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Abstract
Background  The aim of this study was to determine the incidence of steroid-induced hyperglycaemia (SIH) in patients 
hospitalised at the tertiary centre for lung diseases, to assess glycaemic control during hospitalisation, and to determine the 
factors associated with the control of SIH.
Methods  A 4-month retrospective study was conducted. All patients who received systemic glucocorticoids for ≥ 2 days 
during hospitalisation, with ≥ 2 elevated blood glucose (BG) readings, were included in the analysis. SIH control was deter-
mined by mean BG levels, the number and proportion of elevated and pronouncedly elevated BG readings, and the number 
of hypoglycaemic events.
Results  60 of 283 patients (21.2%) developed SIH, of which 55 patients were included in further analysis. Mean fasting and 
daytime BG levels were 7.8 ± 2.9 mmol/l and 10.9 ± 2.2 mmol/l, respectively. 41/55 patients (74.5%) had elevated average 
BG levels. 45/55 patients (81.8%) had > 5 readings or > 20% of all readings exceeding hyperglycaemia threshold, and 33/55 
patients (60.0%) had pronouncedly elevated BG levels on more than one occasion. 6/55 patients (10.9%) experienced more 
than one hypoglycaemic event or a severe hypoglycaemia. Only 9/55 patients (16.4%) achieved adequate SIH control accord-
ing to all defined criteria. Pre-existing diabetes and longer duration of hospital treatment with low glucocorticoid dose were 
significantly associated with poorer glycaemic control (p < 0.001 and p = 0.003, respectively).
Conclusions  Appropriate SIH management was demonstrated to be challenging. According to the defined criteria, adequate 
glycaemic control during hospitalisation was not achieved in the large majority of patients with SIH.
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Abbreviations
BG	� Blood glucose
BMI	� Body mass index
COPD	� Chronic obstructive pulmonary disease
DM	� Diabetes mellitus
GC	� Glucocorticoids
IQR	� Interquartile range
SIH	� Steroid-induced hyperglycaemia

Introduction

Systemic glucocorticoids (GC), commonly used in patients 
with lung disease, are a well-known cause of hyperglycae-
mia [1]. Cortisol and other GC inhibit insulin secretion 
from pancreatic β-cells and increase glucagon secretion 
from α-cells. They stimulate the synthesis of glucose in the 
liver and reduce insulin sensitivity of fat tissue and skel-
etal muscles [2–4]. High blood glucose (BG) levels have 
been associated with increased infection rates, poor wound 
healing, longer hospital stays, higher treatment costs and 
higher mortality during hospitalisation [5–9]. In patients 
with acute exacerbations of chronic obstructive pulmonary 
disease (COPD), hyperglycaemia has been linked to worse 
outcomes [10, 11]. A meta-analysis showed that intensive 
glycaemic control was associated with a lower risk of infec-
tion in hospitalised patients [12].

The incidence of steroid-induced hyperglycaemia (SIH) 
is estimated to be around 40–50% [13–16]. Three types of 
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SIH can be distinguished, namely exacerbation of an existing 
type 2 diabetes mellitus (DM), newly discovered DM, and 
transient hyperglycaemia in patients without pre-existing 
DM [17, 18]. With a morning daily dose of GC, SIH occurs 
more frequently in the afternoon and evening hours, fol-
lowed by a gradual decrease in overnight BG levels [4, 16, 
19–21]. Its onset is usually within the first week of treatment 
with GC, but it can also occur 2–4 weeks after starting GC 
[17, 22].

The risk for SIH increases with higher dose of GC and 
longer duration of treatment, but does not depend on the 
type of GC, taking equivalent doses into account [14, 19, 
23]. Other factors associated with SIH include pre-existing 
DM, impaired fasting glycaemia or glucose tolerance, family 
history of DM, previous gestational diabetes, obesity, poly-
cystic ovarian disease, advanced age, elevated C-reactive 
protein levels and the Charlson Comorbidity Index [14, 18]. 
Existing data regarding the influence of these factors on SIH 
control is very limited [19].

There are no general consensus guidelines for SIH man-
agement. Several studies have compared different insulin 
regimens providing mixed results [13]. Information regard-
ing the use of oral hypoglycaemic agents mainly comes from 
small clinical trials and case studies [4].

The aim of this study was to determine the incidence of 
SIH in a tertiary care hospital for lung diseases, to assess 
SIH control during hospitalisation according to the defined 
criteria, and to determine the potential influence of age, sex, 
body mass index (BMI), pre-existing type 2 DM, length of 
hospital stay, and treatment with systemic GC before admis-
sion and during hospitalisation on SIH control.

Materials and methods

Study design and patient population

A 4-month retrospective study included patients with the 
following characteristics: age ≥ 18 years; hospitalisation 
at the University Clinic Golnik during May–August 2019; 
systemic treatment with GC for ≥ 2 days during hospitali-
sation; fasting BG levels ≥ 7.0 mmol/l or daytime BG lev-
els ≥ 10.0 mmol/l on at least 2 readings; signed informed 
consent form. Patients receiving only topical or inhaled GC 
were not included. The study was approved by the National 
Medical Ethics Committee.

Evaluation of steroid‑induced hyperglycaemia 
control

In patients with confirmed SIH, glycaemic control was 
assessed by monitoring BG levels during hospital treatment 

with systemic GC. Adequate SIH control was defined with 
the following criteria:

1.	 BG levels elevated on < 5 and < 20% of readings (fasting 
BG ≥ 7.0 mmol/l; daytime BG ≥ 10.0 mmol/l)

2.	 BG levels pronouncedly elevated on < 2 readings (fasting 
BG ≥ 10.0 mmol/l; daytime BG ≥ 13.0 mmol/l)

3.	 average BG levels not elevated (average fasting 
BG < 7.0 mmol/l; average daytime BG < 10.0 mmol/l)

4.	  < 2 hypoglycaemic events (BG ≤ 4.0 mmol/l) and no 
severe hypoglycaemic events (≤ 2.8 mmol/l)

Data collection

The following data were collected in anonymised form from 
the medical records and charts of the included patients: patient 
demographics, level and timing of all BG readings during 
hospitalisation, treatment with GC and hypoglycaemic agents 
before and during hospitalisation (type of drugs, dosing regi-
men, treatment duration, changes in therapy), diagnosis of DM 
before hospitalisation, and length of hospital stay.

BG readings before breakfast at 7:00 a.m. were consid-
ered as fasting levels, while other readings (scheduled before 
lunch at 11:00 a.m., before dinner at 5:00 p.m., at bedtime at 
10:00 p.m., and any other reading) were considered as daytime 
BG levels.

Statistical analysis

Descriptive statistics were used to determine the incidence of 
SIH and the proportion of patients who met the criteria for ade-
quate SIH control. The interquartile range (IQR) was reported 
when median was used. Chi-square test was used to determine 
the association between SIH control and categorical parame-
ters (sex, pre-existing DM, treatment with systemic GC before 
admission). Fisher’s exact test was applied in cases of expected 
frequencies less than 5. Mann–Whitney U test was applied to 
compare the differences in continuous variables (age, BMI, 
duration of treatment with GC during hospitalisation (GC 
days), and the length of hospital stay) between patients with 
adequate and inadequate SIH control. Additionally, the days 
when patients received high doses (high GC days) and low 
doses of GC (low GC days) were examined separately. High 
dose of GC was defined as a daily dose ≥ 32 mg methylpredni-
solone or equivalent. The statistical analyses were performed 
with the IBM SPSS Statistics 25 software. A p-value < 0.05 
was considered significant.
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Results

In the 4-month study period, 283 patients were treated 
with systemic GC for ≥ 2 days during hospitalisation at the 
University Clinic Golnik (Fig. 1). Of the 168/283 patients 

who had at least 2 BG readings performed during hospi-
talisation, 60 patients (21.2%) with SIH were identified, 
but 5 did not agree to participate in the study; therefore, 
55 patients were included in further analyses.

Of the 55 patients with SIH, 20 (36.4%) were female. 
The median age of the included patients was 70  years 

Fig. 1   Patient selection and 
therapy with glucocorticoids 
and hypoglycaemic drugs for 
the included patients
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(IQR 64–77), and the median BMI was 28.1 kg/m2 (IQR 
24.1–33.7). 30 patients (54.5%) had previously known type 
2 DM. The median length of hospital stay of patients with 
SIH was 12 days (IQR 8–22).

Therapy with glucocorticoids and hypoglycaemic 
drugs

Information regarding the treatment with GC and hypogly-
caemic agents before admission, during hospitalisation, and 
at discharge is presented in Fig. 1. Methylprednisolone was 
used for GC treatment in the majority of patients (45/55; 
81.8%), whereas 9 patients (16.4%) received dexamethasone. 
48 patients (87.3%) received at least one high daily dose of 
GC (≥ 32 mg methylprednisolone or equivalent). Median 
daily dose of GC was 32 mg (IQR 20–32), and median 
cumulative dose during hospitalisation was 208 mg (IQR 
160–302) of methylprednisolone or equivalent. The median 
duration of GC treatment during hospitalisation was 7 days 
(IQR 5–11).

Metformin was the oral hypoglycaemic agent most com-
monly used prior to admission (18 out of 21 patients receiv-
ing any oral therapy). 11/55 patients received an additional 
oral hypoglycaemic agent during hospitalisation; 8 of these 
patients were prescribed repaglinide, and 3 patients were 
prescribed metformin. 10/55 patients were receiving insu-
lin prior to admission, and additional 19 patients were pre-
scribed insulin during hospitalisation (Fig. 1). Of these, 16 
patients received bolus insulin aspart, with only 2 of them 
receiving concurrent basal insulin. At discharge, compared 
to admission, 6 additional patients required antidiabetic 
treatment (30/50 patients vs. 29/55 patients, respectively; 
5 patients died during hospitalisation). 4 of them were pre-
scribed new insulin therapy. It is possible that antidiabetic 
therapy has been discontinued or changed for some patients 
at a later point (e.g., switching from insulin to oral therapy), 
as patients were not monitored after discharge.

These results indicate that in the majority of cases, SIH 
was a transient event that had resolved during hospitalisa-
tion. 30 patients experienced an exacerbation of pre-existing 

type 2 DM. New onset of diabetes was identified in 3 
patients: one patient demonstrated elevated HbA1c, and 2 
patients had elevated BG levels several days after discon-
tinuation of GC. 20 patients developed transient SIH, and 2 
patients had elevated BG levels requiring antidiabetic ther-
apy at discharge while still receiving GC. These 2 patients 
most likely developed transient hyperglycaemia, but may 
have also presented cases of newly discovered DM.

Blood glucose levels

During hospitalisation, patients had a median of 3 BG read-
ings (IQR 2–3) performed daily when receiving systemic 
GC. Bedtime BG readings represented only 1.6% of all BG 
readings. As expected, elevated BG levels were more often 
detected during daytime than in the morning (Table 1).

Figure 2 shows the average BG levels for the scheduled 
BG readings. BG levels increased continuously during the 
day and reached the highest levels at bedtime. Similarly, 
the highest proportion of elevated BG readings was seen 
at that time (343/497 readings (69.0%) in the afternoon; 

Table 1   Number of blood glucose (BG) readings and number of patients with at least one elevated fasting or daytime BG reading within the par-
ticular range (n = 55)

BG levels [mmol/l] Fasting BG levels Daytime BG levels

Number of patients (%) Number of readings (%) Number of patients (%) Number of readings (%)

7.0–9.9 48 (87.3%) 207 (38.5%) 54 (98.2%) 288 (28.9%)
10–12.9 17 (30.9%) 48 (8.9%) 55 (100.0%) 300 (30.1%)
13–14.9 10 (18.2%) 20 (3.7%) 36 (65.5%) 123 (12.3%)
15–19.9 6 (10.9%) 18 (3.3%) 31 (56.4%) 119 (11.9%)
 ≥ 20.0 1 (1.8%) 3 (0.6%9 11 (20.0%) 41 (4.1%)
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Fig. 2   Blood glucose levels for the scheduled readings (mean ± SD; 
n = 1496). The deviation from the upper limit of reference range at 
each time point is presented with red numbers (fasting readings 
7.0 mmol/l, daytime readings 10.0 mmol/l)
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19/25 readings (76.0%) at bedtime). Despite the fact that 
the majority of patients (45/55; 81.8%) were receiving GC as 
a once daily morning dose of methylprednisolone, the read-
ings before lunch demonstrated the lowest diagnostic value 
for SIH. 196/436 BG readings (45.0%) were elevated before 
lunch, in comparison with 297/538 BG readings (55.2%) 
before breakfast.

11 patients (20.0%) experienced hypoglycaemia during 
hospitalisation; 5 of these patients had more than 1 hypo-
glycaemic event. In total, there were 23 hypoglycaemic 
events during the study. 4 hypoglycaemic events were severe 
(≤ 2.8 mmol/l); interestingly, they all occurred during day-
time. In 2 patients, BG levels below the hypoglycaemia 
threshold (≤ 4.0 mmol/l) were found after a reduction of the 
GC dose, which is a recognised risk factor for hypoglycae-
mic events in diabetic patients [24].

Criteria for the control of steroid‑induced 
hyperglycaemia

45/55 patients (81.8%) had ≥ 5 or ≥ 20% of BG readings 
elevated, thus not meeting the 1st criterion for SIH con-
trol (Table 2). 33 patients (60.0%) did not fulfil the 2nd 
criterion, with BG levels pronouncedly elevated on more 
than one reading (fasting BG ≥ 10.0  mmol/l; daytime 
BG ≥ 13.0 mmol/l), while 41 patients (74.5%) had elevated 
average BG levels (the 3rd criterion). With regard to the 
hypoglycaemic events (the 4th criterion), most of the patients 
(49/55; 89.1%) received optimal antidiabetic treatment. 
Altogether, 46/55 patients (83.6%) failed to meet the defined 
set of criteria for adequate SIH control.

Factors influencing the control of steroid‑induced 
hyperglycaemia

In our study, sex, age and BMI had no significant influence 
on SIH control, oppositely to pre-existing DM (Table 3; 
Mann–Whitney U test, p < 0.005 for all 4 criteria). In fact, 
none of the patients with previously known DM had ade-
quate SIH control during hospitalisation with regard to the 
increased BG levels (1st, 2nd and 3rd criterion). The length 

of hospital stay had a significant influence only on the num-
ber of hypoglycaemic events (4th criterion) (Mann–Whitney 
U test, p = 0.023). Patients with more than one hypoglycae-
mic event had longer hospital stay (median 29 days versus 
12 days in other patients). This is in accordance with the 
results of the meta-analysis which demonstrated a longer 
hospital stay and a greater risk of in-hospital mortality in 
diabetic patients exposed to hypoglycaemia [24].

Significantly shorter treatment with GC during hospitali-
sation was observed in patients with adequate SIH control 
with respect to 3 of the 4 criteria (Table 3; Mann–Whitney 
U test, p < 0.05), but failed short of statistical significance 
jointly for all 4 criteria (Table 3; Mann–Whitney U test, 
p < 0.079). Unexpectedly, when treatment with high and 
with low dose of GC (≥ 32 mg and < 32 mg methylpred-
nisolone or equivalent, respectively) were analysed sepa-
rately, patients with adequate SIH control had significantly 
shorter treatment with low GC dose compared to the patients 
with inadequate control (Table 3; Mann–Whitney U test, 
p < 0.05), while the duration of treatment with high GC 
dose was comparable between the two groups of patients 
for all criteria. More data regarding statistical analyses can 
be found in Supplementary Table 1.

Discussion

Low incidence of SIH (60/283 patients; 21.2%) in compari-
son with similar studies was identified [13–16]. However, 
only 168/283 patients had ≥ 2 BG readings performed dur-
ing hospitalisation, and none of the patients had regular 4 
times daily BG readings during GC treatment as suggested 
for patients with SIH [18]. We, therefore, assume that SIH 
may have been under-recognised in our study.

Moreover, in large majority of patients with SIH included 
in further analysis (46/55 patients; 83.6%) adequate glycae-
mic control during hospitalisation was not achieved. Pre-
existing DM and longer duration of treatment with low GC 
were significantly associated with failure to meet our set 
of criteria for adequate SIH control. Furthermore, hospi-
tal stay of the included patients (average 17.4 days; median 

Table 2   Number of patients with adequate control of steroid-induced hyperglycaemia (SIH); n = 55

BG blood glucose

Criteria for adequate SIH control Patients fulfilling 
the criteria; n (%)

1  < 5 and < 20% of BG readings elevated (fasting BG ≥ 7.0 mmol/l; daytime BG ≥ 10.0 mmol/l) 10 (18.2%)
2  < 2 BG readings significantly elevated (fasting BG ≥ 10.0 mmol/l; daytime BG ≥ 13.0 mmol/l) 22 (40.0%)
3 average fasting BG < 7.0 mmol/l and average daytime BG < 10.0 mmol/l 14 (25.5%)
4  < 2 hypoglycaemic events (BG ≤ 4.0 mmol/l) and no severe hypoglycaemic events (≤ 2.8 mmol/l) 49 (89.1%)
ALL 4 CRITERIA 9 (16.4%) 
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12 days) was much longer than the average length of hospital 
stay at the University Clinic Golnik (4.8 days in 2019) [25]. 
Although the reasons for prolonged hospitalisation were not 
analysed and may have varied, we might assume SIH having 
an influence – a relation which has already been established 
in previous studies [5, 6].

Blood glucose levels

All patients treated with high GC doses should have had 
regular BG readings, ideally in the afternoon and evening 
hours for several days to confirm or exclude hyperglycaemia 
[9, 20]. Given that SIH in most cases develops within 2 days, 
some authors recommend closer monitoring in the first 48 h, 
and discontinuation of regular BG readings thereafter in 
patients without elevated BG levels (≥ 7.8 mmol/L) [14, 26]. 
In patients with pre-existing DM and in cases of recognised 
SIH, the Joint British Diabetes Societies guidelines suggest 
4 times daily BG readings [18]. To recognise the cases of 
SIH in non-diabetic patients which may develop after 48 h, 
we suggest daily BG readings in the afternoon (e.g., before 
dinner) or evening hours starting on the second or the third 
day after the initiation of GC treatment, and fasting BG read-
ings every 2–3 days for at least 7 days.

These recommendations were not followed during our 
study. 115/283 patients treated with systemic GC (40.6%) 
had no BG readings during hospitalisation, although 60 of 
these patients received at least one high dose of GC. In the 
remaining 168 patients, the BG levels were measured more 
than once during treatment with GC; however, none of the 

patients had regular 4 times daily BG readings. We, there-
fore, assume that SIH might not have been recognised in 
some patients, and that the actual incidence may have been 
higher. A less frequent than recommended 4 times daily BG 
readings may also have had an influence on the assessment 
of the SIH control.

Average BG levels shown in Fig. 2 confirm that afternoon 
and bedtime BG readings are the most appropriate for the 
recognition and assessment of SIH [17, 18]. BG readings 
scheduled before breakfast (fasting BG levels) and before 
lunch did not appear to be sufficient. Even though the Joint 
British Diabetes Societies guidelines mention the initial 
monitoring before lunch to be one of the suitable options, 
this may not be ideal for every setting [18]. Given the fact 
that the onset of the hyperglycaemic effects of methylpred-
nisolone or dexamethasone is expected around 4 h after the 
GC administration, the gap between the morning GC dose 
and the BG reading before lunch may be too short for SIH 
to become apparent, which may have been the case in our 
study [4].

Therapy with glucocorticoids

Methylprednisolone was the most commonly used GC in 
our study. The study had completed before the emergence of 
COVID-19 epidemic that has led to increased use of dexa-
methasone worldwide [9]. Although certain pharmacoki-
netic and pharmacodynamic differences have been demon-
strated among GC (e.g., longer half-life of dexamethasone), 
the clinical practice recommendations for the management 

Table 3   Factors influencing the control of steroid-induced hyperglycaemia (SIH)

p- values are reported and value lower than 0.05 was considered significant and is marked in bold
BG blood glucose, BMI body mass index, DM Diabetes Mellitus, GC glucocorticoid, SIH Steroid-induced hyperglycaemia
* A daily dose ≥ 32 mg methylprednisolone or equivalent was considered as a high dose of GC
a Chi-square test or Fisher’s exact test
b Mann–Whitney U test

Tested parameter  < 5 and < 20% of 
BG levels elevated 
(n = 10/55)

 < 2 BG readings 
significantly elevated 
(n = 22/55)

Average fasting 
BG < 7.0 mmol/l 
and average daytime 
BG < 10.0 mmol/l 
(n = 14/55)

 < 2 hypoglycaemic 
events and no severe 
hypoglycaemic events 
(n = 45/55)

All 4 criteria 
(n = 9/55)

Sexa 0.731 0.567 0.953 0.399 0.286
Ageb 0.400 0.121 0.082 0.948 0.399
BMIb 0.813 0.452 0.914 0.510 0.813
Previous DMa  < 0.001  < 0.001 0.005 0.204  < 0.001
GC therapy before 

admissiona
0.624 0.426 0.351 0.110 0.638

GC days (total)b 0.042  < 0.001 0.115 0.002 0.079
High GC daysb * 0.644 0.098 0.925 0.819 0.736
Low GC daysb 0.003 0.009 0.020 0.015 0.003
Length of hospital stayb 0.412 0.673 0.314 0.023 0.182
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of SIH are usually given for GC as a group rather than for 
each specific drug [4, 17, 18]. It is known that the influ-
ence of GC on BG levels depends both on the dose and 
treatment duration [21]. These differed widely in our study, 
with cumulative GC doses during hospitalisation ranging 
from 24 to 1496 mg of methylprednisolone or equivalent. 
GC treatment recommendations for different lung diseases 
vary substantially, from using short-term high doses of GC, 
e.g., in acute exacerbation of COPD, to chronic low doses, 
e.g., in interstitial lung disease [27, 28]. The data regarding 
indications for GC use was not gathered systematically in 
our study.

Many previous studies of SIH have included only patients 
treated with high doses of GC [14, 22] or patients with doses 
higher than physiological (≥ 10 mg prednisone daily or 
equivalent) [29, 30]. We included patients regardless of the 
GC dose, based on the recommendation that patients with 
previous DM or known risk factors for SIH should have BG 
levels monitored even if they receive low doses of GC [16]. 
This may partly, besides the BG readings being performed 
less often than recommended, explain the lower SIH inci-
dence found in our study (21.2%). In previous studies in 
hospitalised patients, the incidence commonly ranged from 
40 to 50% [13–16]. However, previously reported SIH rates 
vary between 1 and 70%, depending on the methodology, 
patient population and defined hyperglycaemia threshold [5, 
9, 14, 22, 31–33]. If only patients with a GC dose ≥ 32 mg 
of methylprednisolone or equivalent had been included, 
the incidence of SIH in our study would have been 28.7% 
(58/202 patients).

Therapy with hypoglycaemic drugs

Several authors have argued that transient hyperglycaemia 
caused by short-term use of GC does not necessarily require 
treatment [13, 20]. However, even short-term hyperglycae-
mia can cause acute inflammation and endothelial dys-
function both in patients with and without DM [20, 34]. 
Long-term fluctuations in fasting BG levels increase cardio-
vascular mortality in elderly DM patients [20, 35].

There is no clear evidence to support the use of one spe-
cific drug or regimen to achieve adequate SIH control [16]. 
Treatment with oral hypoglycaemic drugs is an option in 
patients without previously known DM who develop milder 
forms of SIH. When GC are administered in a morning daily 
dose, insulin secretagogues are a reasonable choice [17, 18]. 
In the Joint British Diabetes Societies guidelines, gliclazide 
is recommended [18]. However, sulphonylureas may pose 
a risk of hypoglycaemia due to long duration of action [4]. 
On the other hand, repaglinide demonstrates an immediate 
onset of action, has a low risk of hypoglycaemia and can be 
titrated in small increments [5, 17]. Metformin and dipep-
tidyl peptidase 4 inhibitors may also be a safe and effective 

option [4, 18]. Radhakuty and Burt recommended metformin 
for outpatients on chronic low-dose GC [21]. In a study on 
patients with acute exacerbation of COPD, a sodium-glu-
cose-cotransporter 2 dapagliflozin did not provide a better 
glycaemic control of prednisone-induced hyperglycaemia 
compared to placebo [36]. Results from a recent study 
comparing empagliflozin to insulin isophane in patients 
with steroid diabetes are awaiting [37]. Evidence for using 
thiazolidinediones in patients with SIH is weak [4, 18]. In 
our study, repaglinide was the most commonly prescribed 
oral agent during hospitalisation. Majority of the patients 
with pre-existing DM (18) were receiving metformin. Other 
oral drugs were only prescribed as treatment for SIH when 
already used for pre-existing DM.

Insulin is the treatment of choice for patients with pre-
existing DM receiving any combination therapy, for those 
with pronounced BG elevations (several consecutive BG 
readings > 11.1 mmol/l), and for patients not reaching tar-
get BG levels with oral hypoglycaemic drugs [5, 18, 21]. 
Basal-bolus regimens or premixed insulin appear to be suit-
able and equally effective options [16]. Morning dose of 
insulin isophane may be the most appropriate to cover BG 
elevations after a single morning GC dose [4, 18, 21]. The 
definitive superiority of this regimen has yet to be proven 
[21]. Adjustments of insulin dose should be performed every 
2–3 days if necessary [5, 18]. In our study, most patients 
that required insulin during hospitalisation, but were not 
on prior insulin therapy, received only rapid-acting insulin 
aspart (16), with just 2 patients receiving a basal-bolus regi-
men. We, therefore, assume that the management of insulin 
therapy may not have been optimal.

Criteria for the control of steroid‑induced 
hyperglycaemia

Patients who fulfilled the set criteria for adequate SIH con-
trol were in minority (9 patients; 16.4%) (Table 2). Taking a 
look at each criterion separately, apparently more emphasis 
was given on reducing pronouncedly elevated BG levels, 
as more patients (22 patients; 40.0%) met the 2nd criterion 
compared to the 1st (10 patients; 18.2%) or the 3rd criterion 
(14 patients; 25.5%). We conclude that in the large majority 
of patients, particularly in the group with pre-existing DM, 
SIH control could have been optimised, either by adjusting 
insulin dosing more promptly, or potentially changing anti-
diabetic regimen. Undertreatment of SIH has been a recog-
nised issue also in previous studies [19]. A hospital protocol 
for the treatment of SIH has been developed at the Univer-
sity Clinic Golnik during the study, which may improve SIH 
control in the future (Supplementary Fig. 1).

In previous studies, average BG levels, and, in some 
cases, hypoglycaemic events, were used to assess SIH 
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control [19, 29, 30], which in our opinion do not necessar-
ily demonstrate adequate management of hyperglycaemia. 
A patient with a mean BG level within the reference range 
might have had elevated BG levels on some readings and 
normoglycaemic or even hypoglycaemic levels on others. 
We have, therefore, defined a broader set of 4 criteria. There 
was no major difference in the number of patients that had 
adequate SIH control according to the 1st criterion (< 5 BG 
readings and < 20% of BG readings elevated) than accord-
ing to all 4 criteria (10 vs. 9 patients, respectively). Never-
theless, we suggest that at least 3 different criteria should 
be taken into account when assessing SIH to cover all the 
aspects of SIH control: first one defining the maximum 
number or proportion of hyperglycaemic events, second the 
number or proportion of hypoglycaemic events, and third 
one the target average BG levels.

Factors influencing the control of steroid‑induced 
hyperglycaemia

Older age, increased BMI and pre-existing DM have already 
been recognised as risk factors for SIH [14], and similar 
trends were observed in our study. The existing data regard-
ing factors influencing BG control once SIH has been identi-
fied is limited. Even though older age and higher BMI are 
known risk factors for the development of SIH [5, 23], we 
should not necessarily assume that the same relations exist 
for SIH control. Chertok Shacham et al. [19] found an insig-
nificant difference in mean BG levels during hospitalisation 
in patients treated with GC before hospitalisation in com-
parison to those who started receiving GC in the hospital. 
We did not confirm age, sex, or BMI to have an influence on 
SIH control. We only confirmed pre-existing DM and longer 
duration of treatment with low GC dose to have a signifi-
cant influence on SIH control (Table 3 and Suppl. Table 1). 
We speculate that treatment with low GC dose may have 
prompted less attention in relation to adjusting antidiabetic 
therapy to BG levels, which resulted in lower SIH control 
compared to the treatment with high dose of GC. These 
results may support the Joint British Diabetes Societies 
guidelines stating that clinical vigilance is recommended, 
at least initially, in patients taking any GC dose [18].

Study limitations

Patients with different types and severity of lung disease 
were included, which required different daily and cumu-
lative doses of GC. Due to the small number of patients 
included, subanalyses based on different indications for 
GC treatment were not feasible, although these may have 
influenced both SIH occurrence and control. We did not 
evaluate patients on long-term and short-term therapy with 
GC as subgroups. On the other hand, duration of overall 

GC treatment, high-dose GC treatment, and low-dose GC 
treatment during hospitalisation, as well as GC treatment 
prior to admission, were assessed separately as risk factors 
for inadequate SIH control.

Other potential causes of hyperglycaemia, such as 
comorbidities and concurrent medications, have not been 
investigated. Due to the retrospective nature of the study, 
we had no influence on BG monitoring and hyperglycae-
mia treatment. If BG readings had been taken more regu-
larly, the incidence of SIH might have been higher and 
the average BG levels, especially at bedtime, might have 
been different. Finally, we did not monitor patients after 
discharge to distinguish the newly discovered DM from 
transient SIH in confounding cases.

We recognise that for certain groups of patients a strict 
BG control is not required. The Joint British Diabetes 
Societies guidelines state that BG levels > 12 mmol/l are 
justified in patients at the end of life and those who may 
have serious consequences from hypoglycaemic events 
(patients with dementia; confused; frail elderly patients; 
people with high risk of falls) [18]. To exclude the criti-
cally ill patients, for whom the established criteria for 
SIH control may be unreasonably strict, our study was 
not conducted in the intensive care unit and the units for 
tuberculosis and lung cancer. Nevertheless, patients not 
necessarily requiring tight glycaemic control may have 
been treated on other units and were, therefore, included 
in the study.

Conclusion

The results of this retrospective study demonstrated a lower 
than anticipated incidence of SIH (21.2%) in hospitalised 
patients with or without pre-existing DM, which may have 
partly been due to irregular BG monitoring. Afternoon or 
evening BG readings should be performed on a regular basis 
in the first days of treatment with GC to identify SIH. We 
suggest a set of criteria for the assessment of SIH control 
during hospitalisation, taking into account the number or 
proportion of both hyperglycaemic and hypoglycaemic 
events, as well as mean BG levels. Pre-existing DM and 
longer duration of treatment with low GC dose were factors 
significantly associated with poorer glycaemic control. Opti-
mal treatment of SIH remains a challenge. A comprehensive 
guidance for the management of SIH would be beneficial to 
reduce risks related to SIH in the future.
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