
E X P E RT O P I N I ON

Management of Glucocorticoid-Induced
Hyperglycemia
Parag Shah1, Sanjay Kalra2, Yogesh Yadav3, Nilakshi Deka4, Tejal Lathia5, Jubbin Jagan Jacob6,
Sunil Kumar Kota7, Saptrishi Bhattacharya8, Sharvil S Gadve9, KAV Subramanium10, Joe George11,
Vageesh Iyer12, Sujit Chandratreya13, Pankaj Kumar Aggrawal14, Shailendra Kumar Singh 15,
Ameya Joshi16, Chitra Selvan17, Gagan Priya18, Atul Dhingra19, Sambit Das20

1Department of Endocrinology, Gujarat Endocrine Centre, Ahmedabad, Gujarat, India; 2Department of Endocrinology, Bharti Hospital & B.R.I.D.E,
Karnal, Haryana, India; 3Department of Endocrinology, MAX Super Specialty Hospital, Dehradun, Uttarakhand, India; 4Department of Endocrinology,
Apollo Hospital & Dispur Polyclinic and Nursing Home, Guwahati, West Bengal, India; 5Department of Endocrinology, Apollo Hospital, Mumbai,
Maharashtra, India; 6Department of Endocrinology, CMC Hospital, Ludhiana, Punjab, India; 7Department of Endocrinology, Diabetes and Endocrine
Clinic, Berhampur, Orissa, India; 8Department of Endocrinology, OeHealth Diabates & Endocrinology Centre, Delhi, Delhi, India; 9Department of
Endocrinology, Excel Endocrine Centre, Kolhapur, Maharashtra, India; 10Department of Endocrinology, Visakha Diabates & Endocrine Centre,
Vishakhapatnam, Andhra Pradesh, India; 11Department of Endocrinology, Endodiab Clinic, Calicut, Kerala, India; 12Department of Endocrinology, St.
John’s Medical College & Hospital, Bangalore, Karnataka, India; 13Department of Endocrinology, Endocare Clinic, Nashik, Maharashtra, India;
14Department of Endocrinology, Hormone Care & Research Centre, Ghaziabad, Uttar Pradesh, India; 15Department of Endocrinology, Endocrine
Clinic, Varanasi, Uttar Pradesh, India; 16Department of Endocrinology, Endocrine and Diabetes Clinic, Mumbai, Maharashtra, India; 17Department of
Endocrinology, Ramaiah Memorial Hospital, Bangalore, Karnataka, India; 18Department of Endocrinology, IVY Hospital, Chandigarh, Punjab, India;
19Department of Endocrinology, Bansal Hospital, Sri Ganganagar, Rajasthan, India; 20Department of Endocrinology, Endeavour Clinic, Bhubaneshwar,
Orissa, India

Correspondence: Sanjay Kalra, Kunjpura Road, Model Town, Near State Bank of India, Sector 12, Karnal, Haryana, 132001, India, Tel +9215848555,
Email brideknl@gmail.com

Abstract: Glucocorticoids are potent immunosuppressive and anti-inflammatory drugs used for various systemic and localized conditions.
The use of glucocorticoids needs to be weighed against their adverse effect of aggravating hyperglycemia in persons with diabetes mellitus,
unmask undiagnosed diabetes mellitus, or precipitate glucocorticoid-induced diabetes mellitus appearance. Hyperglycemia is associated
with poor clinical outcomes, including infection, disability after hospital discharge, prolonged hospital stay, and death. Furthermore, clear
guidelines for managing glucocorticoid-induced hyperglycemia are lacking. Therefore, this consensus document aims to develop guidance
on the management of glucocorticoid-induced hyperglycemia. Twenty expert endocrinologists, in a virtual meeting, discussed the evidence
and practical experience of real-life management of glucocorticoid-induced hyperglycemia. The expert group concluded that we should be
proactive in terms of diagnosis, management, and post-steroid care. Since every patient has different severity of underlying disease, clinical
stratification would help understand patient profiles and determine the treatment course. Patients at home with pre-existing diabetes who are
already on oral or injectable therapy can continue the same as long as they are clinically stable and eating adequately. However, depending
on the degree of hyperglycemia, modification of doses may be required. Initiating basal bolus with correction regimen is recommended for
patients in non-intensive care unit settings. For patients in intensive care unit, variable rate intravenous insulin infusion could be temporarily
used, but under supervision of diabetes inpatient team, and patients can be transitioned to subcutaneous insulin once stable baseline
assessment and continual evaluation are crucial for day-to-day decisions concerning insulin doses. Glycemic variability should be carefully
monitored, and interventions to treat patients should also aim at achieving and maintaining euglycemia. Rational use of glucose-lowering
drugs is recommended and treatment regimen should ensure maximum safety for both patient and provider. Glucovigilance is required as the
steroids taper during transition, and insulin dosage should be reduced subsequently. Increased clinical and economic burden resulting from
corticosteroid-related adverse events highlights the need for effective management. Therefore, these recommendations would help
successfully manage GC-induced hyperglycemia and judiciously allocate resources.
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Introduction
Glucocorticoids (GCs) are potent immunosuppressive and anti-inflammatory drugs and the recent COVID-19 pandemic
has highlighted an urgent need to develop clear guidance on how to manage GC-induced hyperglycemia. GCs may be
used as replacement therapy in people with adrenal insufficiency. But more commonly, they are used for their
immunosuppressive and immunomodulatory properties for a wide variety of systemic and localized conditions
(Table 1). The use of GCs needs to be weighed against their adverse effects of aggravating hyperglycemia in persons
with diabetes mellitus (DM), unmask undiagnosed DM, or precipitate GC-induced DM appearance.1 The incidence of
GC-induced hyperglycemia is 12%, and a recent meta-analysis suggested that the rate of GC-induced diabetes and
hyperglycemia was 18.6% and 32.3%, respectively.2,3 In patients with organ transplant, who undergo GC treatment, the
prevalence of abnormal glucose metabolism is between 17% and 32%.4

The pattern of glycemic excursions that are seen with GC use is associated with the type of GC used, its dose and
regimen. While replacement doses cause the least amount of hyperglycemia, hyperglycemia can be marked in those on
moderate to high doses, such as 7.5–30 and 30 mg per day prednisolone, respectively. When intermediate acting GCs are

Table 1 Common Indications for Use of Glucocorticoid Therapy

Physiological replacement ● Adrenal insufficiency

● Congenital adrenal hyperplasia

Anti-inflammatory and immunosuppressive effects (supraphysiological doses)

Organ system

Respiratory ● Bronchial asthma
● Acute exacerbation of COPD

● Interstitial lung disease

● Hypersensitivity pneumonitis
● COVID-19

● ARDS

● Cytokine storm
● Anaphylaxis

● Sarcoidosis

● Cystic fibrosis

Rheumatologic ● Rheumatoid arthritis

● SLE
● Ankylosing spondylitis

● Polymyositis/dermatomyositis

● Polyarteritis
● Vasculitis

Dermatological ● Acute severe dermatitis
● Urticaria/angioedema

● Pemphigus vulgaris

Ophthalmological ● Uveitis

● Keratoconjunctivitis

● Optic neuritis

Hematological ● Lymphoma/leukemia

● Hemolytic anemia
● Idiopathic thrombocytopenic purpura

Endocrine ● Subacute thyroiditis

● Lymphocytic hypophysitis

(Continued)
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administered once daily (in the morning), hyperglycemia is more marked after 4–6 hours of the dose (seen mostly in late
afternoon and evening time). However, when they are administered in 2–3 divided doses or with the use of long-acting
GCs, hyperglycemia usually persists throughout the day. In addition, GCs cause a greater degree of post prandial
hyperglycemia due to insulin resistance.5,6 Therefore, fasting blood glucose may be misleading and normal with
a significant amount of hyperglycemia through the rest of the day.

GC-induced hyperglycemia should be controlled since hyperglycemia is associated with poor clinical outcomes,
including infection, disability after hospital discharge, prolonged hospital stay, and death. Therefore, careful monitoring
of glucose levels is recommended for reducing severity. Hyperglycemia screening for hospitalized COVID-19 patients:
all admitted patients need to be evaluated for hyperglycemia at admission with at least 2 capillary blood glucose (CBG)
values (1 pre-meal and 1 post-meal value) by a glucometer. Every patient with diabetes should be on a diabetic diet. Also,
need to monitor the CBG values and titrate oral anti-hyperglycemic drugs (OAD)/insulin based on the protocols.47

Definition and Classification
The standard definitions for hyperglycemia have been described in Box 1.7–11

This consensus document aims to develop guidance on the management of GC-induced hyperglycemia. Twenty
expert endocrinologists, in a virtual meeting, discussed the evidence and practical experience of real-life management of

Table 1 (Continued).

Gastrointestinal ● Ulcerative colitis

● Crohn’s disease
● Autoimmune hepatitis

Renal ● Nephrotic syndrome

Organ transplantation ● Heart, kidney, liver

● Cornea

Neurological ● Multiple sclerosis

● GBS
● AIDP or CIDP

● Cerebral edema

Box 1 Standard definitions for hyperglycemia

● Diabetes: FPG ≥126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h.* OR 2-h PG ≥200 mg/dL (11.1 mmol/L) during

OGTT. The test should be performed as described by WHO, using a glucose load containing the equivalent of 75 g anhydrous glucose dissolved in
water.* OR A1C ≥6.5% (48 mmol/mol). The test should be performed in a laboratory using a method that is NGSP certified and standardized to the

DCCTassay.* OR In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma glucose ≥200 mg/dL (11.1 mmol/L).

● Prediabetes: FPG 100 mg/dL (5.6 mmol/L) to 125 mg/dL (6.9 mmol/L) (IFG) OR 2-h PG during 75-g OGTT 140 mg/dL (7.8 mmol/L) to 199 mg/
dL (11.0 mmol/L) (IGT) OR A1C 5.7–6.4% (39–47 mmol/mol). (* For all three tests, risk is continuous, extending below the lower limit of the range

and becoming disproportionately greater at the higher end of the range. * In the absence of unequivocal hyperglycemia, diagnosis requires two

abnormal test results from the same sample or in two separate test samples)
● In-hospital/inpatient hyperglycemia: any glucose value >140 mg/dL (7.8 mmol/L) in hospitalized patients. Bedside capillary glucose values are
acceptable in this setting.

● Stress-induced hyperglycemia: elevation of fasting glucose ≥ 126 mg/dL (≥7 mmol/L), or 2-hour postprandial glucose > 200 mg/dL (≥11
mmol/L) measured at any time, in a patient without evidence of previous diabetes and who spontaneously returns to normal range post discharge.

● Glucocorticoid-induced hyperglycemia: A general term for increase in blood glucose levels due to steroid treatment, including persons with

pre-existing diabetes who have a glycemic control deterioration.
● Glucocorticoid-induced diabetes: Individuals who develop diabetes in relation to steroid therapy without previously having had a diagnosis of
diabetes.
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GC-induced hyperglycemia. Regular contact was made over social media and email. Multiple interactions were done
until consensus was reached. Published literature was compiled and presented to the expert group for review, and the
discussions were used to prepare this document. Increased clinical and economic burden resulting from corticosteroid-
related adverse events highlights the need for effective management.16 Therefore, these recommendations would help
successfully manage GC-induced hyperglycemia and judiciously allocate resources.

Patient Clinical Considerations
Since every patient has different severity of underlying disease, clinical stratification helps understand patient profiles and
determine treatment course. Clinical stratification can be based upon either management setting or the use of steroids. The
risk of hyperglycemia depends on underlying profiles. Several factors need to be considered when managing hyperglycemia
associated with the use of GCs, such as the underlying indication for the use of GCs, clinical severity of the disease, type of
GC used, dose potency being used, and expected duration of use of GCs (Table 2). Other factors that need consideration
include prior history of diabetes or steroid-induced hyperglycemia, background antidiabetic therapy, family history of
diabetes, nutritional status, organ dysfunction, general well-being, and concomitant medications.

Management Setting
Home
GCs may be used in stable patients at home for a variety of conditions including some patients of COVID-19. The usual
GC regimens being used in domiciliary care include prednisolone or methylprednisolone once daily (preferably in the
morning) or twice daily or dexamethasone (once daily). Patients with adrenal insufficiency may be on hydrocortisone
administered in three divided doses or once daily prednisolone. According to guidelines by the Joint British Diabetes
Societies for inpatient care, taking steroid medications at home could elevate blood glucose levels, which require
treatment. Individuals should be advised to monitor capillary blood glucose (CBG) regularly at home with
a glucometer. Monitoring should not be restricted to only fasting blood glucose but should include post prandial and
evening glucose values.18

Table 2 Glucocorticoids in Clinical Use: Preparations and Equivalent Potency

Type of
Glucocorticoid

Duration
of Action
(Hours)

Equivalent Potency Relative
Glucocorticoid
Activity

Relative
Mineralocorticoid
Activity

Peak of
Action
(h)

Short acting Hydrocortisone 8–12 20 mg 1 1 1

Cortisone 8–12 25 mg 0.8 0.8 –

Intermediate

acting

Prednisone 12–36 5 mg 4 0.8 1–3

Prednisolone 12–36 5 mg 4 0.8 –

Methylprednisolone 12–36 4 mg 5 Minimal –

Triamcinolone 12–36 4 mg 5 0 –

Deflazacort 12–24 6 mg 4 1.3

Long acting Dexamethasone 36–72 0.75 mg 30 Minimal 1.6–2

Betamethasone 36–72 0.6 mg 30 Negligible –

Fludrocortisone 12–36 Not used for glucocorticoid

activity due to very high

mineralocorticoid activity

10–15 125–150 –

Notes: Data from: Liu et al, 2013;12 Pickup, 1979;13 Möllmann et al, 1995;14 Derendorf et al, 1991;15 and Leow et al, 1986.46
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Non-Intensive Care Unit/Ward
In the case of patients who are hospitalized in general ward areas and who are initiated on GC therapy, regular
monitoring of CBG levels is advised.18 The usual dose regimens in the ward setting are similar to those used in
domiciliary care. The pattern of glucose monitoring should include fasting as well as post-meal monitoring.

Intensive Care Unit
GCs are usually administered in high doses such as methylprednisolone 1–2 mg/kg/day or higher or dexamethasone
6 mg/day. This can result in significant hyperglycemia throughout the day. In addition, the type of nutrition and
concomitant medications might also influence glycemia. Patients on enteral (Ryles tube) rather than oral feed have
more marked hyperglycemia.19–23 Some centers administer RT feed as continuous feed with few hours of discontinuation
at night, while others use bolus feeds administered every 2–3 hours. Monitoring should take into consideration the type
of enteral feed. Parenteral nutrition may have a high glucose load and results in significant sustained hyperglycemia.
Concomitant use of inotropes may also add to hyperglycemia. Intensive care unit (ICU) patients usually require blood
glucose monitoring at 1–2 hourly intervals.

When there are resource constraints and in select patients where BG has been stable for over 24 hours, monitoring can
be reduced to 3–4 hourly intervals. For patients on parenteral feed, the experts recommended glucose monitoring every 4
to 6 hours.24 Furthermore, if the patient is receiving intravenous insulin, blood glucose monitoring should be more
frequent, ranging from 30 min to every 2 hours. Glucometer readings must be reliable in ICU patients, and blood from
arterial or central venous lines can be used for bedside glucometer testing. If the capillary glucose does not match the
clinical picture, a confirmatory lab sample should be sent.25

Baseline Assessment and Evaluation
Upon admission, the patient’s family history, concomitant medication, and clinical status, including illness severity,
changes in the trajectory of glucose measures, concomitant medications, nutritional status, which could affect glucose
levels, should be noted and included in day-to-day decisions concerning insulin doses.24 Random CBG should be
performed at the time of hospital admission. Next, a pre-meal and 2-hour post-meal CBG should be performed with the
first major meal in the hospital. If lab facilities are available, then blood samples should be sent for fasting plasma
glucose (FPG) and glycosylated hemoglobin (HBA1c) the next morning. CBG should be monitored before each meal
and, if possible, after meal as well for at least 2 days for underlying hyperglycemia if any of the test values are high (ie,
Random CBG ≥ 180 mg/dL [10 mmol/L], Pre-meal ≥140 mg/dL [7.8 mmol/L], Post-meal ≥180 mg/dL [10 mmol/L],
FPG ≥ 110 mg/dL [6.1 mmol/L], HbA1c ≥6.0%). Pharmacotherapy should be initiated if any of the test values meet the
glycemic thresholds (ie, Random CBG ≥ 250 mg/dL [13.9 mmol/L], Pre-meal ≥150 mg/dL [8.3 mmol/L], 2 hours Post-
meal ≥200 mg/dL [11.1 mmol/L]). HBA1c test should be performed at the time of diagnosis wherever possible. This
would help detect pre-existing unknown diabetes and also provide information about the prior glycemic control in
persons with known diabetes. It also assists in patient counseling and risk stratification. ADA recommends that A1C
should be performed on all hospital-admitted patients with diabetes or hyperglycemia (blood glucose >140 mg/dL [7.8
mmol/L]) if not performed in the prior 3 months.24

Risk factors for GC-induced diabetes include a higher dose of steroids (prednisolone >20 mg, hydrocortisone >50 mg,
dexamethasone >4 mg), as well as longer duration of steroids. Other risk factors include advanced age, higher BMI,
previous glucose intolerance or impaired glucose tolerance, personal history of gestational diabetes or previous GC-
induced hyperglycemia, family history of DM, HbA1C ≥6%.5

Monitoring and Therapeutic Targets
Glucose variability is reported to be an independent predictor of mortality in critically ill patients. Nevertheless, the role
of intervention to control glycemic variability in improving outcomes is unknown.24 However, glycemic management
can be challenging due to the variable nutritional status and consciousness level of a patient, which affects glycemic
monitoring and overall patient safety. Therefore, glucose targets in hospital settings are modestly higher than commonly
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advised for persons with diabetes in outpatient settings.24,26 Optimal blood glucose targets should be <140 mg/dL (7.8
mmol/L) for pre-meal values and <180 mg/dL (10.0 mmol/L) for post-meal values. For ICU, target should be 140–
180 mg/dL (7.8–10.0 mmol/L).

Optimal glycemic control improves outcomes. However, too aggressive lowering to near-normoglycemia has not
been shown to be beneficial and significantly increases hypoglycemia risk.27 Glycemic targets according to AACE
guidelines have been described in Box 2.24

Choice of Therapy
The importance of matching glycemic profile of the GC administered with insulin has been highlighted in a previous
study, where the experimental group received a “correctional insulin” that matched with the GC’s glycemic profile
administered with or without “background” basal-bolus insulin. The study reported significantly lower mean blood
glucose and glycemic variability in the experimental group.28 In patients receiving high-dose GC therapy, glucose
monitoring for minimum of 48 hours and initiating insulin therapy, as appropriate, is recommended. For patients who are
already undergoing hyperglycemia treatment, early adjustment of insulin dose is advised. Continuous glucose monitoring
in real-time (rtCGM) or intermittently (iCGM) facilitates monitoring the “time in range” and is a potential tool for
adjusting insulin doses.29 Hyperglycemia can be managed with different approaches depending on the patient’s clinical
status (Table 3). The high load of hyperglycemia in hospitals creates challenges for health-care professionals.
Administering GCs with maximum provider safety is challenging, but crucial. In overburdened wards, it may be difficult
for health-care providers to administer insulin at the exact time.

Insulin therapies for morning once-daily oral steroid-associated glucose excursion could include morning adminis-
tration of basal human insulin. If hyperglycemia is present throughout the day till evening, basal analog insulin could be
considered, and administration of basal insulin in the morning is recommended.18,30 The choice of insulin formulation
and regimen should be based on the pharmacokinetic properties (especially dose and duration of action of the GC being
used) and the pattern of hyperglycemia. For patients on once-daily prednisolone in the morning, hyperglycemia is usually
seen in the noon and evening time. In such cases, the glucose-lowering profile of NPH insulin closely mimics the
hyperglycemia pattern caused by intermediate-acting GC. Hence, NPH administered in the morning is considered a good
choice. In patients who continue to have significant hyperglycemia, mealtime insulin can be added as required. In patients

Box 2 Glycemic Targets (AACE)

● Targets for patients on glucocorticoids in domiciliary care and ward areas: <140 pre-meal and <180 post-meal.

● Target for ICU patients: 140–180 mg/dL (7.8–10.0 mmol/L).
● Hypoglycemia should be avoided.

Table 3 Dose Treatment Regimens and Duration

Dose Effects Prednisolone/day Equivalent Dose (mg)

Low dose <7.5 mg per day (physiological replacement)

Moderate dose 7.5–30 mg per day

High dose 30 mg per day

Very high dose 100 mg per day

Pulse therapy 250 mg per day for one or few days

Duration

Short-term duration (oral corticosteroids) <21 days

Note: Data adapted from Buttgereit et al, 2002.17
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where intermediate-acting GCs are used in multiple divided doses or long-acting GCs are used, hyperglycemia usually
persists over 24 hours. Therefore, a basal-bolus insulin regimen is the preferred choice.28

The dose of insulin should be based on the dose of GC. If the dose of prednisolone (or its equivalent dose of GC) is
10, 20, 30, or 40 mg, then the dose of NPH or basal insulin should be 0.1, 0.2, 0.3, 0.4 U/kg per day, respectively, as
previously reported.5

Management of Patients in Domiciliary Care (Home)
Patients with pre-existing diabetes who are already on oral or injectable therapy can continue the same as long as they
are clinically stable and eating adequately. However, depending on the degree of hyperglycemia, modification of doses
may be required. Metformin, dipeptidyl peptidase-4 (DPP-4) inhibitors, sodium/glucose cotransporter-2 (SGLT2)
inhibitors, pioglitazone, Glucagon-like peptide 1 receptor agonist (GLP1Ra), and existing insulin regimens should be
continued. The dose of sulfonylurea can be increased if needed. Short-acting sulfonylurea or meglitinides can be added
if the patient is not already on sulfonylureas. Other drugs usually take a longer time to act, so they will not help
address acute hyperglycemia. In all such cases, insulin initiation should be considered. In the case of patients who are
not eating reliably, oral antidiabetics should be discontinued, and the patient switched to insulin. The safety and
efficacy of dapagliflozin have been evaluated in the DARE-19 trial, where, in non-critically ill patients hospitalized
with COVID-19, no significant decrease in organ dysfunction or death, or improvement in recovery was observed
compared with the placebo group.31

The British guidelines suggest that in people without a pre-existing diagnosis of diabetes, glucose should be
monitored at least once daily, preferably before lunch or evening meal, or 1–2 hours after lunch or evening meal.

● If initial blood glucose is <216 mg/dL (12 mmol/L), testing should continue once before or following lunch or
evening meal.

● If subsequent blood glucose >216 mg/dL (12 mmol/L), the frequency of testing should be increased to 4 times daily
(before meals and before bed).

● If capillary glucose is consistently >216 mg/dL (12 mmol/L) (ie, on two occasions in 24 hours), the treatment
algorithm for steroid-induced diabetes should be introduced.18

The group of experts agreed that, in OPD, glucose should be monitored before starting and then once or twice weekly
post-lunch. In patients with no prior diabetes, monitoring before starting and daily pre- or post-lunch is recommended. In
patients with prior diabetes, monitoring before starting and four times daily is recommended. The expert group also
agreed that existing or current therapy should be continued in such patients.

The committee recommended initiating 10 units of basal human insulin with a daily dose increase of 10% to 20% to
blood glucose level; however, some individuals may require up to 40% dose increments, as shown in some studies.18,26

Management with Long-Term Use of GCs
Persons on long-term steroid therapy should be monitored regularly and treatment should be given, as discussed. In case
there is a change in dosage of corticosteroids, fluctuation in glucose control should be anticipated and managed
proactively.

Management of Patients in Non-Intensive Care Unit Settings/Wards
The experts recommended initiating basal bolus with correction regimen. In the case of multiple daily doses of
steroids, such as oral or intravenous dexamethasone, methylprednisolone or hydrocortisone or oral prednisolone,
hyperglycemic effects can occur throughout the day. For patients who are clinically stable and eating orally, oral
antidiabetic agents can be continued. For majority patients, subcutaneous insulin with basal or multiple daily injection
regimens under the supervision of health care team is recommended. In case if once-daily insulin is insufficient in
controlling hyperglycemia, twice daily premixed or basal bolus is recommended. Premix is associated with more
hypoglycemia than basal bolus but has the benefit of fewer daily injections and better post prandial glucose control
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than the basal bolus.32–34 For patients on total parenteral nutrition more complex insulin regimen would be required.
Blood glucose monitoring should be carefully monitored along with early interventions to prevent prolonged
symptomatic hyperglycemia.35

If not feasible, initiating a combination of premix and oral therapy, including metformin, with or without short-acting
sulfonylureas, meglitinides, DPP-4 inhibitors, at lunch is recommended. DPP-4 inhibitors inhibit glucagon secretion and
promote insulin secretion, which is considered beneficial for treating GC-induced diabetes, and their use is also suggested
in ICMR guidelines.36,37 Newer medications like GLP1ra can also be considered.35

Management During Pregnancy
Special situations may be encountered in pregnancy when antenatal corticosteroid (ACS) therapy has to be administered.
ACS is recommended for women at risk of pre-term, irrespective of diabetes status, except in the case of medical
conditions that could worsen with corticosteroid therapy. The nature and frequency of monitoring depend on the nature of
diabetes, and medical nutrition is advised for patients receiving ACS regardless of previous glycemic status.
Supplementary insulin could be proactively added for a minimal negative effect of hyperglycemia on mother and
fetus. However, the therapy should be individualized for better management.38

Management of Patients in Intensive Care Unit
Oral non-insulin therapies might not be effective to achieve glucose control in acutely unwell hospital inpatients having
significant hyperglycemia; in such cases, variable rate intravenous insulin infusion (VRIII) could be temporarily used but
under the supervision of diabetes inpatient team.18 Patients on insulin infusion can be transitioned to subcutaneous
insulin once stable. The approach should be to use a basal-bolus regimen with additional correction doses of insulin to be
added to correct residual hyperglycemia. The sliding scale approach of insulin is retroactive and does not perform as well
as the basal-bolus approach. A combination of basal insulin and correction insulin reportedly helps achieve a mean
glucose value of 160 mg/dL (8.9 mmol/L). Similar results have been reported in another study that randomized patient
group to receive only SSI; however, for 48% of patients, glycemic target could be achieved by the addition of
intermediate-acting insulin.24,39 If not feasible, basal supported correction dose was recommended by the experts
(Table 4).

Table 4 Management of Glucocorticoid-Induced Hyperglycemia

Patient Clinical Status Management

Patients with pre-existing DM who are stable with no

metabolic or medical compromise

● Monitor regularly

● Continue existing therapy

● Increase insulin dose by 20%
● Increase dose/add sulfonylurea for post prandial control

● Meglitinides for post-lunch control

● Sulfonylurea and meglitinides should not be used together
● Alpha glucose inhibitors for post prandial control

● Metformin, pioglitazone, DPP-4 inhibitors and SGLT2 inhibitors as well as GLP1Ra can

be continued as such unless there is clinical deterioration or patient is not eating well

Patients in Non-ICU/Ward ● Begin basal bolus with correction regimen

● If not feasible, begin premix with an oral (metformin, +/- short acting sulfonylureas/
meglitinides/DPP-4 inhibitors) at lunch

Patients in ICU ● Intravenous insulin
● If not feasible, basal-supported correction bolus dose

https://doi.org/10.2147/DMSO.S330253

DovePress

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:151584

Shah et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Transition Care
Patient education and staff training and hospital protocols for prevention, early detection, and prompt management of
hypoglycemia are a must. The expert team recommended that, when a patient is discharged from the hospital on steroid
therapy, proper education should be given regarding diabetes management, lifestyle, hyper- and hypoglycemia-associated
risks, and the importance of blood glucose monitoring and the need to check blood glucose in the late afternoon or
evening.18 Patients should be empowered to proactively adjust their insulin dose.

Patient empowerment should focus on nutrition, monitoring, insulin injection technique and storage, how to interpret
BG values, insulin self-titration (eg, insulin sliding scale and titration scheme), prevention of hypoglycemia, warning
symptoms and signs of hypoglycemia and how to correct hypoglycemia, and need for frequent contact (tele or otherwise)
with the diabetes care team.

If steroids have been used for a shorter time, tapering is not required. Importantly, glucovigilance is recommended as
the steroids get tapered, and insulin dosage should be proactively adjusted to avoid hypoglycemia.24 Blood glucose
should be continuously monitored after steroid therapy and corresponding blood-glucose-lowering medication have been
stopped, as returning to pre-steroid therapy blood-glucose levels is anticipated. HbA1c test 3 months post steroid therapy
is recommended to check diabetes status.10 In some cases, retinopathy and other microvascular complications can occur
even after normoglycemia is achieved; therefore, diabetes-related complications should be screened.40

Patients with hyperglycemia, who have been on steroid therapy, should be regularly monitored post-discharge to
assess the status of the original disease for which steroids were given and also to assess if there is any long-term impact
of steroids. This is especially important for persons who have had a significant medical illness and in those who have
received a high dose of steroids for a relatively longer duration, such as patients with connective tissue disorders or after
organ transplantation. Patients with diabetes taking oral glucose-lowering agents at the time of admission could follow
the same medications on discharge, but with regular follow-up. DPP-4 inhibitors, including low-cost gliptins such as
vildagliptin, are a safe option and associated with improved clinical outcomes in COVID-19 infected patients and
decreased length of hospital stay.41,42 DPP-4 inhibitors decrease glycemic variability in patients with GC-induced
diabetes and have shown significant improvements in post-prandial glucose levels after lunch and supper, as well as
glycemic profiles, determined by CGM. In patients with GC-induced diabetes, DPP-4 inhibitors can minimize the risk of
hypoglycemia.36 DPP-4 inhibitors could be safe and effective antidiabetic drugs for GC-induced diabetes. In patients
with T2DM, DPP-4 inhibitors have shown higher improvement in glucose metabolism with less adverse events compared
with metformin.43 Similarly, another study by Filozof et al has also reported DPP-4 inhibitors to be safe and effective for
GC-induced diabetes.44 Once-daily pioglitazone could be appropriate for managing steroid-induced hyperglycemia
provided there are no contraindications, such as fluid retention and heart failure. The role of GLP1Ra is unclear, but
these could have a potential role in managing diabetes.45

The Joint British Diabetes Societies for inpatient care recommend that in patients without a previous diagnosis of
diabetes before steroid use, hyperglycemia treatment should be titrated based on the decrease in steroid dose. Not all
patients would need insulin and if the glycemic levels are not very high, initiating an OHS like DPP-4 inhibitor can be an
option.43 For example, a weekly 5 mg reduction of prednisolone from 20 mg may require a 20–25% reduction in insulin
dose, or a 40 mg reduction in gliclazide.18 In the case where GC treatment is stopped in the hospital, and hyperglycemia
is resolved, post-discharge CBG could be discontinued. However, if GC treatment is stopped before discharge and
hyperglycemia persists, then monitoring should be continued until normal glycemia is achieved or diabetes-specific test is
undertaken (FBG, oral glucose tolerance test [OGTT], or HBA1c). Patients who do not have diabetes before steroid use
should continue getting SMBG done until all glucose lowering therapy is stopped. Post that HbA1c should be done 3
monthly till normal and then annually. Annual testing should preferably include OGTT (if not, HbA1c and postprandial)
as some patients may not have fasting hyperglycemia. Patients should also be advised to report if there are any osmotic
symptoms. Patients with diabetes before steroid use should follow the Standard of Care.
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Summary: Rational Pharmacotherapy
The expert group concluded that we should be proactive in terms of diagnosis, management, and post-steroid care.
Insulin should be selected based on the steroid’s duration of action and frequency of administration, and the type of
steroid and type of insulin should match. Replacement doses can lead to least amount of hyperglycemia; however,
hyperglycemia can be marked in moderate to high doses. Fasting blood glucose could be misleading and normal even if
there is significant hyperglycemia throughout the day. Key factors such as disease severity, underlying indication for GC
use, as well as type, dose potency, and duration of GC used should be considered for hyperglycemia management. For
ICU patients with persistent hyperglycemia, insulin therapy should be initiated at a maximum threshold of 180 mg/dL
(10.0 mmol/L). After initiating insulin therapy, for most ICU patients, glucose range between 140 and 180 mg/dL (7.8–
10.0 mmol/L) is recommended. Intravenous insulin infusions are advised for glycemic control in ICU patients, although
care should be taken to follow validated protocols that have demonstrated safety and efficacy, and have low rates of
hypoglycemia. Frequent glucose monitoring is recommended with IV insulin to minimal hypoglycemia chances and for
optimal glucose control.

For majority of the insulin-treated non-ICU patients, premeal BG should be <140 mg/dL (<7.8 mmol/L) along with
random BG values <180 mg/dL (<10.0 mmol/L), if these can be safely achieved. In stable patients, more stringent
glycemic targets could be appropriate, whereas for patients with comorbidities or terminally ill patients, less stringent
targets could be more appropriate. Glucose control can be best achieved and maintained by scheduled subcutaneous
administration of insulin, along with basal, nutritional, and correction components. Continuing only SSI therapy is not
recommended. For most hospitalized patients, who require therapy for hyperglycemia, non-insulin anti-hyperglycemic
agents are not appropriate. Glucovigilance is required as the steroids taper during transition, and insulin dosage should be
reduced subsequently.24

Abbreviations
GCs, glucocorticoids; DM, diabetes mellitus; CBG, capillary blood glucose; ICU, intensive care unit; GLP1Ra,
Glucagon-like peptide 1 receptor agonist; DPP-4, dipeptidyl peptidase-4; SGTL2, sodium/glucose cotransporter-2;
ACS, antenatal corticosteroid; VRIII, variable rate intravenous insulin infusion; FBG, fasting blood glucose; OGTT,
oral glucose tolerance test; HBA1c, glycosylated hemoglobin; OAD, oral antihyperglycemic drug.
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