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Purpose: This study investigated: (1) the type of corticosteroid associated with the greatest degree of hyper-
glycemia, assessed using bedside capillary blood glucose monitoring, in hospitalized patients; and (2) the pattern
of hyperglycemia throughout the day with the use of each type of corticosteroid.

Methods: This single-center, retrospective study used data from 964 adult inpatients receiving oral or IV corti-
costeroids. Data on capillary blood glucose concentrations and time taken over 7 days were collected. A mixed
model for repeated measures was applied to investigate changes in glucose concentration over time with the use
of four different corticosteroids. An autoregressive covariance structure was used to model correlations between
repeated measurements.

Findings: Across all 7 days, the mean blood glucose concentration was greater with dexamethasone compared to
that with hydrocortisone (mean difference, 16.6 mg/dL [95% CI, 8.1-24.8] [0.92 mmol/L (95% CI, 0.45-1.38)])
or prednisolone (mean difference, 20.0 mg/dL [95% CI, 14.2-25.7] [1.11 mmol/L (95% CI, 0.79-1.43)]1). The
mean blood glucose concentration was greater with methylprednisolone compared to that with hydrocortisone
(mean difference, 23.9 mg/dL [95% CI, 11.3-36.4] [1.33 mmol/L (95% CI, 0.63-2.02)]), and with methylpred-
nisolone versus prednisolone (mean difference, 27.4 mg/dL [95% CI, 16.4-38.3] [1.52 mmol/L (95% CI, 0.91-
2.13)]). There were no significant differences in the patterns of hyperglycemia at six time points of the day with
each type of corticosteroid.

Implications: Treatment with oral or IV dexamethasone or methylprednisolone was associated with greater hyper-
glycemia in comparison to prednisolone and hydrocortisone. More vigorous monitoring and intervention, when
necessary, are suggested in adult inpatients receiving corticosteroids, in particular dexamethasone and methyl-
prednisolone.

Introduction findings from the RECOVERY (Dexamethasone in Hospitalized Patients

with COVID-19) trial,®>” corticosteroids are now also indicated for use

Corticosteroids (also called steroids or glucocorticoids) are anti-
inflammatory medications used in a variety of specialties, including
(but not limited to) respiratory medicine, dermatology, endocrinol-
ogy, hematology, rheumatology, gastroenterology, ophthalmology, and
transplant medicine.’>2 It has been reported that about 0.7% of all adults
are receiving corticosteroids at any given time, with up to 1.8% be-
ing long-term users, and 2.5% being aged >75 years.>>* In one report,
12.8% of hospitalized patients were receiving steroids.® Based on the

in the management of patients with COVID-19 requiring supplemental
oxygen.

Corticosteroid use has been associated with numerous side effects,
including steroid-induced hyperglycemia and steroid-worsened dia-
betes.® These events are thought to occur through increasing insulin
resistance and decreasing production and secretion of insulin.®'!
The effects of corticosteroid use on glucose concentration may vary
depending on the type of corticosteroid; for example, hyperglycemia
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may develop a few hours after prednisolone is taken and may then
wear off, whereas more prolonged hyperglycemia may occur with the
use of dexamethasone, which has a longer half-life.'?

Hyperglycemia is known to increase the risks for morbidity and
mortality in patients admitted to the hospital, including those with
newly diagnosed hyperglycemia.'? 2 Currently, evidence suggests that
corticosteroid-induced hyperglycemia and diabetes are dose-dependent
effects.!*"'7 The development of corticosteroid-induced hyperglycemia
and diabetes may be dependent on the duration of the treatment
course.'® In contrast, lower doses used for longer durations may be as-
sociated with hyperglycemia, suggesting that the effect may be dose-
cumulative.'® The Joint British Diabetes Societies for Inpatient Care
(JBDS) guideline recommends capillary blood glucose monitoring in all
adult inpatients receiving oral or IV steroids to screen for and manage
hyperglycemia.®

Few studies have compared the effects of individual corticosteroids
on the risk for hyperglycemia, and the pattern of hyperglycemia
throughout the day, in hospitalized patients. The risk for hyperglycemia
is important in situations in which those at risk for steroid-induced hy-
perglycemia or diabetes could be monitored at specific times of the day
to ensure the rise in glucose is not missed and/or that steroids with a
lower risk for hyperglycemia could be prescribed.

A single-center, retrospective study of data from adult inpatients on
oral or IV steroids was conducted to investigate the following: Is any
particular type of corticosteroid associated with a greater degree of hy-
perglycemia, assessed by bedside capillary blood glucose monitoring?;
and, Is there a pattern of hyperglycemia at each point of the day with
each type of corticosteroid?

Materials and Methods

This retrospective study was conducted at Norfolk and Norwich Uni-
versity Hospitals National Health Service (NHS) Foundation Trust (Nor-
wich, UK). Data from February 10, 2021 (the start of recording of point-
of-care capillary blood glucose measurements in the hospitals’ electronic
pathology system), and September 10, 2021, were collected. Using an
electronic medicine-prescribing and -administration system, all adult in-
patients receiving an oral or IV steroid during this period were identi-
fied. Data on patients who were in-hospital on an adult ward and receiv-
ing an oral or IV corticosteroid were included. The following data were
collected: age and sex; pre-admission diabetes status; pre-admission cor-
ticosteroid use status; type, dose, and route of administration of corticos-
teroid on admission; capillary blood glucose concentrations; and times
of glucose measurements. Data from the first corticosteroid administra-
tion until the end of the corticosteroid course, up to 7 consecutive days,
were collected. Because the JBDS guideline recommends maintaining a
glucose concentration of 108 to 216 mg/dL (6.0-12.0 mmol/L) in inpa-
tients, hyperglycemia was defined as two readings of >216 mg/dL (>12.0
mmol/L) in 24 hours.

Patients aged <18 years, outpatients, those in the emergency depart-
ment, and those on corticosteroids that were not administered orally or
IV were excluded from the study.

This study was registered with the Clinical Audit and Improvement
Department of the Norfolk and Norwich University Hospitals NHS Foun-
dation Trust (registration DIAB_TW_23-24_P04). This study was consid-
ered a service-improvement exercise, and the project did not require
approval for ethics or research governance.

Statistical Analysis

Descriptive statistics are presented as absolute numbers (%), means
(SD), or medians (interquartile range; IQR). A mixed model for repeated
measures was applied to investigate changes in glucose concentration
over time, comparing four different steroids. An auto-regressive covari-
ance structure was used to model correlations between repeated mea-
surements. The repeated-measures model was adjusted for age, sex, and
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pre-admission diabetes and/or steroid use status. The effects of the four
steroids were compared using data from day 1, day 7, and across all 7
days. To ensure similar intervals between timepoints, the mean of the
glucose concentrations measured every 4 hours was calculated, result-
ing in up to six glucose measurements, and, over the 7 days, up to 42
glucose measurements. Results are presented with 95% ClIs and P val-
ues, with P < 0.05 deemed to be statistically significant. Data from days
with no recorded capillary blood glucose concentrations were excluded
from the analysis.

Results

During the data collection period, 3260 inpatients received oral or
IV corticosteroids (range of capillary blood glucose readings per day, 1-
24). Data from 964 patients with available day-1 blood glucose measure-
ments were included in the analysis. The distribution of corticosteroid
types on day 1 of administration were: prednisolone, 55.3% (n = 533);
dexamethasone, 28.0% (n = 270); hydrocortisone, 11.9% (n = 115);
and methylprednisolone, 4.8% (n = 46). The median (IQR) total daily
doses of the corticosteroids administered over the course of the 7 days
were: prednisolone, 19.3 mg (8.0-30.0); dexamethasone, 6.9 mg (6.0
12.0); hydrocortisone, 48.0 mg (28.6-100.0); and methylprednisolone,
80.0 mg (68.6-500). A summary of baseline characteristics of the 964
inpatients can be found in Table 1.

Of the patients who underwent blood glucose monitoring on day 1
of taking corticosteroids, 36.0% (n = 347) were identified as having
hyperglycemia. Of those, 48.7% (n = 169) had hyperglycemia on day 1,
and in 51.3% (n = 178), hyperglycemia developed after day 1.

On comparison of capillary blood glucose concentrations between
those who were new to corticosteroids and those who were taking corti-
costeroids before admission, mean blood glucose concentrations on day
1 were similar (both, 167 mg/dL [9.3 mmol/L]; P = 0.72) and the dif-
ference in mean blood glucose levels on day 7 was not statistically sig-
nificant (176 vs 187 mg/dL [9.8 vs 10.4 mmol/L]; P = 0.24).

The mean glucose concentration on day 1 was significantly greater
in the subgroup with a preexisting diagnosis of diabetes compared to
those who did not (194 vs 140 mg/dL [10.8 vs 7.8 mmol/L]; mean dif-
ference, 52 mg/dL [95% CI, 45-61] [2.9 mmol/L (95% CI, 2.5-3.4)]; P
< 0.0001). The mean glucose concentration on day 7 was significantly
greater in the subgroup with a preexisting diagnosis of diabetes com-
pared to those who did not (207 vs 157 mg/dL [11.5 vs 8.7 mmol/L];
mean difference, 52 mg/dL [95% CI, 36-67] [2.9 mmol/L (95% CI, 2.0-
3.7)]; P < 0.0001). The blood glucose concentrations in the subgroup
with pre-existing diabetes compared to the subgroup without are shown
in Figure 1.

The differences in day-1 glucose concentrations between the differ-
ent types of corticosteroids were not statistically significant. The dif-
ference in glucose concentrations on day 7 was statistically significant
between those on dexamethasone compared to those on prednisolone
(difference, 28.8 mg/dL [95% CI, 9.0-48.6] [1.57 mmol/L (95% CI,
0.46-2.67)]; P = 0.0349). Table 2 shows, across all 7 days, the persis-
tence of the statistical significance of the differences in glucose concen-
trations between dexamethasone and hydrocortisone (P = 0.0007), dex-
amethasone and prednisolone (P < 0.0001), hydrocortisone and methyl-
prednisolone (P = 0.0011), and methylprednisolone and prednisolone
(P < 0.0001). Those on dexamethasone and methylprednisolone had
the highest mean blood glucose concentrations. The mean blood glu-
cose levels across all 7 days with the use of the steroids were: methyl-
prednisolone, 194 mg/dL (10.8 mmol/L); hydrocortisone, 171 mg/dl
(9.5 mmol/L), dexamethasone, 187 mg/dL (10.4 mmol/L); and pred-
nisolone, 167 mg/dL (9.3 mmol/L).

The pattern of glucose variability across each 24-hour period showed
a periodic variation (Figure 1). The mean blood glucose concentrations
were lowest between 4 and 8 AM. The mean blood glucose concentra-
tions over the 7 days were highest between 4 and 8 PM, except on days
2 and 6 in the subgroup without a pre-existing diagnosis of diabetes.
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Baseline characteristics of the adult inpatients on corticosteroids who had blood glucose monitoring on day 1. Data are given as number (%) of patients unless

otherwise specified.

Characteristic Hydrocortisone (n = 115) Prednisolone (n = 533) Dexamethasone (n = 270) Methylprednisolone (n = 46) Overall (n = 964)
Age, mean (SD), y 66.7 (18.4) 73.6 (14.7) 68.1 (15.4) 59.4 (19.5) 70.5 (16.1)
Sex
Male 60 (52.2) 259 (48.6) 148 (54.8) 19 (41.3) 486 (50.4)
Female 55 (47.8) 274 (51.4) 122 (45.2) 27 (58.7) 478 (49.6)
Previous diagnosis of diabetes 52 (45.2) 235 (44.1) 90 (33.3) 11 (23.9) 388 (40.2)
Steroids before admission 54 (47.0) 307 (57.6) 54 (20.0) 3(6.5) 418 (43.4)
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Figure 1. Mean (95% CI) blood glucose concentrations (in mmol/L), as measured q4h over 7 days in patients with and without a preexisting diagnosis of diabetes

(PDD).

Table 2

Mean differences in blood glucose concentrations (in mmol/1) of different steroid classes with 95% confidence interval on day 1, day 7, and all seven days. In bold

are the statistically significant differences.

Study Drugs Day 1 Day 7 All 7 Days
Mean 95% CI P Mean Difference, 95% CI P Mean 95% CI P
Difference, mmol/L Difference,
mmol/L mmol/L
Dexamethasone
vs hydrocortisone 0.49 -0.26 to 1.25 0.7348 1.63 0.08 to 3.18 0.2211 0.92 0.45 to 1.38 0.0007
vs prednisolone 0.23 -0.31 to 0.76 0.9565 1.57 0.46 to 2.67 0.0349 1.11 0.79 to 1.43 <0.0001
vs methylprednisolone -0.55 -1.66 to 0.55 0.9064 0.11 -1.7 t0 1.93 1.0000 -0.41 -1.02 to 0.21 0.7216
Hydrocortisone
vs prednisolone -0.27 -0.95 to 0.41 0.9697 -0.06 -1.39 to 1.27 1.0000 0.20 —-0.22 to 0.61 0.9283
vs methylprednisolone -1.05 -2.26 t0 0.16 0.4285 -1.51 -3.66 to 0.63 0.6634 -1.33 -2.02t0-0.63  0.0011
Methylprednisolone vs ~ 0.78 -0.32t0 1.88 0.6562 1.45 -0.4 to 3.31 0.5501 1.52 0.91 to 2.13 <0.0001

prednisolone

The CIs of greatest mean blood glucose levels overlapped at all time
points on each day, except between 4 and 8 AM. Figure 2 shows the
mean blood glucose concentrations at each 4-hour interval on days 1
and 7 with each corticosteroid class. The differences in concentrations
between corticosteroid classes at different points of the day were not
significant.

Discussion

In the present study, bedside point-of-care capillary blood glucose
concentrations rose significantly in adult inpatients receiving oral or IV
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steroids during the first week after initiation. Increases in glucose con-
centrations were greatest in those receiving dexamethasone or methyl-
prednisolone. The increase in glucose was greater in patients with pre-
existing diabetes than in those without it.

Uncontrolled high blood glucose concentrations in hospitalized pa-
tients have been associated with increased harm, however that is mea-
sured.!® Conditions associated with hyperglycemia include (but are
not limited to) immunosuppression, oxidative stress, increased risk for
thrombosis, and the precipitation of ischemic events.??-?! These condi-
tions can lead to increased morbidity or mortality, and increased over-
all hospital care-related costs in patients with hyperglycemia, with or
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Figure 2. Mean (95% CI) blood glucose concentrations (in mmol/L), as measured q4h on day 1 (A) and day 7 (B) of treatment with corticosteroids in patients with

diabetes.

without a preexisting diagnosis of diabetes.?!~2 In a study by Umpierrez
et al,'® those with newly diagnosed hyperglycemia had a longer length
of hospital stay, were more likely to need admission to the intensive care
unit, and were less likely to return to their baseline premorbid state. The
importance of controlling glucose concentrations in inpatients has been
discussed elsewhere.!?:24

The evidence that corticosteroid use leads to hyperglycemia is com-
pelling.25-26 Inpatient corticosteroid use has increased since the COVID-
19 pandemic.”-?” However, the RECOVERY trialists have yet to pub-
lish data on the impact of dexamethasone on glucose concentrations. To
the best of our knowledge, no work has assessed the effects of corticos-
teroids with more potent anti-inflammatory activity on the differential
hyperglycemic effect in inpatients. In the present study, hyperglycemia
was more prevalent in patients receiving dexamethasone or methylpred-
nisolone as opposed to prednisolone or hydrocortisone. This finding
most likely was attributable to the strength and half-life of the corti-
costeroid.'? With less potent corticosteroids, such as hydrocortisone,
the half-life is shorter (eg, 8 hours), in comparison to that of dexam-
ethasone (36-54 hours),® suggesting that dexamethasone has a longer-
lasting, greater anti-inflammatory effect; however, when administered
acutely, its use may increase endogenous hepatic gluconeogenesis and
reduce peripheral glucose uptake and insulin secretion.®

Currently, guidelines and recommendations on monitoring capillary
blood glucose do not differentiate by corticosteroid type, despite differ-
ences in the potency and formulation of each type.® The findings from
the present study can help to refine current guidelines in that they sug-
gest a benefit of more vigorous blood glucose monitoring in patients
receiving dexamethasone or methylprednisolone, especially if the treat-
ment duration is prolonged. In the present study, the differences in blood
glucose concentrations at various time points across the week were not
significant between types of corticosteroid. Therefore, blood glucose
monitoring is recommend regardless of the corticosteroid type, as per
the guideline produced by the JBDS: "Prior to lunch or evening meal,
or alternatively 1-2 hours post lunch or evening meal."® The present
findings suggest that capillary glucose need not be monitored routinely
between 4 and 8 AM.
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The strengths of the present study included that the comprehen-
sive database included all adult inpatients administered a corticosteroid
for at least a week over the 7-month data-collection period. A sam-
ple size analysis was not done; however, the sample size was sufficient
for the detection of an association between types of corticosteroid and
blood glucose concentrations. Future work will look at the impact of
various glucose-lowering agents on the management of patients with
corticosteroid-induced hyperglycemia.

Limitations of the present single-center, retrospective study included
that the study did not differentiate between hyperglycemia from preex-
isting, suboptimally controlled diabetes and new-onset, steroid-induced
hyperglycemia. Because only data on the total daily dose on each day
of corticosteroid treatment were collected, it could not be differenti-
ated whether hyperglycemia occurred with once-daily or multiple daily
doses of steroids. Because data up to only day 7 of corticosteroid use
in inpatients were collected, the impact of a longer treatment course
could not be determined. Despite there being national guidelines on the
management of patients with steroid-induced hyperglycemia or steroid-
worsened diabetes,® because glucose concentrations were suboptimal,
the guidelines may not have been followed. Data on ketones were not
collected, as they are not electronically recorded at the institution. The
findings do not take into account the agents used for managing patients
with hyperglycemia. It could not be determined whether those on the
corticosteroids associated with the lowest increase in glucose concentra-
tions were treated more aggressively with glucose-lowering agents. The
demographic of the population served by the hospital is predominantly
White; thus, differences potentially related race or ethnicity could not
be determined.

Conclusions

In this retrospective study of the types of corticosteroid that lead to
greater degrees of hyperglycemia, over a 7-day period, dexamethasone
or methylprednisolone use was associated with greater hyperglycemia
in comparison to prednisolone or hydrocortisone. These findings could
help to raise awareness about which steroids require more vigorous glu-



V. Limbachia, I. Nunney, D.J. Page et al.

cose monitoring. In agreement with the UK guideline on managing pa-
tients with corticosteroid-induced hyperglycemia or worsened diabetes,
routine blood glucose monitoring before lunch or the evening meal, or
1 to 2 hours after lunch or the evening meal, in hospitalized patients
on oral or IV corticosteroids is still recommended. Mean capillary blood
glucose levels in patients receiving any steroid were much greater in
those with a preexisting diagnosis of diabetes. Therefore, in patients
with a preexisting diagnosis of diabetes, testing four times a day is rec-
ommended.
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