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Background: Corticosteroids raise blood glucose concentrations; however, it remains unknown which form of 

administration, oral or intravenous, is associated with the greatest degree of blood glucose rise in hospitalised 

patients. Furthermore, it is not known whether the pattern of the associated hyperglycaemia throughout the day 

differs depending on the route of administration. 

Methods: This was a single centre retrospective study of 384 adult inpatients receiving oral or intravenous hy- 

drocortisone and dexamethasone. Data on capillary glucose concentrations and time taken over 7 days were 

collected. A mixed model for repeated measures was applied to compare changes in glucose concentration over 

time for oral and intravenous corticosteroids. An auto-regressive covariance structure was employed to model 

correlations between repeated measurements. This was adjusted for age, sex, pre-admission diabetes, and/or 

pre-admission corticosteroid status. 

Results: No significant difference was found between oral and intravenous hydrocortisone on day 1 or across all 

7 days (mean difference 0.17 mmol/L (− 1.39, 1.75), p = 0.827, and mean difference 0.20 mmol/L (− 0.61, 1.01), 

p = 0.639 respectively). There were no differences in mean glucose concentrations between those on oral or 

intravenous dexamethasone on day 1 or across all 7 days (mean difference 0.41 mmol/L (− 0.55, 1.38), p = 0.404 

and mean difference − 0.09 mmol/L (− 1.05,0.87), p = 0.855, respectively). 

Conclusion: This study found that oral and intravenous administration of hydrocortisone and dexamethasone 

do not have a significantly differing impact on blood glucose levels. Capillary glucose monitoring is strongly 

recommended in all individuals who are on either oral or intravenous corticosteroids. 
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Corticosteroids are a widely used medication, with uses ranging from

eplacement for adrenal insufficiency to supraphysiological doses used

n a variety of specialties for their anti-inflammatory and immuno-

uppressive effects. 1 The indication of corticosteroids has further in-

reased as the RECOVERY (Dexamethasone in Hospitalised Patients with

OVID-19) trial recommended the use of corticosteroids in patients with

OVID-19 requiring oxygen. 2 The prevalence has been reported to be

round 0.7% of the general population at any time, and one study

howed that over 12% of adult inpatients in secondary care may be

n corticosteroids and another showed that 20% of adults may be pre-

cribed short course of steroids during a 3-year period. 3-5 
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The administration of corticosteroids for their undoubted therapeu-

ic benefits needs to be balanced with their extensive side effects pro-

le. This includes steroid-induced hyperglycaemia and steroid-induced

iabetes. 6 Steroid-induced hyperglycaemia refers to hyperglycaemia in

eople with a pre-existing diagnosis of diabetes, and steroid-induced

iabetes refers to hyperglycaemia in people without a known diagno-

is of diabetes. 7 This is thought to occur due to increased production

f glucose from the liver, reduced uptake of glucose from muscle and

dipose, increased insulin resistance, and perhaps even reduced beta

ell function. 8-10 Previous data from our group have shown that dexam-

thasone and methylprednisolone are more likely to produce a greater

xtent of glucose rise than prednisolone and hydrocortisone, perhaps

ue to their greater potency and half-life. 11 Hyperglycaemia, including
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Table 1 

Baseline characteristics of the adult inpatients on oral and intravenous corticosteroids who had blood glucose monitoring on day one. Data are given as number 

(%) of patients unless otherwise specified. 

Oral hydrocortisone 

n = 27 

Intravenous hydrocortisone 

n = 87 

Oral dexamethasone 

n = 188 

Intravenous dexamethasone 

n = 82 

Age, mean (SD) 61.6 (16.8) 68.1 (18.8) 70.1 (13.7) 63.6 (18.1) 

Male 12 (44.4) 47 (54.0) 103 (54.8) 45 (54.9) 

Female 15 (55.6) 40 (46.0) 85 (45.2) 37 (45.1) 

Previous diagnosis of diabetes 10 (37.0) 42 (48.3) 68 (36.2) 22 (26.8) 

Steroids before admission 22 (81.5) 32 (36.8) 48 (25.5) 6 (7.3) 

Table 2 

Mean differences in blood glucose concentrations of oral and intravenous (IV) hydrocortisone with 95% 

confidence interval on day 1 and all 7 days. 

Oral mean (mmol/L) IV mean (mmol/L) Mean difference 95% CI p value 

Day 1 8.92 8.75 0.17 (− 1.39, 1.75) 0.827 

Across 7 days 8.40 8.20 0.20 (− 0.61, 1.01) 0.639 
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hat from corticosteroids, can cause complications of increased hospital

ttendance, prolonged hospital stay, increased morbidity and increased

ortality. 6 , 12 In the UK, the Joint British Diabetes Societies for Inpatient

are (JBDS) have created national guidelines that recommend moni-

oring of capillary blood glucose for all adults on oral or intravenous

orticosteroids. 7 

It is known that administration of intravenous corticosteroids results

n a quicker rise in blood glucose concentration than administration of

ral corticosteroids, which produce a rise over 4–8 h. 7 However, the

urrent evidence base does not demonstrate whether there is a difference

n the extent of hyperglycaemia that intravenous corticosteroids may

roduce compared with oral corticosteroids. This is important to know

o ensure that monitoring for hyperglycaemia is comprehensive and/or

o suggest whether alternative corticosteroid administrations should be

rescribed. Furthermore, these data could be used to inform guidelines,

hich currently do not differentiate recommendations between oral and

ntravenous corticosteroids. 

A retrospective study was conducted on adult inpatients on oral or

ntravenous corticosteroids to investigate the following: is there a dif-

erential effect of oral versus intravenous corticosteroids on capillary

lucose concentrations in adult inpatients? And is there a difference in

he pattern of hyperglycaemia at each point of the day with each route

f administration of the corticosteroid? 

aterials and methods 

This was a single centre retrospective study that was conducted at

orfolk and Norwich University Hospitals NHS Foundation Trust (Nor-

ich, UK). Using an electronic medicine-prescribing and -administration

ystem, all adult inpatients receiving oral or intravenous hydrocortisone

nd dexamethasone were identified between 10 February 2021 and 10

eptember 2021. Of the people identified, those with capillary glucose

onitoring were included in this study. Individuals under 18 years of

ge, outpatients, those in the emergency department or with no cap-

llary glucose monitoring, and people with corticosteroid administra-

ion by routes other than oral or intravenous were excluded. Data col-

ected included: age and sex; pre-existing diabetes status; pre-admission

orticosteroid use status; type, total daily dose, and route of adminis-

ration of corticosteroid; capillary blood glucose concentrations; and

imes of glucose measurements. These data were collected from the

rst corticosteroid administration up to 7 consecutive days. This study

as registered with the Clinical Audit and Improvement Department

t the Norfolk and Norwich University Hospitals NHS Foundation Trust

registration DIAB_TW_23–24_P04). This study was considered a service-

mprovement exercise; therefore, no ethics approval was required. 
2

tatistical analysis 

The effects of oral and intravenous hydrocortisone and dexametha-

one were compared using data from day 1 and across all 7 days. The

ean of the capillary glucose concentrations measured during 4-h seg-

ents was calculated, resulting in up to six glucose measurements, and,

ver the 7 days, up to 42 glucose measurements. To compare changes in

lucose concentration over time for oral and intravenous corticosteroids,

 mixed model for repeated measures was applied. An auto-regressive

ovariance structure was employed to model correlations between re-

eated measurements. The repeated-measures model was adjusted for

ge, sex, pre-admission diabetes and/or pre-admission corticosteroids

tatus. Data from days where no capillary blood glucose monitoring took

lace were excluded from the analysis. 

esults 

During the data collection period, 384 patients met the criteria to

e included in the study. The number of blood glucose readings on day

 ranged from one to 24. On day 1, 30% of patients ( n = 114) were

eceiving hydrocortisone, of whom 23.7% ( n = 27) were being given

ral hydrocortisone and 76.3% ( n = 87) were given it intravenously

IV). The remaining 70% ( n = 270) received dexamethasone, of whom

9.7% ( n = 188) were given it orally and 30.3% ( n = 82) were given

t IV. Of the patients who had hydrocortisone administered on day 1,

4% ( n = 16) had a course that lasted 7 days, 75% ( n = 12) of whom

ere on oral administration and 25% ( n = 4) of whom were on IV ad-

inistration. Of the patients who had dexamethasone administered on

ay 1, 29.3% ( n = 79) had a course that lasted 7 days, 84.8% ( n = 67)

f whom were on oral dexamethasone and 15.2% ( n = 12) of whom

ere on IV dexamethasone. The median (interquartile range, IQR) total

aily doses of the corticosteroids administered over the course of the

 days were: oral hydrocortisone, 32.1 mg (25.0–40.7 mg); intravenous

ydrocortisone 150.0 mg (92.9–171.4 mg); oral dexamethasone, 6.0 mg

6.0–12.0 mg); and intravenous dexamethasone, 6.9 mg (6.0–8.0 mg).

able 1 shows summary of baseline characteristics. 

ral versus intravenous hydrocortisone 

Table 2 shows that the adjusted mean capillary glucose concentra-

ions on day 1 and across all 7 days between those administered oral

ydrocortisone compared to intravenous hydrocortisone did not show

 statistically significant difference. Patients with a previous diagnosis

f diabetes had a greater mean blood glucose on day 1 and across all 7

ays ( p ≤ 0.001). There was no difference in mean blood glucose levels

or patients who were on corticosteroids before admission, compared

ith those who were not. 
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Fig. 1. Mean (95% CI) blood glucose concentrations (in 

mmol/L), as measured every 4 h on day 1 of treatment with 

oral and intravenous hydrocortisone. 

Fig. 2. Mean (95% CI) blood glucose concentrations (in 

mmol/L), as measured every 4 h across 7 days of treatment 

with oral and intravenous hydrocortisone. 
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Fig. 1 shows that on day 1, blood glucose concentrations between

ral and intravenous hydrocortisone were not statistically significant

ifferent. 

Fig. 2 shows that over 7 days, although not significant, average glu-

ose levels in those given intravenous hydrocortisone were consistently

igher, with a greater difference seen after 88 h. 

ral vs intravenous dexamethasone 

On comparing adjusted average capillary blood glucose between

atients being administered oral dexamethasone compared with intra-

enous dexamethasone, there was no significant difference on day 1 or

cross all 7 days, as seen in Table 3 . Patients with a previous diagnosis

f diabetes had a greater mean blood glucose on day 1 and across all 7

ays ( p ≤ 0.001). Patients who were on corticosteroids before admission

ad a greater mean blood glucose across 7 days than those who were

ot (12.73 vs 10.35 mmol/L, p ≤ 0.001). 
3

Fig. 3 shows that on day 1, capillary glucose concentrations at each

-h time point showed a statistically significant difference in the av-

rage blood glucose concentration at 20:00. Oral dexamethasone had

 higher mean glucose concentration (11.6 mmol/L) than intravenous

examethasone (8.9 mmol/L). This resulted in a mean difference of

.7 mmol/L (95% CI: 0.7, 4.6; p = 0.008). 

Fig. 4 shows that there was no statistically significant difference in

lucose concentrations between oral and intravenous dexamethasone at

ny other 4-h time points on day 1 or across 7 days. 

iscussion 

Our study has shown that other than a transient difference seen to-

ards the end of day 1 with oral dexamethasone use, no significant

ifferences in mean glucose concentrations were seen when comparing

ral vs intravenous hydrocortisone and dexamethasone. Patients admin-

stered dexamethasone who were also on corticosteroids prior to admis-
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Table 3 

Mean differences in blood glucose concentrations of oral and intravenous (IV) dexamethasone with 

95% confidence interval on day one and all seven days. 

Oral mean (mmol/L) IV mean (mmol/L) Mean ifference 95% CI p value 

Day 1 9.55 9.14 0.41 (− 0.55,1.38) 0.404 

Across 7 days 11.50 11.59 − 0.09 (− 1.05,0.87) 0.855 

Fig. 3. Mean (95% CI) blood glucose concentrations (in 

mmol/L), as measured every 4 h on day 1 of treatment with 

oral and intravenous dexamethasone. 

Fig. 4. Mean (95% CI) blood glucose concentrations (in 

mmol/L), as measured every 4 h across 7 days of treatment 

with oral and intravenous dexamethasone. 
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ion had a greater blood glucose over 7 days than those who were not

n corticosteroids prior to admission. 

Hyperglycaemia is known to have many harmful effects on peo-

le with and without diabetes. Generally, long-term use can cause

acrovascular disease progression, increasing cardiovascular disease

ortality. 13 Specifically, in hospitalised individuals with a new increase

n blood glucose, it has been shown to increase the length of admission,

ncrease the likelihood of transfer into intensive care units, impact direct

ischarge to home, and increase mortality. 14 , 15 This is a great concern
4

ecause steroid-induced hyperglycaemia has been shown to be a com-

on complication that occurs in hospitalised inpatients. 15 , 16 This has

een seen to occur 1–2 days after initiation of the corticosteroid. 11 , 13 

It is known that oral corticosteroids have a lower potency than in-

ravenous steroids; therefore, a higher dose is required to achieve the

ame effect. 17 More potent corticosteroids have been shown to cause a

reater degree of glucose rise compared to oral corticosteroids. 11 

Currently, guidelines and recommendations for glucose monitoring

o not differentiate between oral and intravenous corticosteroids. 7 This
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tudy’s findings, together with previous work, 11 could be considered in

hose with risk factors for steroid-induced hyperglycaemia. For those at

isk, this study agrees with current guidelines to ensure vigorous moni-

oring for patients on both oral and intravenous steroids. This is recom-

ended either pre- or post-lunch or evening meal. 7 

One of this study’s main strengths is that it was a formed by a compre-

ensive retrospective data collection done over several months, looking

t blood glucose levels over a 7-day period. 

The limitations of the present study included that it is a single centre

tudy with a predominantly white demographic. Given the retrospective

ature of the data collection, we did not conduct a power calculation or

alculate a sample size; thus, the study population size may not be large

nough to detect a difference. The transient difference in blood glucose

oncentration with dexamethasone in day 1 may also be a false positive.

he study did not differentiate between whether the hyperglycaemia

as due to corticosteroids, a current illness, or poorly controlled dia-

etes. The study also only looked at the total daily corticosteroid dose,

s opposed to differentiating between once-daily or multiple-daily dose

egimens, which may impact mean blood glucose readings across time.

ue to paucity in data, the findings do not consider the agents used

or managing patients with hyperglycaemia, therefore it may be that,

n some cases, the low increase in glucose concentrations was due to

atients treated more aggressively with glucose-lowering agents. 

onclusion 

This retrospective study found that no differences in mean glucose

oncentrations were seen when comparing oral vs intravenous hydro-

ortisone and dexamethasone. These findings could help raise aware-

ess about the importance of regular monitoring of blood glucose in

ndividuals who are on either oral or intravenous corticosteroids. 

onsent for publication 

This was a retrospective anonymous data collection exercise and pa-

ient consent was deemed by our audit department not to have been

equired. 

thics approval and consent to participate 

This study was registered with the Clinical Audit and Improvement

epartment at the Norfolk and Norwich University Hospitals NHS Foun-

ation Trust (registration DIAB_TW_23-24_P04). This study was consid-

red a service-improvement exercise; therefore, no ethics approval was

equired. 
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