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Aim: To compare admission-blood-glucose (ABG) or stress-hyperglycemia-ratio (SHR) performs better in pre-
dicting mortality and worse outcomes in COVID-19 patients with (DM) and without known Type 2 Diabetes
Mellitus (UDM).

Methods: ABG and SHR were tested for 451 patients with moderate-severe COVID-19 infection [DM =
216,47.9%; pre-diabetes = 48,10.6%, UDM = 187,41.4%],who were followed-up to look for in-hospital-
mortality (primary outcome) and secondary outcomes (ICU stay or mechanical ventilation, hospital-acquired-
sepsis and multiple organ dysfunction syndrome [MODS]). Those with and without SHR > 1.14 were
compared; logistic regression was done to identify predictors of outcomes, with subgroup analysis based on pre-
existing DM status and COVID-19 severity.

Results: Those who died (n = 131) or developed > 1 secondary outcomes (n = 218) had higher prevalence of
SHR > 1.14, ABG > 180 mg/dl and higher median SHR (pay < 0.01). Those with SHR > 1.14 had higher
mortality (53.7%), higher incidence of > 1 secondary outcomes (71.3%) irrespective of pre-existing diabetes
status. SHR > 1.14, but not ABG > 180 was an independent predictor of mortality in the whole group (OR:
7.81,4.07-14.98), as also the DM (OR:10.51,4.34-25.45) and UDM (5.40 (1.57-18.55) subgroups. SHR > 1.14
[OR: 4.41 (2.49-7.84)] but not ABG > 180 could independently predict secondary outcomes AUROC of SHR in
predicting mortality was significantly higher than ABG in all subgroups.

Conclusion: SHR better predicts mortality and adverse outcomes than ABG in patients with COVID-19, irre-
spective of pre-existing chronic glycemic status.

1. Introduction

Transient hyperglycaemia is often observed during hospitalisation
for serious medical illnesses, trauma or surgical emergencies and is
known as stress hyperglycaemia (SH). The pathogenetic mechanisms
driving the occurrence of SH include enhanced gluconeogenesis and
glycogenolysis due to excessive catecholamines and cortisol secreted
under stressful situations, increased glucagon secretion and transient
insulinopenia.[1,2] Historically, SH was believed to be a protective
response of the body to acute injury by providing fuel to the brain and
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immune system during periods of stress. [3] However, several studies
have now shown the association of SH with higher mortality or
morbidity in patients with acute coronary syndromes, ischemic strokes,
burns and trauma. [4-7] Initial studies used absolute blood glucose
values at admission (ABG) of over 180 as a marker for high risk in
hospitalized patients, and most guidelines focus on strict glycemic
control to keep blood glucose values during hospitalisation below this
threshold. [8,9] However, having the same threshold irrespective of the
patient’s pre-existing glycemic status may lead to over or underesti-
mation of the risk. In the past few years, there has been increased focus
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on novel parameters of stress hyperglycemia, like the stress hypergly-
cemia ratio (SHR), which provide a composite estimation of acute and
chronic hyperglycemia. [10-12] The formula for SHR involves esti-
mated average blood glucose (eAG) which is an index of chronic gly-
cemic status from the previous 3 months, unaffected by short-term
variability. SHR is calculated as admission blood glucose (ABG)
divided by eAG, thus representing the relative difference from eAG.
[7,10]

SARS-CoV-2 enters the type II pneumocytes using ACE2 as a recep-
tor. After binding to ACE2, serine proteases like TMPRSS2 cleaves the
spike protein and facilitates viral entry into the cell by promoting fusion
of the viral envelope with the host cell membrane and endosome for-
mation, following which viral replication occurs in the presence of RNA
dependent RNA polymerase. Following its entry into the cell, SARS-
CoV2 degrades ACE2 leading to an overall downregulation of ACE2
mediated pathways. ACE2 is important to counter-regulate the pro-
inflammmatory, pro-coagulant and pro-fibrotic pathways triggered by
activation of the RAAS via Angiotensin (AnglI) acting via AT1 and AT2
receptors. [13,14] ACE2 degrades Ang II into Ang 1-7, which acts via
the Mas receptor to exert potent vasodilatory, anti-inflammatory, anti-
fibrotic, anti-thrombotic and anti- arrhythmogenic effects.. In patients
with obesity, DM, hypertension, there is an inherent hyperactivation of
the ACE1/Ang-II/AT1R arm of the RAAS and those with prolonged
diabetes have low ACE2 activity in pneumocytes due to glycation. [15]
Therefore, following COVID-19 infection in these individuals, elevated
Ang-II levels act restrained through AT1R, promoting hyper-
inflammation, fibrosis and oxidative damage and severe lung injury.

The bidirectional relationship between COVID-19 and diabetes
mellitus (DM) is now well known. While DM is known to enhance the
risk of mortality in patients with COVID-19, the SARS-CoV2 is known to
affect the beta cells via ACE2 mediated pathways, as well as cause a
surge of several pro-inflammatory cytokines, which leads to transient
hyperglycaemia and new onset DM, often with ketosis in some patients.
[16-18] Studies have described that those with diabetes as well as those
with hyperglycemia detected at admission had higher risk of severe
disease as compared to those without diabetes, and insulin infusion
lowered the risk for severe disease. [19,20] The higher propensity for
patients with T2DM and COVID-19 to develop more severe disease and
higher mortality rates might be related to hyperglycemia associated
damage to pulmonary micro-vasculature as also hyperactivation of pro-
inflammatory pathways, particularly IL-6 mediated. [21] The risk as-
sociation of hypertension as also the effects of different antihyperten-
sives in influencing mortality or morbidity in COVID-19 is however, less
clearly evident. However, those with hypertension associated with car-
diac systolic dysfunction portend a significantly higher risk. [22,23] The
use of ACE-inhibitors or Angiotensin-receptor-blockers (ARBs) have
been shown to favorably affect COVID-19 outcomes in some studies.
[22] Similarly, pre-existing cardiovascular disease, malignancies and
several other co-morbidities have been shown to increase the risk for
worse outcomes in COVID-19. [24,25]Composite scores for co-
morbidities have been found in studies to predict worse outcomes
more precisely in patients with COVID-19. [26]

While the study by Fadini et al showed rapid respiratory deteriora-
tion and worse COVID-19 outcomes in those with newly diagnosed
diabetes and/or hyperglycaemia at admission compared to those with
known diabetes, a recent study by Ramon et al. found higher acute
/chronic hyperglycaemic ratio to predict worse outcomes in COVID-19
patients.[12,27] However, to the best of our knowledge, there has
been no single study till date that has compared the effects of SH in
COVID-19 in patients with and without pre-existing DM or pre-diabetes.
Utilising the stress hyperglycemia ratio (SHR), a novel index providing
combined evaluation of acute and chronic hyperglycemia, we aimed to
evaluate the influence of SH on mortality and other adverse outcomes in
hospitalized COVID-19 patients, with or without type 2 diabetes mellitus
or prediabetes. Further, we aimed to compare the performance of
admission SHR to absolute admission blood glucose (ABG) levels, in
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predicting outcomes in this group of COVID-19 patients.
2. Subjects

The current study was a prospective observational study conducted
over a period of 12 months (January 2021 to December 2021). The study
population included all patients with moderate, severe or critical
COVID-19 infection, aged between 20 and 80 years, who were admitted
to a tertiary care hospital in West Bengal, India. We excluded patients
with mild COVID-19 infection, those with type 1 DM, DM arising from
pancreatic disorders or other forms of secondary DM, those who were on
chronic glucocorticoid therapy or who had received oral or parenteral
glucocorticoids prior to admission, pregnant women, patients on dialysis
or post-renal transplant patients, those with a recent hypoglycaemia or
hypoglycaemia (ABG < 70 mg/dl) at admission, those with recent blood
transfusion in the preceding three months and those who were admitted
for non-COVID-19 related illness.

3. Materials and methods
3.1. Primary and secondary outcomes

The primary outcome was in-hospital mortality and the secondary
outcomes included the need for ICU admission, need for mechanical
ventilation, development of hospital acquired sepsis, multiple organ
dysfunction syndrome (MODS) and the length of ICU stay (for those in
ICU). Need for ICU admission was decided by pulmonologists and crit-
ical care medicine specialists as per national guidelines. [28-30] The
criteria for ICU admission included the need for mechanical ventilation,
respiratory rate (RR) exceeding 25 breaths per minute (/min), partial
pressure of oxygen (PaO3) < 50 mm Hg on room air or capillary oxygen
saturation (SpO32) < 90% on supplemental oxygen therapy at 6 Litres/
min, hypotension requiring fluid resuscitation or the need for vaso-
pressors, confusion, leukopenia or thrombocytopenia, hypothermia and
/or a quick sequential organ failure assessment (QSOFA) score of > 2.
[31,32 31,32]Those initially admitted in non-ICU wards were shifted to
ICU if they were found to develop any of these criteria during stay. All
patients with acute respiratory distress syndrome (ARDS) were put on
mechanical ventilation, ARDS being defined as new onset breathlessness
(<1 week) with bilateral opacities in chest X-ray in the absence of heart
failure or volume overload, and the ratio of PaO2 / fraction of inspired
oxygen (FiOy) being less than or equal to 300. [31,33] Mechanical
ventilation could be either non-invasive (NIV) using BiPAP (for those
with PaO2/FiOy > 150) or invasive ventilation using lung-protective
strategy (for those with PaOy/FiO2 (150) with early prone ventilation.
[31]

Hospital acquired sepsis was defined as a new-onset infection with
sepsis at least 48 h following admission for COVID-19, in which sepsis
was defined as having two or more features of systemic inflammatory
response syndrome (SIRS) (core body temperature > 380 or < 36 °C),
heart rate > 90 beats/min, RR > 20 breaths/min or PaCoy < 32 mm Hg,
leukocyte count > 12,000 cells/ul or < 4000 cells/ul or > 10% band
forms) [34]. MODS was defined as dysfunction involving 2 or more
organ systems requiring intervention. [34]Length of ICU stay was
determined for those who required ICU admission at any point of time
during hospitalisation from the day of ICU admission till the patient was
shifted to a step-down unit or ward. The decision regarding the
discharge from ICU to step-down ward was taken when the patient was
conscious, oriented and hemodynamically stable with heart rate < 90
/min, systolic blood pressure (SBP) > 120 mm Hg without vasopressor
support, RR < 20/min, tolerating oral feeds and not requiring any organ
support treatment or monitoring. [31]

3.2. Definitions used in the study

Classification of severity of COVID-19, definition of MODS, need for
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ICU stay and need for mechanical ventilation were determined as per
national COVID-19 guidelines. [35]. The diagnosis of DM and pre-
diabetes (PDM) was made as per ADA 2021 criteria for HbA1c% or a
known pre-existing history of type 2 DM, PDM or treatment for the same.
[36]. Thus, DM was diagnosed if at admission, HbAlc was > 6.5% or
patient has a known history of having DM or taking or having taken anti-
diabetic agents. Pre-diabetes (PDM) was diagnosed when the Hbalc was
between 5.7 and 6.4%. All patients fiitting the inclusion and exclusion
criteria and having HbAlc < 5.7% and not affirming a pre-existing
history of DM or treatment for the same were considered in a group of
unknown DM status (UDM). At least one documented HbAlc report
within last three months prior to admission was considered to determine
pre-existing glycemic status. Estimated average blood glucose (eAG) was
calculated from HbA1c% using the formula eAG = 28.7 X HbA1c% —
46.7. [37] Absolute blood glucose at admission (ABG) was tested for all
patients and SHR was calculated using the formula SHR = ABG / eAG.
Cut-offs for ABG and SHR used to define SH were determined as ABG >
180 mg/dl and SHR > 1.14 respectively. [7]

Patients aged between 20 - 80 years admitted with COVID-19
between Jan 2021 to Dec 2021
(N=1217)

\ 4

Patients included for the study
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3.3. Study design

The study design is outlined in Fig. 1. Patients were enquired
regarding their age, pre-existing diabetes status and relevant history
required for the calculation of Charlston co-morbidity index (CCI).
[26,38] For all the patients included in the study, SpO2 and severity of
COVID-19 at the time of admission and 25-point CT severity index
(CTSI) on the first HRCT of thorax done at admission were documented.
Following admission, blood samples were sent for ABG, glycated Hb
(HbA1c) and serum levels of IL-6, CRP, D-dimer, LDH, procalcitonin as
well as complete blood count, urea, creatinine and liver function tests.
All patients received standard of care for COVID-19 as per local and
national guidelines. [29,3128] All patients with breathlessness, RR > 20
breaths/min or mild hypoxemia (SpO2 < 92%) were given supplemental
oxygen with target SpO, above 94%. Thromboprophylaxis with LMWH
(Enoxaparin 40 mg sc or Unfractionated Heparin for those with eGFR
(30) was given to all. All patients received parenteral dexamethasone or
Methylprednisolone as per recommended doses during their stay.

Excluded : Mild COVID-19, DM other than T2DM,glucocorticoid
therapy , pregnant women, patients on dialysis or post
transplant patients, hypoglycaemia

procalcitonin , CBC, HRCT thorax

History, Measurement of ABG, HbA1¢% , IL-6, CRP, D-dimer, LDH,

Primary Outcome : Death

Observed throughout the period of hospital admission

Comparison of Stress hyperglycaemia parameters [Stress-hyperglycemia-ratio (SHR) & Absolute blood glucose at
admission] between those who developed primary outcome ( n = 131 ) or secondary outcomes ( Any secondary
outcome = 218, ICU stay = 184, Mechanical ventilation = 152, , sepsis = 137, MODS = 84) and those who did not
Comparison between those with SHR >=1.14 and those with SHR < 1.14

\ 4

Multiple logistic regression to find independent predictors for
the primary and secondary outcome
Logistic regression in subgroups with and without pre-existing
DM and with or without critical COVID-19 infection to find
independent predictors in each subgroup

Fig. 1. Study design.
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Antiviral agent in the form of Remdesvir injection (200 mg iv on Day 1
followed by 100 mg iv for 5 days) was given to cases presenting within
10 days of symptom onset. The interleukin-6 (IL-6) inhibitor Tocilizu-
mab was considered only in those who had features of cytokine storm
and very high IL-6 levels.

3.4. Assay methods

Diagnosis of COVID-19 infection was based on a positive result on
qualitative detection by Truenat Real-Time polymerase chain reaction
(PCR) based on the amplification of specific regions of the pathogen
genome od SARS-CoV2. Oropharyngeal or nasopharyngeal swab speci-
mens were collected as per standard procedures using a standard nylon
flocked swab. Swab with the specimen was inserted into the Transport
Medium and mixed well by repeatedly twirling the swab in the buffer
solution. The handle of the nylon swab was gently broken at the break
point, leaving the swab containing the specimen in the Transport Me-
dium and the cap was tightly closed. Testing was done on the same day
in the hospital laboratory. Assay was observed to be linear over the
range of dilutions tested and PCR efficiency was found to be 100.8% for
Orfla and 101.87% for Egene, with Limit of Detection (LoD) of Orfla
and E gene being was estimated to be 480 (C.I. 410-628) and 487 (C.I.
419-631) genome copies/mL respectively.

Serum CRP was measured using particle-enhanced immuno-
turbidimetry by Integra 400 + analyser (Roche Diagnostics, Rotkreuz,
Switzerland, CV: 6.6%), serum IL-6 and procalcitonin by electro-
chemiluminiscence assay using Cobas e411 analyser (Roche Diagnostics,
Rotkreuz, Switzerland, CV 10% and 7.6% for IL-6 and procalcitonin
respectively) and D — dimer using quantitative ELISA by VIDAS® D-
Dimer Exclusion™ (Biomerieux, India, CV: 8.2%). Capillary blood
glucose measurements were done before and 2 h after every meals using
Accu-Check Active glucometer and strips following standard measures
and precautions. SpO2 was measured using battery operated AccuSure
fingertip pulse oximeter. HRCT of thorax was done using the Somatom
Emotion 16-slice CT scan 16 by Siemens AG, Germany, and 25 point CT
severity score was reported using the formula by Saeed et al [39]. CBC
was analysed using Sysmex 6 part cell counter. HbA1c% was measured
using HPLC via BIORAD D10 analyser (BIO-RAD, India, CV: 2.8%) and
expressed both as HbA1lc% (NGSP) and in mmol/mol (IFCC). Blood
glucose values were measured using Roche Integra 400 plus analyser
(Roche Diagnostics, Rotkreuz, Switzerland, CV 3.6%). Ethical clearance
for the current project was obtained from the institutional ethical
committee reference no HWH/IEC-BMHR/001,/2020.

3.5. Statistical analysis

Statistical analysis was performed using SPSS version 22.0 (SPSS
Inc.,Chicago,Illinois). Groups were compared using unpaired t-test or
Mann-Whitney’s U test for quantitative variables and Chi-square test,
with Fisher’s correction where appropriate, for categorical variables.
Multiple group comparisons for DM, PDM and UDM were done using
one way ANOVA test followed by Tukey’s post hoc analysis with com-
parison of harmonic means to correct for unequal sample sizes in the
three groups. A p value < 0.05 was considered significant. Correlation
co-efficient is expressed using Spearman’s rho for parameters with sig-
nificant linear correlation. Binomial logistic regression was done to
identify the independent predictors of death and the secondary out-
comes in two steps — univariate analysis (step 1) followed by multi-
variate analysis using independent variables which were found to be
significant (p < 0.05) or suggestive of significance (p < 0.100) in step 1.
Multicollinearity was tested between the multiple predictors and pa-
rameters with VIF>5 were not included in the same logistic regression
model. All the logistic models were validated using the Hosmer- Leme-
show test As sub-group analysis, logistic regression analysis for inde-
pendent predictors of death and the secondary outcomes were
conducted separately in the DM, PDM and UDM sub-groups. ROC curves
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were constructed and analysed for differences in AUROC for the
different parameters.

4. Results
4.1. Baseline demographic characteristics

Out of 1217 patients admitted to the hospital with COVID-19
infection during the study period, a total of 451 patients with moder-
ate, severe or critical COVID-19 were finally included in the study based
on the study inclusion criteria. The mean age of the population was
58.84 (+13.86) years and 62% (n = 279) were males. The primary
outcome of in-hospital mortality was seen in n = 131 (29%), whereas
any one or more of the secondary outcomes were seen in n = 218
(48.3%) of the patients Amongst the secondary outcomes, ICU admis-
sion was required in n = 184 (40.8%) with a mean duration of ICU stay
of 6.5 days (SD: 6.8), mechanical ventilation was needed in n = 152
(33.7%), hospital-acquired sepsis occurred in n = 137 (30.4%) and
MODS developed in 84 (18.6%) patients. A total of n = 224 (49.7%)
patients were admitted with severe COVID-19 infection and n = 125
(27.7%) had critical COVID-19, while the remaining n = 102 (22.6%)
patients had moderate COVID-19 infection.

4.1.1. Anti-diabetic medication use and discontinuation for those with pre-
existing DM

Out of the 216 patients with pre-existing DM, 166 (76.9%) were
receiving Metformin, 96 (44.4%) were on sulfonylureas, 33 (15.3%)
were on pioglitazone, 47 (21.9%) were on alpha-glucosidase inhibitors
(AGI), 134 (62%) were on DPP4 inhibitors (DPP4i), 89 (41.2%) were on
SGLT2 inhibitors (SGLT2i) and two patients were on injectable GLP1Ra
and 57 (26.4%) were on insulin, alone or in combination with other
agents, prior to admission. During admission, all non-insulin anti-dia-
betic agents except DPP4 inhibitors were discontinued for those with
severe or critical COVID-19, those requiring ICU admission, those with
sepsis/MODS or those requiring intensive insulin therapy, according to
existing local and national policies. DPP4i were withheld for those with
MODS. Accordingly, metformin was discontinued in 156 (93.9% of
those previously on metformin) patients, sulfonylureas in 89 of 96 pa-
tients (92.7%), pioglitazone in all 33 patients (100%), AGI in all the 47
patients (100%), SGLT2i discontinued in 83 of 89 patients (93.3%).
DPP4-i were discontinued in 41 out of the 134 patients (30.4%).

4.1.2. Vaccination status

A total of 41 patients (9.1%) had completed two doses of COVID-19
vaccines prior to admission while 80 patients (17.8%) had received
single dose while the majority (n = 330,73.2%) were unvaccinated.

4.2. Treatment received during hospitalization

All the patients in this study received parenteral glucocorticoids
(Dexamethasone or Methylprednisolone) in their recommended doses
for COVID-19 and thromboprohylaxis with heparin. Remdesvir was
given to 148 patients (32.8%) and Tocilizumab to 24 (5.3%) of the
patients.

4.2.1. Glycemic optimization for those with hyperglycemia at admission/
during hospitalization

All patients with ABG > 180 mg/dl at admission were started on
insulin either as subcutaneous basal bolus (>2 pre-meal bolus/day) or
basal-plus (<2 pre-meal bolus/day) regimen or intravenous infusion (if
ABG > 250 mg/dl). Strict glycemic control was maintained for all pa-
tients during hospital stay with intensive insulin regimen to keep target
BG between 80 and 180 mg/dl throughout the day. The average BG on
the day at discharge was 176.5 mg/dl (£28).
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4.3. Comparison between those with and without elevated SHR (SHR >
1.14)

SH, as per SHR > 1.14 criterion was seen in 164 (36.4%) cases. There
were significant differences in the in-hospital mortality as well as the
presence of at least one of the secondary outcomes between those with
and without SHR > 1.14 (n = 88, 53.7% vs n = 43, 15% for death; and n
=117, 71.3% vs n = 101, 35.2% for any secondary outcome, ppoth <
0.001). There were also significantly greater occurrences of most of the
secondary outcomes in those with elevated SHR, though there were no
differences in the severity of COVID-19, or mean HbAlc at admission
between the two groups (Table 1). There was a higher prevalence of pre-

Table 1
Comparison between those with and without elevated Stress Hyperglycaemia
Ratio (SHR >1.14).

Patients with Patients with p
SHR >1.14(n = SHR <1.14 (n =
164) 287)
Age in years 60.77 (12.51) 57.75 (13.73) 0.02
Gender M: 108F: 56 M: 171F: 115 0.23
Severity of COVID-19 at Moderate = 30 Moderate = 72 0.25
admission (18.0.3%) (25.1%)
Severe = 85 Severe = 139
(51.8%) (48.4%)
Critical = 49 Critical = 76
(29.9%) (26.5%)
Known Type 2 Diabetes DM =88(53.7%) DM =128 0.02
Mellitus (DM) or Prediabetes = 9 (44.6%)
Prediabetes (5.5%) Prediabetes = 39
None = 67 (13.6%)
(40.9%) None = 120
(41.8%)
SpO2 (%) at admission 83.46 (7.86) * 86.27 (6.92) <0.001
Charlston comorbidity 4.67 (3.50) 4.42 (3.46) 0.46
index
25-point CT Severity score 11.95 (5.31) 11.08 (5.09) 0.08
IL-6 (pg/ml) 135.26 (266.12) 151.90 (536.32) 0.71
CRP (mg/L) 152.61 (163.61)*  113.20 (112.73) 0.003
LDH (mg/dl) 585.93 (448.22)*  456.51 (304.26) <0.001
D - dimer (ng/ml) 3945.2(3605.90) 2984.13 0.003
(3304.02)
Procalcitonin (mcg/L) 2.97 (5.36) 3.09 (11.74) 0.901
Neutrophil:Lymphocyte 36.23 (29.89( 29.88 (48.72) 0.131
ratio
6.68 (1.84) 6.44 (1.57) 0.135
HbA1c%(NGSP) 49.5 (6) 46(5)
HbAlc in mmol/mol
(IFCC)
ABG (mg/dl) 194.68 (71.97)* 145.83 (50.08) <0.001
SHR 1.36 (0.13)* 1.06 (0.09) <0.001
In hospital mortality 88 (53.7%) * 43 (15%) <0.001
Any secondary outcome 117 (71.3%)* 101 (35.2%) <0.001
Required ICU stay 105 (64%) * 79 (27.5%) <0.001
Required mechanical 85 (51.8%) * 67 (23.3%) <0.001
ventilation 81 (49.4%) * 56 (19.5%) <0.001
Hospital acquired sepsis 39 (23.9%) * 45 (15.7%) 0.02
MODS
Duration of ICU stay in days  10.81 (7.59) 5.04 (5.97) 0.67
Prior medication for DM
Metformin 70 (72.2%) 98 (58.7%) 0.03
Sulfonylureas 29 (33%) 67 (50%) 0.01
Thiazolidinediones 13 (14.8%) 20 (15.5%) 0.98
a-glucosidase inhibitor 14(15.9%) 32(25.2%) 0.13
DPP4 inhibitors 58 (65.9%) 77 (60.2%) 0.48
GLP1Ra 1 1
SGLT2i 38 (43.2%) 51 (39.8%) 0.67

*Denotes significant differences between the two groups with and without SHR
> 1.14 (p < 0.05 All values are expressed as mean (SD) or number (percentage)
except SHR which is expressed as median (IQR). ABG = Absolute blood glucose
at admission, SHR = Stress hyperglycemia ratio, SHR was derived from the
formula (Blood glucose a admission) / estimated Average Glucose (eAG) derived
from HbA1c% at admission. IL-6 = Interleukin-6, CRP = C-Reactive Protein,
LDH = Lactate dehydrogenase, MODS = Multiple organ dysfunction syndrome.
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existing T2DM in those with SHR > 1.14 (53.7% vs 44.6%, p = 0.02).
Inteerstingly, among those with T2DM, those who were on sulfonylureas
had lesser incidence of SH defined by SHR > 1.14 (n = 67, 50% vs n =
29, 33% of those with SHR >1.14 and < 1.14 respectively were on
sulfonylureas prior to admission).

4.4. Comparison between those with and without primary and secondary
outcomes

4.4.1. Primary outcome (In-hospital mortality)

In our study, in-hospital mortality was seen in 29% (n = 131) of the
study population. Those who died during hospital admission were older
in age, had higher severity of COVID-19 infection and higher prevalence
of DM, with significantly greater rise in inflammatory markers than
those who survived (n = 342, 71%). Significantly higher proportion of
those who survived had completed double-dose COVID-19 vaccination
compared to those who died (11.3% vs 3.8%,p = 0.01). (Table 2).
Compared to those who survived, there was a significantly higher
prevalence of SH among those who died, as defined by SHR > 1.14 (n =
88,67.2% vs n = 76,23.8%) or ABG > 180 (n = 74,56.5% vs n =
77,24.1%). Further, the median SHR was significantly higher in those
who died (1.16 vs 1.07, p < 0.01).

There were no differences in the rates of use or of discontinuation of
any of the anti-hyperglycemic agents or of single-dose vaccination be-
tween those who died vs those who survived (Table 2). Need for
intensive insulin therapy during admission was significantly higher for
those who died (56.5% vs 24.1%, p < 0.001). No differences in the rates
of remdesvir or tocilizumab use were noted in the two groups (Table 2).
However, the total number of patients receiving Tocilizumab was small
in our study (n = 24).

4.4.2. Secondary outcomes

Comparing those who had at least one of the secondary outcomes (n
= 218, 48.33%)with those without any of the secondary outcomes (n =
233, 51.6%), the former had significantly higher prevalence of DM,
prevalence of stress hyperglycemia (defined by ABG or SHR criteria),
greater degree of COVID-19 severity and higher levels of SHR and ABG,
as well as rise in inflammatory biomarkers. Similar findings were
observed for the subgroups requiring ICU admission (n = 184) or me-
chanical ventilation (n = 152), compared to those not requiring either
(pan < 0.03). (Suppl Table 1). Significantly lower proportion of patients
with one or more secondary outcomes had taken at least one dose of
COVID-19 vaccines (n = 43, 19.7% vs 82, 35.2% for those with and
without secondary outcomes respectively, p < 0.001). Paradoxically,
higher proportion of those with secondary outcomes had received
Tocilizumab (8.3% vs 2.1%, p = 0.004), but this was likely due to the
fact that those receiving Tocilizumab had more severe disease and
higher IL-6 levels and therefore, greater probability of having received
Tocilizumab.

Amongst those who developed hospital acquired sepsis (n = 137) or
MODS (n = 84, 18.6%) significantly higher levels of HbAlc, ABG and
SHR were observed compared to those who did not [6.85% vs 6.4%
(50.5 vs 46 mmol/mol), 184.84 0.7 vs 154.32 and 1.24 vs 1.12
respectively, pall < 0.003). However, severity of COVID-19 infection at
admission as well as levels of inflammatory markers failed to show
significant differences between these two sub-groups.

4.5. Comparison of differences between groups with and without elevated
SHR (> 1.14) depending on baseline DM status

Overall, pre-existing type 2 Diabetes Mellitus (DM) was found in
47.9% (n = 216) and pre-diabetes (PDM) in 10.6% (n = 48) of the pa-
tients, while the rest were without diabetes mellitus (UDM, n = 187,
58.5%). ANOVA and post-hoc Tukey’s analysis among the three groups
yielded significant differences between the parameters due to differ-
ences between the DM and UDM group, while there were no significant
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Table 2
Comparison between those with and without the primary outcome of in-hospital
mortality.

Parameter All (n = Died (n = Survived P
451) 131) (n = 320)

Age (yrs)* 58.84 62.62 57.3 0.001
(13.36) (12.14) (13.55)

Gender M: 279F: M: 90F: 41 M: 189F: 0.07
171 130

Severity of COVID 19 * 0.04

Moderate 112 7(5.3%) 95(29.7%)

Severe (32.6%) 75(57.3%) 149

Critical 224 49(37.4%) (46.6%)
(49.7%) 76(23.8%)
125
(27.7%)

Sp02%* 85.25 80.67 87.12 <0.001

(7.39) (7.14) (6.65)

Type 2 Diabetes 216 104 112(35%) <0.001
Mellitus * (47.9%) (79.4%) 42(13.1%)
Pre-diabetes 48 (10.6%) 6 (4.6%)

Charlston comorbidity 4.51 (3.47) 5.53 (3.62) 4.09(3.32) <0.001
index*

25 point CT severity 11.40 13.37 10.59 <0.001
index* (5.19) (4.84) (5.11)

HbA1c%(NGSP)* 6.53 (1.68) 7.35 (2) 6.19 (1.40) <0.001
HbA1c in mmol/mol 48 (5) 56 (6) 43.5 (5)

(IFCQ)*
ABG* 163.59 208.60 145.17 <0.001
(63.43) (77.16) (45.57)
SHR* 1.11 (0.27) 1.16 (0.32) 1.07 (0.11) <0.001
Prevalence of SH*
ABG > 180 * 151 74 (56.5%) 77 (24.1%) <0.001
SHR > 1.14 * (33.5%) 88 (67.2%) 76 (23.8%) <0.001
164
(36.4%)
CRP(mg/L)* 127.53 197.71 98.80 <0.001
(134.66) (170.91) (104.04)
D-Dimer(ng/ml)* 3310.70 4974.55 2629.56 <0.001
(3446.51) (3739.53) (3074.95)
LDH(mg/dl)* 503.57 714.31 417.30 <0.001
(368.09) (352.61) (338.76)
NLR* 32.2 53.70 23.34 <0.001
(42.88) (50.55) (35.79)
Procalcitonin(mcg/L)* 3.05 (9.91) 6.09 1.80 (8.09) 0.001
(12.88)
IL-6 (pg/ml) 145.85 199.84 123.74 0.11
(456.64) (327.84) (498.67)
Prior medication for DM (DM (DM (DM
Metformin subgroup, subgroup, subgroup, 0.08
Sulfonylureas n = 216) n = 104) n=112) 0.89
Thiazolidinediones 166 74 (71.2%) 92 (82.1%) 0.34
a-glucosidase (76.9%) 47 (45.2%) 49 (43.8%) 0.41
inhibitor 96 (44.4%) 13 (12.4%) 20 (17.9%) 0.4
DPP4 inhibitors 33 (15.3%) 20 (19.2%) 27 (24.3%)
GLP1Ra 47 (21.9%) 68 (65.4%) 66 (58.9%) 0.13
SGLT2i 134 (62%) 2 0 0.22
Insulin 2 37 (35.6%) 52 (46.4%)
89 (41.2%) 23 (22.1%) 34 (30.4%)
57 (26.4%)

Discontinued

medication for DM 156 75 (72.1%) 81 (72.3%) 1
Metformin (72.2%) 45 (43.3%) 44 (39.3%) 0.58
Sulfonylureas 89 (41.2%) 13 (12.4%) 20 (17.9%) 0.57
Thiazolidinediones 33 (15.2%) 20 (19.2%) 27 (24.1%) 0.41
a-glucosidase 47 (21.8%) 15 (14.4%) 26 (23.2%) 0.12

inhibitor 41 (19%) 2 0 0.48
DPP4 inhibitors 2 37 (35.6%) 46 (41.1%)
GLP1Ra 83 (38.4%)

SGLT2i

Started on Insulin 151 74 (56.5%) 77 (24.1%) <0.001
during admission * (33.5%)

Hypertension 185 (41%) 54 (41.2%) 131 1

(40.9%)
On ACEi/ARB 132 36 (27.5%) 96 (30%) 0.65
(29.3%)
Remdesvir 49 (37.4%) 99 (30.9%) 0.19
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Table 2 (continued)

Parameter All(n = Died (n = Survived P
451) 131) (n = 320)
148
(32.8%)
Tocilizumab 24 (5.3%) 10 (7.6%) 14 (4.4%) 0.17
Received single dose 84 (18.6%) 17 (13%) 67 (20.9%) 0.06
Vaccine prior to
admission
Received double dose 41 (9.1%) 5(3.8%) 36(11.3%) 0.01

Vaccine prior to
admission*

*denotes parameter with significant differences (p < 0.05) between those who
died vs those who survived. All values are expressed as mean (SD) or number
(percentage)except SHR which is expressed as median (IQR). SH = Stress hy-
perglycemia, ABG = Absolute blood glucose at admission SHR = Stress hyper-
glycemia ratio, SHR = Blood glucose at admission / estimated Average Glucose
(eAG) derived from HbA1lc% at admission] IL-6 = Interleukin-6, CRP = C-
Reactive Protein, LDH = Lactate dehydrogenase, MODS = Multiple organ
dysfunction syndrome,ACEi = Angiotensin converting Enzyme inhibitor, ARB =
Angiotensin receptor blockers.

differences between either DM or UDM with PDM group. Apart from
higher HbA1lc% and ABG values, those with DM had lower mean SpO2
levels and higher CRP, D-dimer and LDH levels at admission, indicating
a greater severity of COVID-19 infection at admission . The prevalence of
in-hospital mortality, hospital acquired sepsis and MODS were highest
in those with DM, followed by those with PDM and lowest in UDM, with
significant differences between the groups for hospital-acquired-sepsis,
MODS and need for ICU stay (p < 0.05). (Suppl Table 2). The median
SHR values and the prevalence of SH was similar in DM, PDM and UDM
groups.

In-hospital mortality, for those with elevated SHR > 1.14, was
greater than those without elevated SHR, irrespective of glycemic status.
Similarly, majority of the secondary outcomes in those with elevated
SHR, were significantly greater for both DM and UDM subgroups. (pall
< 0.03, Suppl Table 2). Interestingly in the UDM group, those with
elevated SHR had significantly higher HbAlc at admission compared to
those without [5.24% vs 5.05% (33.5 vs 31.5 mmol/mol), p = 0.01].

4.6. Results of logistic regression analysis

4.6.1. Predictors for the primary outcome

Following multiple logistic regression, in a model with independent
variables of age, SpO2, severity of COVID-19 infection, pre-existing DM
status, HbA1c%, vaccination status, Charlston comorbidity index scores
(CCI) and SH defined by ABG > 180 and SHR > 1.14, we found that
SHR> 1.14 [OR: 7.81 (4.07-14.98), p < 0.001] was an independent
predictor for in-hospital mortality. The other independent predictors of
mortality were admission SpO2 [OR: 0.77 (0.72-0.83)], CCI [OR: 1.17
(1.07-1.28)], critical COVID-19 [OR: 12.05 (4.34-33.43)], double-dose
vaccination status [OR: 0.19 (0.05-0.71)], HbA1lc% [OR: 1.004
(1.001-1.008)] and pre-existing DM/pre-diabetes status [OR: 4.88
(2.06-11.57)]. However, SH defined by ABG > 180 was not found to be
an independent predictor for mortality (Table 3).

Upon subgroup analysis by preexisting DM status, both SHR > 1.14
and ABG >180 were independent predictors of in-hospital mortality in
the DM subgroup [OR: 10.51 (4.34-25.45) and OR: 4.55 (1.33-15.59)
for SHR > 1.14 and ABG > 180 respectively,ppotn < 0.02). However, in
the UDM subgroup SHR > 1.14 remained an independent mortality
predictor [OR: 5.40 (1.57-18.55), p = 0.01] but ABG > 180 was not.
Notably, HbA1c% as a continuous variable [OR: 1.005 (1.001-1.009),p
= 0.02] and double-dose vaccination status [OR: 0.14 (0.03-0.77),p =
0.02] were independent positive and negative predictors, respectively,
of mortality in the DM subgroup but not in the UDM subgroup.

Considering severity of COVID-19 at admission, SHR > 1.14 was an
independent predictor of mortality in those with critical as well as non-
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Table 3
Logistic regression analysis of admission glucose metrics as predictors of in-
hospital mortality.

Whole group Subgroup with Subgroup without
[n = 451] Diabetes Mellitus Diabetes Mellitus
[n = 216] /pre-diabetes
[n =187]
Glucose metric O.R. (C.I)
thresholds at
admission*
Stress 7.81 10.51 5.40 (1.57-18.55)*
hyperglycemia (4.07-14.98)*  (4.34-25.45)*
ratio (SHR) > 1.14
Absolute glucose at 0.37 4.55 0
admission (ABG) (0.13-1.01) (1.33—15.59)#
> 180 mg/dl

*Results from logistic regression of a model adjusted for age, severity of COVID-
19, pre-existing Type 2 Diabetes Mellitus status, Charlston comorbidity index,
Sp02, HbAlc%,vaccination status in addition to the admission glucose metrics
SHR > 1.14 and ABG > 180.0.R. = Odds’ ratio, C.I. = Confidence Intervals #
represents significant results,p < 0.05.

critical COVID-19 infection though the Odds for mortality was much
higher in those with critical COVID-19 [OR: 26.28 (5.98-115.38) and
5.33 (2.47-11.51) for critical and non-critical COVID-19 respectively,
Pboth < 0.001], On the contrary, ABG > 180 was found to significantly
predict mortality only in those with critical COVID-19 [OR: 16.62
(1.64-168.51),p = 0.02]. Interestingly, double-dose vaccination status
was a significant negative predictor of mortality in those with critical
COVID-19 [OR: 0.08 (0.01-0.81), p = 0.03] but not in those with non-
critical COVID-19.

Due to strong collinearity between themselves, admission ABG and
SHR values could not be used as continuous independent variables in the
same model. When they were analysed in separate prediction models
with age, SpO2, critical COVID-19, pre-existing DM status and double-
dose vaccination status as the other independent variables, both ABG
and SHR emerged to be independent predictors for in-hospital mortality
in the entire cohort [OR: 1.04 (1.03-1.06) and OR: 1.06 (1.04-1.08) for
ABG and SHR respectively, ppoth < 0.001). AUROC curves were estab-
lished for both and the AUROC was higher for SHR (84.2%) than for ABG
(76.8%) (Fig. 2). When analysed separately for the DM and UDM sub-
groups, the AUROC persisted to be higher for SHR than ABG in both the
DM (87.8% and 64.1% respectively, ppoth < 0.001) and the UDM groups
(79.7% and 71.6% respectively, ppomn < 0.001). (Table 4) (Suppl Fig. 1a
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Fig. 2. ROC curves for Stress hyperglycemia ratio (SHR) and absolute blood
glucose levels at admission (ABG) in predicting in-hospital mortality in the
whole cohort.
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Table 4

AUROC with C.I for Stress hyperglycemia Ratio and Absolute Blood Glucose at
admission in the whole group and subgroups according to pre-existing chronic
glycemic status.

Whole group Subgroup with Subgroup without
Diabetes Diabetes Mellitus/
Mellitus pre-diabetes
Stress 0.842 0.878 0.797
hyperglycemia (0.806-0.878) (0.833-0.924) (0.719-0.874)
ratio (SHR)
Absolute glucose 0.768 0.641 0.716

at admission
(ABG)

(0.721-0.815) (0.564-0.718) (0.625-0.807)

*AUROC = Area under Receiver operating characteristic curve, C.I. = Confi-
dence intervals, p < 0.001 for all.

and 1b).

4.6.2. Predictors for the secondary outcome

Following multiple logistic regression analysis, we found that
elevated SHR > 1.14 [OR: 4.41 (2.49-7.84), p < 0.001] was an inde-
pendent predictor for the occurrence of one or more secondary out-
comes, along with low admission SpO2 [OR: 0.79 (0.74-0.84)], critical
COVID-19 [OR: 6.15 (2.37-15.97)], age [OR: 1.06 (1.04-1.09)] and
HbAlc [OR: 1.004 (1.001-1.008)]. SHR > 1.14 remained to be an in-
dependent predictor for one or more secondary outcomes in both DM
and UDM subgroups [OR: 4.60 (1.77-12.01) and OR: 6.46 (2.68-15.58)
respectively in DM and UDM subgroups, ppoth < 0.002]. However, ABG
> 180 failed to act as independent predictors for secondary outcomes in
either the entire cohort or any of its subgroups. The protective effect of
double dose vaccination status against one or more secondary outcomes
was seen in the DM subgroup [OR: 0.16 (0.03-0.75, p = 0.02] but not in
the UDM sub-group.

5. Discussion

In the current study, we analysed the role of stress hyperglycemia in
patients with moderate (49.7%), severe (29.7%) or critical (22.6%)
COVID-19 infection admitted in a tertiary care hospital, of whom 43.5%
were having pre-existing type 2 diabetes mellitus. The primary outcome
of in-hospital mortality after admission occurred in 29% of cases, and
other adverse outcomes including the need for ICU stay or mechanical
ventilation, hospital acquired infections and MODS were seen in 40.8%,
33.7%, 8.8%, 30.4% and 18.6% respectively. Our study period included
the months which coincided with the second wave in India and we
excluded patients with mild COVID-19 patients, which explains the high
mortality rates in our study than that reported in some other studies.
[40,41]

In our cohort, more than one-third had developed SH, defined either
by admission blood glucose > 180 mg/dl (35.6%) or SHR > 1.14
(40.3%). Prior studies considering an admission glucose values above
140 mg/dl as a diagnosis of SH reported rates of 35-40% [42,43]. In the
past five years, several studies have shown that HbAlc-adjusted glyce-
mic variables, like the stress hyperglycemia ratio, which have an
adjustment factor for the chronic hyperglycaemic state, could be more
appropriate biomarkers for predicting worse outcomes in higher risk of
certain critical illnesses[4,7,11,44,45] [The high prevalence of SH seen
in our study could be related to the combined effects of SARS-CoV2
mediated beta cell dysfunction, effect of pro inflammatory cytokines
and hypoxia in addition to other stress induced factors. Hypoxia has
been shown to cause acute rise in blood glucose levels, possibly medi-
ated by increased release of epinephrine [46] This is borne out by the
fact that greater degrees of hypoxia and higher levels of pro-
inflammatory cytokines were seen in those with SHR > 1.14 in our
study.

We found elevated SHR > 1.14 to be an independent predictor of in-
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hospital mortality and other secondary outcomes, including hospital
acquired sepsis and MODS, irrespective of their background chronic
glycemic status. In those without DM, only SHR > 1.14 could predict
mortality but admission blood glucose > 180 couldn’t. In those with pre-
existing type 2 DM, both SHR > 1.14 as well as ABG > 180 were mor-
tality predictors but the Odd’s ratio and AUROC for SHR was higher than
admission blood glucose. Some older studies claimed SH to be prog-
nostically important only in those without DM whereas more recent
studies have focussed on the importance of SH in patients with DM
admitted with different critical illnesses. [47] In older studies, SH was
believed to be a protective mechanism developed due to creation of a
high blood glucose diffusion gradient, thus enhancing cellular glucose
uptake in the setting of disturbed microvascular flow. [48] However,
this overload of glucose and oxidative phosphorylation leads to oxida-
tive stress and ROS production in the mitochondria, and consequently
the endoplasmic reticulum, leading to cellular dysfunction and wors-
ening the course of the disease.[49] In acute hypoxia, there is increased
production of ROS by alteration of the cytochrome chain activity,
further decreasing the normal cellular antioxidant response. [50]
Additionally, direct infection by the SARS-CoV2 has been shown to
trigger oxidative stress by a number of mechanisms, including ACE2
down regulation leading to decreased activity of the AT2-ACE2-MapK
pathway, increased neutrophil:lymphocyte ratio with neutrophil acti-
vation and the role of pro inflammatory cytokines. [51,52] Therefore,
SH occurring in the setting of COVID-19 can lead to overwhelming ROS
production. In patients with pre-existing DM, particularly those with
poor control, there is reduced compensatory anti-oxidative capacity.[8]
This might explain the damaging effects of SH being more prominently
seen in those with pre-existing type 2 DM. Mortality rates were lower in
those who received two doses of COVID-19 vaccination but not in those
having received singly vaccination. Double-dose vaccination had a
protective effect from COVID-19 mortality in those with DM but not in
those without pre-existing DM/pre-diabetes in our study. This is inter-
esting to note given that some studies have shown that patients with DM
and poor glycemic control at the time of vaccination could dampen the
immunological response to COVID-19 vaccination.[53]

We found no differences in the use of oral anti-diabetic agents or
insulin prior to admission in those who died and those who survived.
However, there was a higher need for insulin therapy during admission
in those who died, this being driven by the higher rates of admission
hyperglycemia in the former. In another study on COVID-19 patients
with admission hyperglycemia, the rates of oral anti-diabetic agents and
insulin was not found to affect disease severity or mortality. [19] In our
study, we had not initiated oral anti-diabetic agents in any patient with
admission hyperglycemia and used insulin therapy in all of them while
discontinuing many of the pre-hospital oral agents according to national
COVID-19 management guidelines. The use of Remdesvir and Tocili-
zumab also were not found to affect mortality, though, the overall
number of patients receiving Tocilizumab was less in our cohort due to
financial constraints. To account for multiple co-morbidities that might
affect. COVID-19 outcomes, we used the Charlston-comorbidity index
which has been validated as a predictor for mortality, ICU stay and other
adverse outcomes in multiple settings including COVID-19 and is
particularly suitable for small studies.

In a recent study on COVID-19 patients with type 2 DM, the authors
have concluded that hyperglycaemia at admission is associated with
poor outcomes but not mortality, while acute: chronic hyperglycaemia
has a U shaped mortality curve with high mortality rates at both the
lowest and highest tertile.[12]In our study, the values for SHR, which is
essentially the same as the acute: chronic hyperglycemia ratio, are
higher than those reported by the authors. The reasons for the higher
SHR might be the use of non-fasting blood glucose levels at admission for
SHR calculation in our study, unaccounted and unrecorded use of glu-
cocorticoids prior to admission in some of the patients and a higher
severity of COVID-19 with greater degree of hypoxia and pro-
inflammatory markers in our patients. Also, the study by Raman et al

Diabetes Research and Clinical Practice 190 (2022) 109974

was conducted on a predominantly elderly population (mean age 75
years, range 61 to 85 years), some of whom had chronic kidney disease,
which might have contributed to an attenuated stress response and
release of cortisol and catecholamines, which in turn would elicit a
lesser degree of stress hyperglycaemia. In our study, we included pa-
tients without diabetes mellitus in addition to those with pre-existing
type 2 DM and pre-diabetes, while carefully excluding those with
documented hypoglycaemia or advanced CKD at admission. In another
study, authors found that in COVID-19 patients with stress hyperglyce-
mia defined as admission glucose above 180 mg/dl, decrease in blood
glucose within 24 hrs from from baseline was associated with lower
rates of mortality and progress to severe disease in both nondiabetic and
diabetic patients. [19] Thus, early and intensive glycemic control must
be ensured in all patients with COVID-19.

Our results suggest that SH plays an important role in determining
outcomes in hospitalised moderate-to-severe COVID-19 patients with or
without pre-existing type 2 DM. Further, SH as elicited by an elevated
admission SHR > 1.14, proves to be a consistent and better predictor for
in-hospital mortality and other adverse outcomes than absolute blood
glucose at admission, irrespective of baseline glycemic status. Almost all
existing guidelines focus on intensive glycemic control when the ABG
rises above 180 mg/dl. However, novel indices like the SHR, which
factor-in the both acute and chronic glycemic status, might be a more
clinically useful parameter to identify COVID-19 patients at higher risk
of adverse outcomes, and hence be considered as treatment targets for
intensive glycemic monitoring and treatment.

Our study has some limitations. The subjects in our study were fol-
lowed up till discharge from the hospital or death. Since the follow-up
period was not a uniform pre-determined time duration in days or
months for all, we could not analyse the data using a Cox-proportional
hazards model but used the multivariate regression instead. While use
of fasting blood glucose values alone may have been ideal to calculate
SHR at admission, getting an adequate number of moderate-to-severely
ill COVID-19 patients presenting to the hospital in the fasted state may
not have been practically feasible. Since many of our patients with se-
vere illness could not stand properly at admission, BMI could not be
calculated for all, while arterial blood gas parameters were not available
for comparison in all. Since our study emcompassed a period in which
vaccines were being rolled out across the country, the proportion of
vaccinated patients were low. The type of vaccine received was not
taken into account. We used the Charlston-comorbidity index to give a
single quantitative value adjusting for multiple co-morbidities in our
patients and didn’t consider individual comorbidities for statistical
analysis. The details regarding the type of vaccines was also not taken
into account. The findings of our study will need further validation in
larger, multicenter prospective studies.

In conclusion, the presence of stress hyperglycaemia, can adversely
affect mortality and morbidity in patients hospitalised with COVID-19,
and this effect is seen both those with type 2 diabetes mellitus and
those without diabetes mellitus. An elevated SHR > 1.14 proves to be a
better predictor of in-hospital mortality and morbidity in COVID 19
patients, irrespective of baseline chronic glycemic status, when
compared with absolute admission blood glucose values. While results
of our study underscore the importance of strict glycemic monitoring for
all hospitalised patients with COVID-19, irrespective of their baseline
glycemic status, elevated SHR can be used a as a novel index at admis-
sion to identify at-risk populations who requires closer supervision and
early intervention to control blood glucose levels.
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