.1 ± 16.3 63.4 ± 14.0 <0.0001
 Duration of stay (days) 9.6 ± 3.8 15.8 ± 7.6 <0.0001
 Hemoglobin (g%) 13.1 ± 1.9 12.2 ± 2.5 0.171
 Total leukocyte count (/µL) 7562 ± 8192 9233 ± 4162 0.045
 Neutrophil count (/µL) 4611 ± 4345 7790 ± 4298 0.001
 Lymphocyte count (/µL) 2432 ± 7671 930 ± 532 <0.0001
 Platelet count (×103) 251 ± 94 206 ± 54 0.040
 Urea (mg/dL) 22.8 ± 10.5 52.7 ± 42.1 0.008
 Creatinine (mg/dL) 1.1 ± 0.9 1.5 ± 1.0 <0.0001
 AST (U/L) 32 ± 28 64 ± 41 0.001
 ALT (U/L) 35 ± 53 49 ± 37 0.022
 Total bilirubin (mg/dL) 0.51 ± 0.53 0.75 ± 0.45 0.061
 Random plasma glucose (mg/dL) 130.7 ± 72.9 297.0 ± 116.6 <0.0001
 D-dimer (µg/mL) 1.3 ± 3.9 5.7 ± 7.2 <0.0001
 Lactic dehydrogenase (U/L) 237 ± 93 446 ± 160 <0.0001
 Inteleukin 6 (pg/mL) 221 ± 530 441 ± 986 0.026
 hsCRP (mg/dL) 21 ± 47 110 ± 66 <0.0001

ALT, alanine aminotransferase; AST, aspartate aminotransferase; hsCRP, highly sensitive C-reactive protein.
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random plasma glucose group of >100–200, >200–300 and 
>300 mg/dL, respectively compared to those with random 
plasma glucose of <100 mg/dL on admission.

Random plasma glucose was also strongly correlated 
with inflammatory markers (hsCRP P < 0.001, Fig. 3) and 
IL6 P < 0.0001).

Discussion

In this study, we found that patients with pre-existing 
(known) DM had a three-times higher mortality rate as 
compared to those patients without previously known 
DM. Higher plasma glucose levels on admission were 
predictive of moderate to severe disease according to ICMR 
and WHO grading, were associated with a higher mortality 
and were strongly correlated with markers of inflammation 
(including hs-CRP and IL6). There was an increase in 
hazard ratio for mortality with every 100 mg/dL increase 
in plasma glucose level. Patients admitted with plasma 
glucose ≤ 180 mg/dL had better survival than those with 
higher plasma glucose levels.

Pre-existing (known) diabetes

In our overall cohort, 17.4% patients had pre-existing DM. 
The percentage of patients with DM in COVID-19 cohorts 
has varied from 11 to 42% in different series (5, 6, 7, 8, 25). 
In a retrospective cohort of 584 COVID-19 patients from 
Wuhan, the number of patients with pre-existing DM was 
84 (14.38%) (19). In a study from Delhi, the numbers of 
patients with pre-existing DM were higher at 189 (47.1%) 
(25). In another study from Italy, out of 413 subjects, 
107 (25.6%) had diabetes, including 21 who were newly 
diagnosed (8). In a larger data-set of 1122 patients with 
COVID-19 from 88 US hospitals distributed across 10 states, 
194 patients (17.3%) with diabetes (defined as having an 

Figure 2
Box plot of the plasma glucose according to WHO staging: 
0 = asymptomatic, 1 = mild, 2 = moderate, 3 = severe, 4 = critical.

Figure 1
Cox proportional hazard ratio showing the relation of mortality with 
COVID-19 with random plasma glucose (group 1 = ≤180; group 2 = >180 
mg/dL; unadjusted hazard ratio B = −1.692, hazard ratio = 0.184 (95% CI 
0.048–0.702), P = 0.013)

Figure 3
Scatter plot showing the correlation of random plasma glucose with 
hs-CRP. Lines indicate mean and 95% CI.
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A1C value ≥ 6.5%) were identified. An additional 257 
patients with uncontrolled hyperglycemia (two or more 
BGs > 180 mg/dL occurred within any 24-h period) were 
seen (26). In our series, among patients with pre-existing 
DM, 41.8% (28 patients) had plasma glucose levels > 200 
mg/dL on admission.

New-onset hyperglycemia

Around 10.3% patients without pre-existing diabetes 
had a random plasma glucose > 200 mg/dL on admission 
labeled as ‘new-onset hyperglycemia’. Impaired glucose 
regulation is typically seen in COVID-19 patients leading 
to new-onset hyperglycemia, worsening control in DM, 
severe insulin resistance requiring high insulin dosages 
and even diabetic ketoacidosis (DKA) (27, 28, 29, 30), and 
these are associated with increased levels of inflammatory 
cytokines (31). These changes can affect the functions of 
the skeletal muscle and liver, the organs responsible for the 
bulk insulin-mediated glucose uptake (32). The majority 
of DKA cases worldwide occur in patients with T2DM 
due to its higher prevalence, although ketoacidosis is 
typically associated with T1DM (33). A similar pattern has 
been observed in patients with COVID-19 in a systematic 
review, where 77% of patients with COVID-19 who 
developed ketoacidosis had T2DM (28). Interleukin-6 has 
also been found to be elevated in DKA and serves as a driver 
of ketogenesis (34), although no case of DKA was seen in 
our cohort despite elevated IL6 levels. It has been seen that 
uncontrolled hyperglycemia with or without pre-existing 
diabetes in COVID-19 has been associated with a higher 
mortality (35).

Mortality

A higher plasma glucose was associated with higher 
mortality. Patients with a history of DM had three times 
higher mortality rates (9%) than those without DM (3.1%). 
A similar pattern was observed from Wuhan where death 
(20.2% vs 8.0%, P = 0.001) in the diabetes group was 
significantly higher than that in the non-diabetes group (6). 
In the Pisa study, mortality was greater in hyperglycemia 
group (39.4% vs 16.8%; unadjusted hazard ratio (HR) 
2.20, 95% CI 1.27–3.81, P < 0.005) than in normoglycemia 
group (16.8%) and marginally so in diabetes group (28.6%; 
1.73, 0.92–3.25, P < 0.086) patients (7). In the multicenter 
study from the US, the mortality rate was 28.8% in 184 
diabetes and/or uncontrolled hyperglycemia patients 
compared with 6.2% of 386 patients without diabetes or 
hyperglycemia (P < 0.001) (26).

Previously known diabetic status and new-onset 
hyperglycemia both had a higher mortality rate in our 
study. Other predictors of mortality were renal dysfunction 
and oxygen requirement including invasive ventilation. 
Non-survivors were older, had a longer duration of hospital 
stay and significantly increased levels of IL6, hsCRP, LDH 
and D-dimer. In the study on 133 COVID-19 patients by 
Mazori et al., those with new-onset hyperglycemia having 
blood glucose > 180 mg/dL during the first 2 days after ICU 
admission had higher levels of median C-reactive protein 
(306.3 mg/L, P = 0.036), procalcitonin (1.26 ng/mL,  
P = 0.028), and lactate (2.2 mmol/L, P = 0.023) (21). 
Procalcitonin and lactate levels were not measured in 
our study. In a study from the Huoshenshan hospital 
in Wuhan, which tracked the progression of COVID-19 
patients from admission to discharge/death, age above 60 
years, elevated levels of blood glucose, C-reactive protein, 
lactate dehydrogenase, direct bilirubin, low albumin 
and lymphocyte count were significant risk factors for 
progression. Around 17% of the 2433 patients received 
systemic glucocorticoids in their patient cohort and the 
total mortality rate was 2.1% (22). Lower lymphocyte 
counts and lymphopenia were seen in non-survivors in our 
study as well.

The mortality data in our series have been much lower 
than that reported from various Western countries. The 
overall lower mortality seen in India and South Asia has 
flummoxed the world medical community and various 
reasons have been proposed for it (36, 37). As of January 
02, 2021, on the World Health Organization COVID-19 
dashboard, 82,579,768 confirmed cases of COVID-19 have 
been reported including 1,818,849 deaths. During the 
same period, cases from India have been 10,305,788 with 
149,218 deaths (WHO Coronavirus Disease (COVID-19) 
Dashboard n.d. https://covid19.who.int accessed January 
3, 2021). The fatality rate from Western data for COVID-
19 has been estimated to be 0.5–1.0% (38, 39, 40). As per 
the World Health Organization (WHO) situation report 
on January 5, 2021, India has one of the lowest cumulative 
deaths per 1 million population (India 108, Europe 631, 
USA 1043). The various factors responsible for the low 
mortality rates seen in India need further elucidation.

Disease severity

Patients with moderate and severe disease according to 
ICMR and WHO grading had a higher plasma glucose than 
those with asymptomatic or mild disease (P < 0.0001). 
In the study from Delhi, patients with diabetes had 
a higher proportion of severe cases (20.1% vs 9%,  
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P = 0.002), ICU admission (24.3% vs 12.3%, P = 0.002), 
and oxygen requirement (53.4% vs 28.3%, P < 0.001) (25). 
Baseline HbA1c correlated significantly with outcome 
severity scores (r = 0.136, P = 0.013) although this was not 
available for our cohort. In another series from China, 
32% of COVID-19 severe cases were patients with diabetes 
while only 10.9% of mild cases had diabetes (P < 0.05) 
(41). Hyperglycemia on day-1 has been shown to be the 
best predictor of radiographic imaging of SARS-CoV2, 
regardless of the past medical history of diabetes (42). 
In a study from Cleveland, mechanical ventilation rates 
were significantly higher in the hyperglycemic group 
at 50.0% vs 37.2% (P = 0.004) (43). Increased risk for 
hyperglycemia was found in patients with steroid use 
(odds ratio (OR) 1.521; 95% CI 1.054, 2.194) along with 
triglycerides ≥ 150 mg/dL (OR 1.62; 95% CI 1.109, 2.379), 
and African–American race (OR 0.79; 95% CI 0.65, 0.95). 
In our study, steroids were not used as per the ICMR 
protocol prevalent during that time.

Inflammatory markers

Positive correlation was seen between plasma glucose 
and markers of inflammation including hsCRP (r = 0.377, 
P < 0.0001) and IL6 (r = 0.292, P < 0.0001) in our study (Fig. 
3). In a study by Cheng et al, the COVID-19 patients with 
T2DM group had higher erythrocyte sedimentation rate 
(ESR) and levels of C-reactive protein, IL6, tumor necrosis 
factor-alpha, and procalcitonin but lower lymphocyte 
counts and T lymphocyte subsets compared with the 
nondiabetic group (44). Similar pattern of a higher 
prevalence of known diabetes in ICU than non-ICU patients 
(31.7% vs 17.8%, P = 0.0408) was seen in another study. 
Multivariable regression analysis showed that a history 
of diabetes (odds ratio (OR), 0.099; 95% CI, 0.016–0.627;  
P = 0.014), high FPG at admission (OR, 1.587; 95% CI, 
1.299–1.939, P < 0.001), high IL6 (OR, 1.01; 95% CI, 
1.002–1.018, P = 0.013), and D-dimer higher than 1 mg/L 
on admission (OR, 4.341; 95% CI, 1.139–16.547, P = 0.032) 
were independent predictors of poor outcomes (45). In 
the study from Wuhan, diabetic patients had 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) (6). IL6 and D-dimer levels at admission were 
higher in patients with hyperglycemia than in those 
with normoglycemia (P = 0.001) and both correlated with 
admission blood glucose levels in a study from Naples, 
Italy (46). This was similar to our study where a strong 

correlation between IL6 and plasma glucose at admission 
was observed.

Glucose and COVID-19 severity association

In our data, patients with plasma glucose of 180 mg/dL  
or less had better survival. This further emphasizes the 
role of optimal glycemic control during this difficult 
time, when regular follow-up is not available (47). It can 
be advised that all patients with DM should take regular 
medication and maintain a proper monitoring system to 
keep blood glucose < 180 mg/dL at all times as advised by 
various guidelines. In the CORONADO study from France, 
chronic microvascular and macrovascular complications 
of diabetes were significantly associated with increased 
risk of mortality in patients with COVID-19 (48). Elevated 
inflammatory markers such as D-dimer, ferritin and IL6 
may also contribute to an increased risk of chronic diabetic 
complications in patients with pre-existing DM (49). 
Presence and progression of diabetic complications were 
not systematically evaluated in our study.

There are concerns that SARS-CoV-2, just like the 
SARS, could bind to ACE2 expressed on the pancreatic 
islets, leading to islet destruction and acute diabetes (50, 
51). ACE2, which was previously thought to be restricted 
to the lungs, is expressed in many human tissues including 
the intestines, kidneys, myocardium, vasculature and 
pancreas islets besides the respiratory system (52, 53). The 
localization of ACE2 expression in the islets of pancreas 
along with hyperglycemia caused by SARS-CoV2 in people 
without pre-existing DM suggests that coronaviruses may 
specifically damage islets leading to hyperglycemia (50). 
Around 10% of patients in our group developed new-onset 
hyperglycemia. Tests for beta-cell function were not done 
in our study.

There were certain limitations in our study like we 
did not have HbA1c values for our patients which could 
have identified a subset of patients with new-onset 
hyperglycemia on admission having pre-existing diabetes. 
Nevertheless, it has been seen that acute hyperglycemia 
with or without diabetes is more predictive of mortality 
(2). Our study did not have results adjusted for obesity nor 
did its factors in diabetic complications or the use of drugs 
which could have led to hyperglycemia-like epinephrine. 
Steroid use was, however, not present in our cohort, based 
on the ICMR protocol for COVID-19 treatment at that 
time. Despite these limitations, this study does show 
conclusively that acute hyperglycemia was predictive of 
increased mortality in patients of COVID-19 and previously 
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known diabetics had a three times higher mortality risk as 
compared to non-diabetics.

Conclusions

Random plasma glucose values on admission in patients 
hospitalized for COVID-19 is a strong predictor for disease 
severity and mortality. Increased age, longer duration of 
hospital stay, a requirement for oxygen including invasive 
ventilation, renal dysfunction, lymphopenia and elevated 
markers of inflammation were predictive of a higher 
mortality rate in patients of COVID-19. Although markers 
of inflammation were found to be elevated, the underlying 
mechanisms linking hyperglycemia and increased 
mortality need further research.
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