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Hyperglycaemia in COVID-19: improving
recognition and management in a single

centre
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Abstract

Background: Hyperglycaemia is a recognised complication of
COVID-19 disease and is associated with increased morbidity
and mortality. Effects are noted in individuals with and with-
out diabetes and potentiated by the use of recognised
COVID-19 treatments such as corticosteroids. Early glycaemic
control in the inpatient with COVID-19 disease impacts
significantly on outcomes.

Methods: A three-phase improvement project evaluated the
recognition and management of hyperglycaemia in 120
adult inpatients with COVID-19 disease over a 4-month pe-
riod. A local guideline and a separate acute care ‘bundle’
were implemented to improve performance. The main out-
comes of the project were evaluated in a repeated cross-
sectional design; assessing the performance of regular cap-
illary blood glucose monitoring and appropriate treatment
of hyperglycaemia where indicated.

Results: Prior to intervention, 78.6% of patients had appro-
priate capillary blood glucose monitoring and no patients
were deemed to receive appropriate treatment. Following
interventions, 83-100% of patients had appropriate moni-
toring and 75-100% received appropriate treatment.
Conclusions: In this setting, implementation of a guideline
and a care bundle contributed towards improved recognition
and management of hyperglycaemia in patients with COVID-
19 disease. Future study could assess the impact of interven-
tions on a larger scale whilst investigating variation in the
subtype of diabetes, patient sex and other demographics on
outcomes such as length of stay, morbidity and mortality.
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Background

There is increasing recognition of the morbidity and mortality as-
sociated with the secondary sequelae of COVID-19 disease. In peo-
ple with and without diabetes, hyperglycaemia is a recognised
complication and may have clinically significant effects including
diabetic ketoacidosis and hyperosmolar hyperglycaemic state. The
mechanism for COVID-19-associated hyperglycaemia is not yet
clear, although likely implicates increased reactive oxygen species
production and circulating interleukin-6, along with a state of in-
creased insulin resistance.? There is perhaps a direct link between
hyperglycaemia and the physiological response to the stressor of
an acute severe viral syndrome — so-called stress hyperglycaemia.
Furthermore, the development of hyperglycaemia may be exacer-
bated or precipitated by some therapies approved for COVID-19
disease, in particular dexamethasone.

It is estimated that hyperglycaemia occurs in around 50% of
patients with COVID-19 during the acute phase of illness.? Hyper-
glycaemia and/or diabetes in COVID-19 patients are independent
risk factors for prolonged hospital stay, critical illness and mortality.*
Additionally, it has been reported that controlled blood glucose lev-
els during the first 24 hours of disease correlate with a lower risk of
severe disease progression and lower mortality by day 20 of illness
in both subjects with and without diabetes.? This highlights the im-
portance of early recognition and intervention in hyperglycaemia.

The pathophysiological response to COVID-19 disease has an
impact on which therapies can be used in the acute phase of illness
and makes selection of a specific agent more challenging. Current
evidence recommends use of insulin therapy in hospitalised and
critically unwell patients;? advantages include relatively easy dose
titration and the option of an insulin infusion for more challenging
cases. Less favourable options include glucagon-like peptide 1 (GLP-
1) analogues,? sodium-glucose co-transporter 2 (SGLT-2) inhibitors,?
thiazolidinediones? and sulfonylureas.'? Evidence is limited for
dipeptidyl peptidase-4 (DPP-4) inhibitors.> Metformin has been
associated with a lower risk of death in hospitalised COVID-19
patients® and should be continued in individuals already established
on the drug; however, other studies discourage its use in patients
with critical disease severity? due to association with lactic acidosis
in such disease states. The pharmacological management of hyper-
glycaemia in COVID-19 is complex and clinicians must adapt their
approach accordingly — hence the importance for guidelines and
protocols in this relatively novel patient group.

During the emergence of COVID-19 in early 2020, a number
of cases of hyperglycaemia in patients with the disease were noted
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by the authors; in particular, in patients with co-existing diabetes
and/or those who were receiving dexamethasone therapy. This
observation encouraged a search of the relevant literature and guid-
ance available at the time, which was found to be relatively scarce.
Given the recognised complications of hyperglycaemia in unwell
patients and the associated morbidity and mortality of it alongside
COVID-19, the topic was studied further at a local level. This project
aimed to evaluate and improve the quality of monitoring and man-
agement of hyperglycaemia for hospitalised patients with COVID-
19 disease.

Methods

Population

This project collected data relevant to medical inpatients with a
laboratory-confirmed diagnosis of COVID-19 disease within Forth
Valley Royal Hospital between November 2020 and March 2021.
The population group included adult inpatients within the acute
medicine and general medicine wards of the hospital (age range
19-92). Children, obstetric and critical care unit patients were not
included in this study.

Data collection

This study consisted of three periods of data collection by means of
a repeated cross-sectional design. Data were collected by two of
the authors by examining patient notes, inpatient prescriptions and
capillary blood glucose (CBG) monitoring charts. The main out-
comes evaluated in the project were performance of regular CBG
monitoring and appropriate treatment for hyperglycaemia where
indicated.

During each phase of data collection, patients were initially iden-
tified as having a confirmed diagnosis of COVID-19 disease. The au-
thors then evaluated the proportion of the patient group with
pre-existing diabetes mellitus and the proportion of total patients
receiving dexamethasone therapy. Performance of regular CBG
monitoring was assessed, with particular attention to patients with
a recorded CBG >12 mmol/L triggering initiation of insulin treat-
ment, as adapted from national guidance' and taking into account
the risks and benefits of various antidiabetic medications.!26 The
proportion of patients who warranted such treatment, and received
it appropriately, was also assessed.

Interventions

Data were collected at regular intervals throughout the study: base-
line data prior to any intervention; over the course of 2 months
following a 1-week run-in from the implementation of a local
‘"Hyperglycaemia in COVID-19" guideline; and again, over 1 month
following a 1-week run-in from the implementation of a local
'COVID-19 Acute Care Bundle'.

The initial guideline was developed by a multidisciplinary team
(MDT) of the project authors, Diabetes Consultant Physicians and
an inpatient Diabetes Specialist Nurse, with subsequent publication
on the local clinical guidelines intranet page. Awareness of the
guideline was disseminated to staff by email.

The subsequent intervention, a ‘COVID-19 Acute Care Bundle’,
was developed later in the project by the authors in conjunction
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with the medical leads of the acute medical unit (AMU). Taking the
form of a two-page checklist/guideline, this was part of a wider
project to optimise the overall acute medical management of
COVID-19 patients (including basic investigation, prescribing and
escalation decisions) and included a prompt for implementing a
CBG chart for a COVID-19-positive patient. Infographics regarding
the management of hyperglycaemia in COVID-19 were included on
the reverse of the document. The bundle was introduced at an AMU
safety brief before being made available on the local intranet page
and in hard copy in the AMU MDT office.

Results

One hundred and twenty hospitalised adults with COVID-19 disease
were evaluated in this project over a 4-month period (12% in
phase 1, 56% in phase 2, 32% in phase 3). Of all patients studied,
24 (20%) had a pre-existing diagnosis of diabetes mellitus and 74
(61.7%) patients received dexamethasone treatment for COVID-19
disease. A total of 26 (21.7%) patients had a CBG of >12 mmol/L
that would merit insulin treatment.

Prior to any intervention, 78.6% of patients received regular
CBG monitoring; however, no patients studied received appropriate
treatment for hyperglycaemia. Following the first intervention, in
cycle 1, 54-88% of patients had regular CBG monitoring and
71-100% of patients received appropriate treatment for hypergly-
caemia. Following implementation of the second intervention, in
cycle 2, 83-100% of patients received regular monitoring and
75-100% received appropriate treatment. The overall results
throughout the duration of the project are shown in Figure 1.

Discussion

The prevalence of co-existing diabetes mellitus in COVID-19 disease
in other studies is 17-28.3%,3”# correlating with the findings of
this project. Conversely, a British multicentre prospective cohort
study by Narhi et al found that only 33.5% of hospitalised COVID-
19 patients received steroid therapy (with missing data from 18.3%
of total patients).® This figure is significantly less than demonstrated
for the population in the current study. Smaller sample size may
explain some of this effect; however, given that the current study
was undertaken from November 2020, considerable impact is likely
due to the widely recognised findings of the RECOVERY trial,
encouraging use of dexamethasone in COVID-19 patients. The
study by Narhi et al assessed data from June to September 2020,°
when the use of dexamethasone therapy in COVID-19 was just
gaining popularity.

Our study suggests that 21.7% of patients warranted manage-
ment of hyperglycaemia for CBG >12 mmol/L. This compares to an
American multicentre study of a patient group with diabetes and/or
uncontrolled hyperglycaemia where 37.8% of patient days were
spent with a mean blood glucose level >180 mg/dL'" (equivalent to
10 mmol/L). Given the morbidity associated with hyperglycaemia in
COVID-19 disease, both the study by Bode et al and the current
study demonstrate a significant proportion of patients requiring
intervention for above-threshold hyperglycaemia.

During this study, performance with CBG recording was consis-
tently high, even prior to intervention. This may reflect general good
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Figure 1. Monitoring and management of hyperglycaemia in patients with COVID-19 disease over time.
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practice within the hospital and is likely supported by the proportion
of people with diabetes and/or patients on dexamethasone where
regular monitoring of CBG levels is already common practice.
Performance with CBG monitoring over time increased following
interventions. The primary outcome of this study — appropriate
treatment of hyperglycaemia — also improved over time. These data
demonstrated a clear improvement in appropriate therapy follow-
ing the implementation of a local guideline and care bundle for
COVID-19 patients. There may also be an experience effect
contributing to improved performance as clinicians become more
familiar with appropriate glycaemic management over time.

At the time of publication, the authors were aware of few other
single-centre quality improvement projects addressing dysglycaemia
in patients with COVID-19 disease. As such, this project demon-
strates novel methods of tackling the issue at a local level through
sustainable practical solutions. The current guideline and care bun-
dle have since been approved at a hospital clinical governance
meeting to ensure ongoing use for possible future waves of COVID-
19 presentations. Although the current study has differentiated
patients by presence of diabetes and/or steroid therapy, future study
would benefit from a larger sample size to corroborate findings
within each study phase. Similarly, future study would benefit from
implementation within other hospital settings, and investigation of
the differences on outcomes between male and female patients,
age brackets, diabetes subtypes and in those with stress glycaemia
or in other acute causes of hyperglycaemia (such as pancreatic in-
sult, intravenous fluid therapy, concurrent illness). Examination of
additional outcomes such as length of stay, incidence of critical care
admission, incidence of dysglycaemic complications and mortality
may enhance future practice with prognostic relevance.

Conclusion

Hyperglycaemia is an important complication of COVID-19 disease,
associated with increased morbidity and mortality. The presence of
co-existing diabetes mellitus and/or steroid therapy in such patients
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e Hyperglycaemia is a recognised complication of
COVID-19 disease and has an impact on subsequent
morbidity and mortality

e The management of hyperglycaemia in the context
of COVID-19 disease differs from the management in
patients without

e The implementation of local guidelines and pathways
can contribute to improved glycaemic monitoring and
control in patients with COVID-19 disease

are recognised as exacerbators of this effect, and it has been pre-
viously described that early glycaemic control in the inpatient with
COVID-19 disease impacts significantly on outcomes. Until further
research demonstrates otherwise, there are limited safe treatment
options for hyperglycaemia in patients with COVID-19 disease
beyond that of insulin therapy. This quality improvement project
investigated the monitoring and management of glycaemic control
in 120 inpatients with COVID-19 disease in one hospital setting —
before, during and following two changes of practice. The imple-
mentation of a COVID-19 specific hyperglycaemia guideline and a
subsequent acute care ‘bundle” have contributed towards improved
blood glucose monitoring and hyperglycaemia management for
this patient group, although there would be much to gain from
more detailed study within patient subgroups and on longer-term
outcomes for future work in this area.
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