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ABSTRACT

Glucocorticoids, also known as steroids, are a
class of anti-inflammatory drugs utilised widely
in clinical practice for a variety of conditions.
They are associated with a range of side effects
including abnormalities of glucose metabolism.
Multiple guidelines have been published to
illustrate best management of glucocorticoid-
induced hyperglycaemia and diabetes in a vari-
ety of settings. This article discusses current best
clinical practice including diagnosis, investiga-
tions and ongoing management of glucocorti-
coid-induced dysglycaemia in both in- and
outpatient settings.
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Key Summary Points

Glucocorticoid-induced dysglycaemia is
often underdiagnosed.

Complications are costly to the health
system and the individual.

Early diagnosis and management are key
to preventing significant morbidity and
mortality.

Knowledge gaps include guidance on
optimal diagnosis and monitoring in
community and prognosis in the context
of Covid-19.

INTRODUCTION

More than 10% of all inpatients in the UK are
treated with glucocorticoids [1, 2]. Dysgly-
caemia associated with glucocorticoid use is
under-recognised and -monitored [3]. Hyper-
glycaemia can lead to a range of complications
and is associated with increased mortality and
prolonged hospital stays. Despite guidelines
recommending glucose monitoring, a UK-based
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study found less than one third of patients
received any estimation of glucose level before
initiation of glucocorticoids [3]. Increasing use
of glucocorticoids during the Covid-19 pan-
demic has highlighted the need for recognition
and management of glucocorticoid-related
dysglycaemia.

This practical guide is a study of existing
literature and guidelines with no new study of
human or animal subjects; therefore, ethical
clearance was not sought. This article is limited
to exogenous use of glucocorticoids and does
not discuss hyperglycaemia related to endoge-
nous glucocorticoids.

This is a study of existing literature and
guidelines with no new study of human or
animal subjects; therefore, ethical clearance was
not sought.

Definitions of Glucocorticoid-induced
Hyperglycaemia and Diabetes

Worsening glycaemic control in the context of
pre-existing diabetes mellitus is termed gluco-
corticoid-induced hyperglycaemia whereas
hyperglycaemia in the absence of pre-existing
diabetes is termed glucocorticoid-induced dia-
betes. Hyperglycaemia is defined as blood glu-
cose (BG) levels [ 11.1 mmol/l on at least teo
occasions after commencing glucocorticoid
therapy (Fig. 1).

Pathophysiology

Glucocorticoids contribute to hyperglycaemia
via disruption of various physiological meta-
bolic mechanisms by both increasing insulin
resistance and decreasing insulin secretion
(Fig. 2). Insulin production is reduced because
of decreased expression of glucose transporter

type 2 (GLUT2) and glucokinase receptors on
pancreatic beta cells.

Reduced insulin sensitivity results from the
effects of glucocorticoids on the liver, skeletal
muscle and fat cells. The liver plays an impor-
tant role in maintaining glycaemic control
through glucose production (gluconeogenesis)
and glycogen store breakdown (glycogenolysis).
Glucocorticoids induce enzymes that promote
gluconeogenesis as well as increase lipolysis and
proteolysis. Skeletal muscle represents the lar-
gest reserve of glycogen in the body, storing
80% of postprandial glucose. Glucocorticoids
interfere with signalling cascades via glucose
transporter type 4 (GLUT4), similarly to the
glucose transporter, which is responsible for
clearance of glucose post-prandially in response
to insulin. This interference results in reduced
glucose uptake in muscle cells and reduced
glycogen synthesis. Glucocorticoids also pro-
mote lipolysis leading to an increase in serum-
free fatty acids and triglycerides as well as
causing deposition of fat in organs and reducing
peripheral reserves [7].

Risk Factors

The risk of developing diabetes with use of
glucocorticoids is almost doubled with esti-
mates of relative risk ranging from 1.36 to 2.31
[8, 9]. Meta-analysis data have demonstrated
that 32.3% of individuals treated with gluco-
corticoids develop hyperglycaemia and 18.6%
develop glucocorticoid-induced diabetes [2].
Both person-specific and pharmacological fac-
tors can confer a higher risk of glucocorticoid-
induced dysglycaemia (Box 1). Identifying
individuals at risk could aid targeted diagnostic
testing and monitoring.

Multiple person-specific factors relate to
increased risk of dysglycaemia in the context of
glucocorticoid use. These factors include older
age, raised body mass index (BMI), raised
HbA1c, personal history of gestational diabetes
and family history of diabetes. Additionally,
individuals at risk of diabetes or those with
impaired glucose metabolism are also at
increased risk of glucocorticoid-induced
dysglycaemia.

Fig. 1 Diagnosis of glucocorticoid-induced hypergly-
caemia and diabetes (original diagram adapted from Refs.
4–6)
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Pharmacological factors should be consid-
ered in identifying those at risk. Complications
of glucocorticoids appear to be dose dependent

with higher risks of complications associated
with potency, duration and dosage. Evidence
suggests that any formulation of glucocorticoid
can affect glycaemic control as an association of
hyperglycaemia with oral, inhaled, topical,
intra-articular and intralesional routes of
administration [6]. Supraphysiological doses
equating to C 5 mg of prednisolone are related
to glucocorticoid side effects; however, Joint
British Diabetes Societies (JBDS) guidelines
advise caution because some individuals may
develop side effects at lower doses. Prolonged
courses confer greater risk and estimates suggest
that around 22% of glucocorticoid use lasts [
6 months and 4.3%[ 5 years [10].

Clinical Relevance

Glucocorticoid-induced hyperglycaemia and
diabetes are associated with increased morbidity
and mortality and increased healthcare costs.
Hyperglycaemia can result in osmotic symp-
toms and can lead to acute complications such
as diabetic ketoacidosis (DKA) and hyperosmo-
lar hyperglycaemic state (HHS). Hyperglycaemia
is associated with poorer outcomes including
longer or more frequent hospitalisations,
infection risk and increased burden of morbid-
ity and mortality [5]. Long-term microvascular

Fig. 2 Mechanism of the effect of glucocorticoids on glycaemic control (original diagram adapted from Refs. 5, 7)

Box 1 Risk factors for glucocorticoid induced diabetic
complications (original diagram adapted from texts 4,6,11)
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and macrovascular risks may be exacerbated in
patients who receive glucocorticoid treatment
and the co-existence of inflammatory diseases
with glucocorticoid-induced hyperglycaemia
confers increased cardiovascular risk [7].

Glucocorticoid-induced hyperglycaemia and
diabetes are underdiagnosed and under-moni-
tored. A study of adult patients in the UK pre-
scribed systemic glucocorticoids for[3 months
observed variations in glucose monitoring
across the country. They found that less than
one third of patients received glucose monitor-
ing prior to commencing glucocorticoids and\
60% of patients prescribed glucocorticoids for
over a year received some glucose monitoring
after exposure [3]. This may in part be due to a
lack of consensus guidance on community- and
outpatient-based recommendations on diagno-
sis and monitoring.

The Covid-19 pandemic has further high-
lighted the clinical relevance of glucocorticoid-
induced hyperglycaemia. The pandemic led to
an increase in hospital admissions with viral-
induced acute illness as well as an increase in
the use of glucocorticoids. Covid-19 has been
shown to lead to higher rates of hyperglycaemia
and has been associated with higher rates of
new-onset diabetes, DKA and HHS [12]. The
mechanisms of these findings are still not fully
known but may relate at least in part to acute
illness and glucocorticoid use. Hospitalised
patients with Covid-19 have an increased risk of
all-cause mortality in the presence of newly
diagnosed or pre-existing diabetes [12].

Management

Blood Glucose Monitoring and Targets
Oral glucose tolerance tests and HbA1c mea-
surement are not routinely suggested for use in
the screening/diagnosis of glucocorticoid-in-
duced diabetes in the acute setting unless
otherwise indicated. HbA1c may be inaccurate
or misleading in the acute setting of new-onset
hyperglycaemia where glycaemic control had
been within normal limits prior to administra-
tion of glucocorticoids. HbA1c should be
checked prior to commencement of glucocorti-
coid therapy in those deemed to be at high risk

of hyperglycaemia to exclude pre-existing dia-
betes in these groups.

In hospital, those with known diabetes
should have blood glucose checked four times
daily. In individuals not known to have dia-
betes, glucose should be estimated once daily
upon commencement of glucocorticoid ther-
apy. In general, a morning dose of glucocorti-
coid will likely result in an early afternoon
transient increase in serum glucose. Blood glu-
cose monitoring at this time therefore offers the
greatest diagnostic sensitivity. However, evi-
dence suggests that 2-h post-prandial glucose
measurements at any time of day can reliably be
used to detect glucocorticoid-induced hyper-
glycaemia with any regimen [5]. If glucose
exceeds 11.1 mmol/l, glucose monitoring
should be increased to four times a day.

In general, a target blood glucose level
between 6 and 10 mmol/l is recommended in
the inpatient population. In groups with high
risk of hypoglycaemia or vulnerable to harm
from hypoglycaemia, strict glycaemic targets
may not be indicated and levels between 6 and
15 mmol/l may be acceptable. Vulnerable
patient groups include people with dementia,
patients with delirium or frailty, those with
recent brain injury, those with risk of falling,
renal impairment and dialysis, patients with
variable dietary intake and those at end-of-life
care. In end-of-life care, management should be
focussed on symptomatology.

The major consensus guidelines on diagnosis
and management of glucocorticoid-induced
hyperglycaemia and diabetes are largely tar-
geted towards inpatients. However, a large pro-
portion of glucocorticoids is commenced in
outpatient and community settings. JBDS
guidelines recommend increased monitoring in
those with known diabetes and commencing
monitoring in high-risk groups. A pragmatic
approach in the primary care setting is to ensure
that all high-risk individuals and those with
pre-existing diabetes have access to glucose
monitoring at home with twice weekly moni-
toring as minimum. Monitoring should be
more rigorous if levels exceed 11.1 mmol/l and
all patients should receive education about
hyperglycaemic symptoms which should
prompt testing. Undiagnosed diabetes should
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be excluded in high-risk groups by a definitive
test for diabetes prior to commencing gluco-
corticoids. These measures would ideally reduce
acute presentations of hyperglycaemia in sec-
ondary care and allow earlier intervention of
hyperglycaemia [13]. Guidelines specific for
cancer patients recommend monitoring glucose
levels at every outpatient appointment if con-
sidering systemic anti-cancer or glucocorticoid
therapy [14, 15].

Pharmacological Management
T1DM It is recommended to titrate regular
insulin by 10–20% as required to achieve glu-
cose targets (Fig. 2). In basal-bolus regimens the
evening basal insulin can be transferred to the
morning and basal doses increased by 10–20%
daily until targets are met [4]. If hyperglycaemia
remains persistent despite insulin titration,
specialist input may be required to consider
adjustment of insulin therapy.

T2DM Recommendations suggest commenc-
ing once daily morning gliclazide 40 mg and
titrating as required until glycaemic control is
achieved. If at maximal dose of morning gli-
clazide it is recommended to commence an
additional evening dose or consider commenc-
ing insulin therapy. Once daily intermediate-
acting insulin in the morning is recommended
initially but twice daily or basal bolus regimens
can be considered to achieve glucose targets. In
those already on insulin therapy, doses can be
titrated up by 10–20% to achieve targets and
evening basal doses can be transferred to the
morning (Figs. 3, 4).

Glucocorticoid-induced Hyperglycaemia Gli-
clazide 40 mg once daily in the morning is
recommended and can be titrated up to a
maximum dose of 240 mg once daily in the
morning as per BG targets. If glycaemic control
is not achieved, evening dose of gliclazide can
be added and intermediate-acting insulin
considered.

Diabetic Emergencies In cases presenting with
significant hyperglycaemia, insulin may be
required initially and variable-rate insulin
infusion may be indicated [16]. Those

presenting with DKA or HHS should be man-
aged as per local guidelines with input from the
specialist team. In complex cases, such as those
on parenteral nutrition, early input from the
diabetic team may be indicated to tailor phar-
macotherapy [16].

Cessation of Glucocorticoid Therapy
When glucocorticoid therapy is stopped, con-
sideration of ongoing glucose monitoring and
review of ongoing glucose lowering therapy
should be made. Sulphonylurea and insulin
doses should be reduced in tandem with
reductions in glucocorticoid dose to avoid
hypoglycaemia. Glucose monitoring should be
continued until euglycaemia is achieved. For
hospital patients discharged with glucocorti-
coids, it is advised to continue a minimum of
once daily glucose monitoring upon discharge.
In those who have discontinued glucocorticoids
but hyperglycaemia persists, glucose monitor-
ing should be continued and after 3 months
formal testing for diabetes should be under-
taken. Newly diagnosed patients may require
devices for glucose monitoring upon discharge
and be provided with education on glucose
monitoring including safety netting advice if
persistent hyperglycaemia or hypoglycaemia
exists [16].

Prognosis

After stopping glucocorticoid therapy up to a
third of people with glucocorticoid-induced
diabetes may go on to develop persistent dia-
betes [4]. There is a degree of diagnostic uncer-
tainty in cases of steroid-induced diabetes
where baseline glucose levels and/or HbA1c
have not been checked prior to exposure to
glucocorticoids. There are some data to suggest
that glucocorticoids unmask pre-existing glu-
cose metabolism disorders thus leading to per-
sistent diabetes [17, 18]. Chronic exposure to
glucocorticoids can lead to metabolic and car-
diovascular adverse events with the risk of dia-
betes and cardiovascular events increased two-
to three-fold [3]. Over 50% of individuals taking
chronic glucocorticoid treatment develop fea-
tures of metabolic syndrome further
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contributing to cardiovascular risk [19]. The
prognosis of glucocorticoid complications in
the context of Covid-19 is not yet known and
further prospective studies into this are
required.

CONCLUSION

Despite the wide clinical usage of glucocorticoid
therapy and well-documented evidence of glu-
cocorticoid-induced hyperglycaemia and

Fig. 3 Summary of inpatient recommendations (original diagram adapted from Refs. 4, 14)
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diabetes, these complications still go under-di-
agnosed and -monitored. Consensus guidelines
have a strong focus on hospital inpatient man-
agement despite widespread community use;
however, clinical evidence provides pragmatic

solutions for monitoring and usage in the
community. Lack of early diagnosis and appro-
priate management is costly to both the patient
in the short and long term in addition to the
health system as a whole.

Fig. 4 Summary of outpatient recommendations (original diagram adapted from Refs. 4, 13)
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