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Glucocorticoids and Diabetes ?Issues

• Is it a problem?

• How to control hyperglycaemia 

associated with glucocorticoid use?



A Bit Of Background

• At any one time, ~0.75% of the UK population is on oral 
glucocorticoids (0.2% in 20-29 year olds, 2.5% in 70-79 year olds)

• 40% of glucocorticoid use is for respiratory disease, with most of the 
rest being musculoskeletal and cutaneous diseases and conditions 
requiring immunosuppression

• Most use is for <5 days, but 22% is for > 6 months and 4.3% for > 5 
years

Royal College of Physicians Glucocorticoid guidelines 2002

Fardet L et al Rheumatology 2011;50(11):1982-1990



• Between 10th February 2021 and 10th September 2021

• 3260 inpatients received oral or IV corticosteroids 

• 964 (30%) adult inpatients on Oral/IV steroids with blood 

glucose measurements

IV = Intravenous

NNUH Audit

Limbachia V et al Clin Med 2024 ;24(6):100249
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CBG = Capillary Blood Glucose 

Study Drugs
Mean Difference, mmol/L 95% CI P

Dexamethasone vs 

hydrocortisone
0.92 0.45 to 1.38 0.0007

Dexamethasone vs 

prednisolone
1.11 0.79 to 1.43 <0.0001

Dexamethasone vs 

methylprednisolone
–0.41 –1.02 to 0.21 0.7216

Hydrocortisone

vs prednisolone
0.20 –0.22 to 0.61 0.9283

Hydrocortisone

vs methylprednisolone
–1.33 –2.02 to –0.63 0.0011

Methylprednisolone vs 

prednisolone
1.52 0.91 to 2.13 <0.0001

Mean differences in blood glucose concentrations of different steroid 

classes with 95% confidence interval across seven days

Limbachia V et al Clin Med 2024 ;24(6):100249
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30% had capillary blood glucose 
monitoring

Dexamethasone or methylprednisolone 
use was associated with greater 

hyperglycaemia

Dexamethasone or methylprednisolone 
require more vigorous glucose 

monitoring 

Limbachia V et al Clin Med 2024 ;24(6):100249



How do Glucocorticoids Affect 

Carbohydrate Metabolism?

Barker HL et al , Diabetes Ther 2023 14, 937–945
Geer EB et al Endocrinol Metab Clin North Am 2014;43(1):75-102



• They promote visceral adipose tissue deposition

• Enhance lipolysis

• Alter levels of adipose tissue derived hormones and cytokines

• Acutely increases hepatic glucose production

• Complex effects on β-cell function  

How do Glucocorticoids Affect 

Carbohydrate Metabolism?



How do Glucocorticoids Affect Carbohydrate 

Metabolism?

• In the longer term induces insulin resistance 

– Diminished ability of insulin to initiate intracellular signalling mechanisms - in 

the liver, adipose, muscle

• Inhibits glucose uptake into muscle and reduced oxidative 

phosphorylation

• Induction of hyperinsulinaemia, dyslipidaemia and the metabolic 

syndrome
Saltiel AR et al Nature 2001;414:799-806

Hollingdal M et al Diabetologia 2002;45:49-55
Boyle PJ Diabetes Reviews 1993;1:301

Lambillotte C et al J Clin Invest 1997;99:414-423
Petersons CJ et al Diabetes Care 2013;36:2822-2829 



Inhibition of Glucose Uptake

• Starts very early after glucocorticoid ingestion

• In (previously well controlled) inpatients the earliest manifestation of 

this is postprandial hyperglycaemia

Schacke H et al Pharmacol Ther 2002;96:23-43
Dimitriadis G et al Biochem J 1997;321:707–712

Petersons CJ et al Diabetes Care 2013;36:2822-2829 



Spectrum of Disease

• The hyperglycaemia may be a transient rise of blood glucose levels or 

may result in HHS

• The best predictors of glucocorticoid-induced diabetes are family 

history of diabetes, increasing age, and glucocorticoid dose 

Clement S Diabetes Care 2004;27(2):553-591



Back to Oral Steroids

• A 52 year old lady who had a liver transplant for antibiotic induced 

acute liver failure 1 month previously was on 30mg prednisolone 

as part of her immunosuppressive regimen. The dose had 

recently been reduced to 20mg

• Her HbA1c was 50mmol/mol



Her Glucose Meter Download



You May Have Seen This

Lancet 2015;385:1511-1518

785



Some Evidence of Harm

• 433 patients admitted with an exacerbation of COPD from St 

George’s in Tooting in 01/02

• Absolute risk of adverse outcomes (death or prolonged stay) 

increased ~15% per 1 mmol/L increase in glucose

Glucose 

level 

(mmol/L)

<6.0 6.0 - 6.9 7.0 - 8.9 >9.0

Mortality 

(%) 11.6 15.9 21.3 31.0

Baker EH et al Thorax 2006;61(4):284-289

Chakrabarti B Thorax 2009;64(10):857-862



PDD: Previous Diagnosis of Diabetes Limbachia V et al Clin Therapeutics 2024;46(2):e59-63



Now We Know the Cause, What’s the Treatment?

• Education and pre-empting the (almost) inevitable

• Letting teams know that when someone starts glucocorticoid 

treatment that blood glucose levels are very likely to rise and to watch 

for it

• When it happens, treat early

This is likely to meet with quite a lot of resistance – so be 

prepared!



Apart From That, What’s the Treatment?

• There is work to shown that the hyperglycaemia associated with long 

term glucocorticoid use is amenable to treatment with glitazones 

• There is a complex interaction between glucocorticoids and PPAR 

signalling pathways – these are the therapeutic targets for the 

glitazones

Willi SM et al Diabetes Res & Clin Pract 2002;58(2):87-96



But…..

• They work very slowly – so may have been useful in an outpatient 

setting

• Several controversies abound regarding the use of glitazones, thus 

their use is declining

– Increased CV death rates

– Increased fracture rates

– Increased rates of macular oedema

– Bladder cancer
Nissen SE NEJM 2007;356(24):2457-2471

Loke YK et al CMAJ  2009;180(1):32-39
Ryan EH et al Retina 2006; 26(5):562-70

Ferwana M et al Diabetic Med 2013;30(9):1026-1032



Sulphonylureas

• Little published evidence but widely used

• We asked for examples of guidelines used at different hospitals –

and we got lots!

• All variations around a theme with some minor differences

• Most often used first line



Don’t Incretins Prevent Postprandial 

Hyperglycaemia?

• They do, but GLP-1 use is limited by 

– Little experience in this setting

– It makes people who are already unwell feel nauseated

– Not appropriate for people who are NBM (??)

– Safety concerns

• There are limited published data on the use of DPP-IV antagonists 

in this situation 

– e.g. Umpierrez using sitagliptin in 90 hospitalised patients

Umpierrez GE et al Diabetes Care 2013;36(11):3430-3435



The Best Treatment?

• Insulin is recommended in the US as the drug of choice for the 

treatment of glucocorticoid-induced hyperglycaemia

• Theoretically, prandial insulin should minimise the effects of the 

postprandial rise in glucose 

• For patients receiving high-dose intravenous glucocorticoids, an 

intravenous insulin infusion may be appropriate 

Hirsch IB et al Endocr Metab Clin North Am 1997;26:631–645



No Surprises There Then

• The dose needed is difficult to predict

• Intravenous infusions tend to achieve acceptable blood glucose 
concentrations quicker than MDI

• In hospital, an insulin infusion allows appropriate tapering of insulin 
infusion rates 
– Glycaemic control is not compromised 

– Hypoglycaemic risks can be minimised – especially with pulsed high dose 
glucocorticoids



What About Subcutaneous Insulin? 

• Clearly iv insulin is not the answer for outpatients

• Subcutaneous insulin needs higher prandial doses than basal

• No work has been done to compare human with analogue insulin



Where’s the Evidence?

• Naturally, there isn’t any

• But there is evidence that hyperglycaemia in a hospital setting (for 
any cause) is associated with poor mortality, morbidity, and health 
economic outcomes 

• Improving glycaemic control improves these outcomes

Umpierrez GE et al  J Clin Endocrinol Metab 2002; 87:978–982
Bruno A et al Diabetes Care 2008;31(11):2209-2210

Dhatariya K BMJ 2013;346:f134



What Should the Targets Be?

• Targets similar to those of outpatients are unrealistic in hospital due 

to the effects of

– Stress hyperglycaemia

– Altered nutritional intake

– Multiple interruptions to medical care

• Aiming for a range of 6.0 – 10.0 mmol/L with an acceptable range of 

4.0 – 12.0 mmol/L if they can be safely achieved 

• For end-of-life care, a range of 6.0 – 15.0 mmol/L is acceptable



Roberts A et al Diabetic Medicine 2018;35(8):1011-1017





Patients

Patient who entered the operating theatres between 12th -18th August 2013

n = 848

Patients included 
in analysis

n = 355

Patients excluded for non - general 
anaesthetic procedures

n = 475

Patients under general 
anaesthetic

n = 373
Patients excluded for 

missing or incomplete data

n = 18

Sudlow A et al Practical Diabetes 2017;34(4):117-121



Specialties

Surgical speciality Total number of cases Number given dex (%) Mean dose of dex (mg) (±SD)

General 91 66 7.1 (1.5)

Gynaecology 54 27 7.4 (1.0)

ENT 11 8 8.0 (0)

Vascular 20 9 7.1 (1.3)

Ortho 95 60 7.3 (1.4)

Dental 7 7 6.2 (2.3)

Urology 36 24 6.8 (1.8)

Thoracic 6 5 7.2 (0.8)

Paediatric 20 18 3.0 (1.5)

Plastics 11 10 6.9 (1.7)

Cardio 4 0 0 (0)

Totals 355 234 (66)



Pre-operatively

• Only 14 of the 24 patients known to have diabetes had a pre-

operative glucose level measured

• Only 15 of the 24 had a pre-operative HbA1c available within 3 

months

– 1 person who did not have diabetes had an HbA1c measured

• 11 patients were already on long term glucocorticoid therapy 

Sudlow A et al Practical Diabetes 2017;34(4):117-121



Post-operatively

• Only 16 people (4.5%) had their blood glucose levels checked 

during the 24 hours post operatively

– All of these patients had diabetes. 

– 2 patients who had diabetes and who were given dexamethasone did not 

have a glucose level measured

– 8 patients with diabetes did not have a post-operative glucose level 

measured

Sudlow A et al Practical Diabetes 2017;34(4):117-121



One of My Favourite Subjects

Dexamethasone



Why?

• Possibly because a few years I wrote this…

Dhatariya K BJA 2013;110(5):674-675



Which Was Discredited by This 

Corcoran TB et al NEJM 2021;384(18):1731-1781

Or was it?



It Works!

• RR 0.48 for reducing PONV
– 0.56 for ondansetron

– 0.67 for cyclazine

– 0.62 for droperidol 

• Effect is additive when given with other anti-emetics 

– and it is long acting

• Post-operative pain & swelling = earlier discharge
Carlisle J et al Cochrane Database. http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD004125.pub2/pdf. 

Henzi I et al Anesthesia and Analgesia 2000;90(1):186-194
Kakodkar PS Anaesthesia 2013;68(9):889-891



But There May be Problems

• It may impair haemostasis and wound healing

• It is associated with psychological disturbance

• The hypothalamic – pituitary – adrenal axis may 

be affected for up to a week (it is a very long half 

life drug) 

• It causes a rise in blood glucose



p = ns

Glucose
Diabetes / hyperglycaemia



Back to Corcoran

Corcoran TB et al NEJM 2021;384(18):1731-1781



So Perhaps This Result is Unsurprising

• They had good pre-op glycaemic control

• They were (probably) being attended to more often

Corcoran TB et al NEJM 2021;384(18):1731-1781



Have I Been Maliciously Maligning 

Dexamethasone Unnecessarily?



2018 Cochrane Review – Wound Infection

Favours 

dexamethasone

Favours placebo

Single dose

Multiple doses

Total

Polderman et al Cochrane Database of Systematic Reviews 10.1002/14651858.CD011940.pub3



2018 Cochrane Review – Wound Healing

Polderman et al Cochrane Database of Systematic Reviews 10.1002/14651858.CD011940.pub3

Favours 

dexamethasone

Favours 

placebo



2018 Cochrane Review – Glucose (1)

Polderman et al Cochrane Database of Systematic Reviews 10.1002/14651858.CD011940.pub3



2018 Cochrane Review – Glucose (2)

Polderman et al Cochrane Database of Systematic Reviews 10.1002/14651858.CD011940.pub3



2018 Cochrane Review – Glucose (3)

Polderman et al Cochrane Database of Systematic Reviews 10.1002/14651858.CD011940.pub3



So Is Dexamethasone Safe?

• I’d still argue not necessarily

Polderman et al Cochrane Database of Systematic Reviews 10.1002/14651858.CD011940.pub3



I’d Argue The Wrong Question Was Asked

• What they asked was “is dexamethasone use is 

associated with harm?”

• What they should have asked was “is dexamethasone 

induced hyperglycaemia associated with harm”

• I’d also suggest that sample sizes have been too small to 

get a definitive answer



A Quote to Sum it Up

• If an inpatient is on glucocorticoids… “the design of insulin 

therapy depends on the timing of the glucocorticoids and 

challenges the creativity of the caregiver” 

Thompson CL et al Diabetes Spectrum 2005; 18:20-27
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