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• Exposure to corticosteroids is recognized to increase the risk of developing type 2 diabetes 
mellitus (T2DM).1–5

• Steroid-induced diabetes is an abnormal increase in mean blood glucose associated with 
the use of corticosteroids in a patient with or without a history of diabetes.6 Multiple 
observational and retrospective data sets suggest an 18–52% incidence of steroid-induced 
diabetes in patients receiving corticosteroid therapy.7,8

• Corticosteroids have effects on beta-cell function and can increase insulin resistance via 
effects on insulin receptors in liver, muscle, and adipose tissue.6

– Weight gain following steroid exposure persists, along with associated hypertension, 
an abnormal lipid profile, and an overall increase in the lifetime risk of developing 
T2DM.9

Objective

• To determine the risk of developing T2DM (and its correlates) in non-diabetic adults 
exposed to systemic corticosteroids.

1. Rice JB et al. Clin Ther 2017;39:2216–29. 2. Saeed MI et al. Diabetes Obes Metab 2020;22:1348–56. 3. Andersen YMF et al. Diabetes Care 2019;42:1095–103. 4. Pilkey J et al. J 
Palliat Med 2012;15:681–89. 5. Blackburn D et al. J Gen Intern Med 2002;17:717–20. 6. Hwang JL, Weiss RE. Diabetes Metab Res Rev 2014;30:96–102. 7. Donihi AC et al. Endocr
Pract 2006;12:358–62. 8. Liu XX et al. Ann Nutr Metab 2014;65:324–32. 9. Verhaegen AA, Van Gaal LF. Curr Obes Rep 2021;10:1–13.



Methods
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CPRD GOLD

• This observational study used UK data from the Clinical Practice Research Datalink 
(CPRD) GOLD to evaluate the short-term absolute risk of T2DM among adult patients 
(registered in CPRD GOLD ≥ 365 days before index) over the course of their first 
continuous exposure to systemic corticosteroids.

• CPRD GOLD is a primary care database that collates anonymized, longitudinal, primary 
care records of the UK population registered with a participating general practice.10,11

Study population 

• Adult patients with an episode of systemic corticosteroid exposure for any condition and no 
previous record of T2DM or its treatment. 

• Each exposed patient was matched to a non-exposed patient without T2DM, based on 
general practice, sex, age, Charlson comorbidity index (CCI) score in the previous 12 
months, and age–sex-adjusted quintile of number of general practitioner contacts in the 
previous 12 months.

10. Herrett E et al. Int J Epidemiol 2015;44:827–36. 11. Clinical Practice Research Datalink. Available from: https://www.cprd.com/ (Accessed May 2021).



Study design
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• This observational, retrospective cohort study compared the incidence of diagnosis of T2DM between those who
received systemic (oral or intravenous) corticosteroids and those who did not.

• The study aimed to provide estimates of the difference, if any, in the risks associated with being treated with
corticosteroids and the likelihood of developing T2DM.

• Patients were followed up for a single corticosteroid exposure episode (from date of first prescription for a
corticosteroid [index date] until 90 days after treatment cessation, for max. 3 years).

*End of follow-up defined as the earliest of the end of OIVCS exposure + 90 days, end of study follow-up, diabetes diagnosis or 3 years following first OIVCS prescription date (index 
date). 
BMI, body mass index; OIVCS, oral or intravenous corticosteroid; UTS, up to standard. 



Methods
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Outcomes

• A diagnosis of T2DM (by Read Codes) within a maximum of 3 years after first 
corticosteroid exposure.

Endpoints

• Absolute risk for T2DM were calculated according to:

 tertiles of age: 18–42 years, 43–67 years, 68–92 years 

 body mass index (BMI): underweight (< 18.5 kg/m2), normal or healthy weight (18.5–
24.9 kg/m2), overweight (25.0–29.9 kg/m2), obese (≥ 30.0 kg/m2)

 Sex: female, male

Statistical tests

• Mid-p exact test was used to determine absolute rate of T2DM between steroid-exposed 
and non-exposed groups.



Patient disposition
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• Of 21 038 792 patients in CPRD GOLD (January 2020 build), 536 852 exposed patients 
were matched 1:1 to non-exposed patients.

All patients in CPRD GOLD, N = 21 038 792. Numbers in brackets are excluded records.
*Indicating whether the patient data record has met certain quality standards applied by CPRD GOLD. †The up-to-standard date denotes the date from which the practice data are 
deemed to be of research quality; it is derived using a CPRD GOLD algorithm that incorporates practice death recording and data gaps. ‡Index date defined as date of patient’s first 
ever oral or intravenous corticosteroid prescription. §End of CPRD GOLD follow-up defined as earliest of transfer out of practice, death or last data-collection date. 
CPRD, Clinical Practice Research Datalink; IV, intravenous.



Baseline characteristics
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• Exposed and non-exposed patients were well 
matched by age, sex, BMI, and medical 
history.

• Among exposed patients, the mean and 
median days’ corticosteroid supply were 50.9 
and 13 days, respectively.

CCI, Charlson comorbidity index; MACE, major adverse cardiovascular event; SD, standard deviation.

Exposed patients 
(n = 536 852)

Non-exposed patients 
(n = 536 852)

Age, years, mean (SD) 51.58 (17.52) 51.58 (17.52)

Sex, male, n (%) 217 819 (41%) 217 819 (41%)

Smoking, n (%)
Never
Ever
Prior

252 488 (47%)
143 775 (27%)
140 589 (26%)

292 679 (55%)
133 777 (25%)
110 396 (21%)

Body mass index, kg/m2, n (%)
Normal weight
Underweight
Overweight
Obese 
Missing data 

163 907 (31%)
10 665 (2.0%)
155 617 (29%)
120 031 (22%)
86 632 (16%)

177 544 (33%)
9443 (1.8%)

156 051 (29%)
100 203 (19%)
93 611 (17%)

CCI score, mean (SD) 0.62 (0.82) 0.62 (0.82)

Selected medical history, n (%) 
MACE prior to current episode
Myocardial infarction
Heart failure
Hypertension
Respiratory disease
Cancer 

15 705 (2.9%)
8201 (1.5%)
6049 (1.1%)

106 064 (20%)
175 379 (33%)
35 019 (6.5%)

30 442 (5.7%)
15 476 (2.9%)
8141 (1.5%)

117 577 (22%)
119 922 (22%)
39 127 (7.3%)



Incidence of T2DM in corticosteroid-
exposed vs non-exposed males
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Incidence of T2DM in corticosteroid-
exposed vs non-exposed females

* p < 0.005; ** p < 0.001; *** p < 0.0001. BMI, body mass index; T2DM, type 2 diabetes mellitus. 
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Limitations

• Precise corticosteroid use is difficult to estimate. Dosing instructions are not consistently recorded 
in the data set, and intervals for corticosteroid dosing and time off corticosteroids may not be 
recorded. Patient adherence rates are unknown and are likely to be highly variable.

Conclusions

• Exposure to corticosteroids increases the risk of developing T2DM in non-diabetic adults, and this 
large observational study identified significant differences in risk in relation to age, sex, and BMI.

• The patient group that had the highest baseline risk for T2DM (overweight and aged 68–92 years) 
were also the people most likely to develop steroid-induced diabetes in the study, suggesting the 
need for cautious use of corticosteroids in this patient group.

• The results, based on the large, diverse, and representative CPRD GOLD, are generalizable to 
other populations.

• Prevention of T2DM should be considered in all at-risk patients who receive systemic 
corticosteroids.
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