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Abstract
Background: Glucocorticoid (GC)-induced hyperglycemia is a frequent adverse effect in hospitalized patients.
Guidelines recommend insulin treatment to a target range of 6–10 mmol/L (108–180 mg/dl), but efficacies of
particular regimes have not been well-studied.
Methods: In this retrospective cohort study, hospitalized patients receiving GCs at the medical ward were analyzed
by treatment (basal-bolus vs. bolus-only vs. pre-mixed insulin) and compared to a non-insulin-therapy reference
group. Coefficients of glucose variation (CV), percentage of glucose readings in range (4–10 mmol/L (72–180 mg/
dl)) and hypoglycemia (< 4 mmol/L (< 72 mg/dl)) were evaluated.
Results: Of 2424 hospitalized patients receiving systemic GCs, 875 (36%) developed GC-induced hyperglycemia. 427
patients (17%) had a previous diagnosis of diabetes. Adjusted relative risk ratios (RRR) for the top tertile of CV (>
29%) were 1.47 (95% Cl 1.01–2.15) for bolus-only insulin, 4.77 (95% CI 2.67–8.51) for basal-bolus insulin, and 4.98
(95% CI 2.02–12.31) for premixed insulin, respectively.
Adjusted RRR for percentages of glucose readings in range were 0.98 (95% Cl 0.97–0.99) for basal-bolus insulin, 0.99
(95% Cl 0.98–1.00) for premixed insulin, and 1.01 (95% Cl 1.00–1.01) for bolus-only insulin, respectively. Adjusted RRR
for hypoglycemia was 13.17 (95% Cl 4.35–39.90) for basal-bolus insulin, 8.92 (95% Cl 2.60–30.63) for premixed
insulin, and 2.99 (95% Cl 1.01–8.87) for bolus-only insulin, respectively.
Conclusions: Current guidelines recommend a basal-bolus regimen for treatment of GC-induced hyperglycemia,
but we found similar outcomes with pre-mixed and bolus-only insulin regimens. As GC-induced hyperglycemia is a
frequent issue in hospitalized patients, it might be reasonable to prospectively study the ideal regimen.
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Background
Glucocorticoids (GCs) are used therapeutically to treat
various diseases due to their immunosuppressive effect
[1]. Despite their benefits, adverse effects are common.
GC-induced hyperglycemia has an approximate incidence of 30% [2]. It is caused by several mechanisms including insulin resistance, increased gluconeogenesis
and beta-cell dysfunction [3]. In-hospital hyperglycemia
is generally associated with several adverse events such
as higher in-hospital mortality, increased length of stay,
and transfer to intensive care units [4]. Therefore, optimized diabetes therapy is crucial.
The current guidelines for the treatment of in-hospital
hyperglycemia also cover the management of GCinduced hyperglycaemia. As such, the same target range
and management is proposed as for all other causes of
in-hospital hyperglycemia [5]. Over the last 10 years, the
guidelines have changed from a rather tight control of
blood glucose levels to modified regimens with at the
lower ranges.
This change of paradigm is based on studies showing
that a tight control, albeit leading to fewer infections,
has no benefits in terms of mortality, myocardial infarction or stroke [5]. Adversely, stricter control entails an
increased risk of hypoglycemia [5–7]. For persistent GCinduced hyperglycemia, basal-bolus insulin therapy is
recommended [7, 8].
Hence, we retrospectively investigated different treatment strategies in hospitalized patients with GC-induced
hyperglycemia. We were especially interested whether
glucose control and hypoglycemia differed depending on
the treatment strategy.
Methods
Setting and patients

This was a retrospective observational study conducted
at the Medical University Clinic in Aarau, Switzerland.
The retrospective analysis was done using electronic
health record (EHR) data from hospitalized patients
treated with GCs between January 2014 and April 2018.
The Ethics Committee (EKNZ, Ethics Committee of
Northwestern and Central Switzerland) approved the
study (No. 2018–01271). The study adheres to the principles of the Declaration of Helsinki and to the STROBE
statement. Written informed consent from each patient
for the use of EHR data for research was granted by
January 1st 2018, as required by local legislation. The
Ethics Committee approved use of retrospective data for
this analysis in the time frame prior to this date.
Inclusion criteria were age of at least 18 years, a hospital stay of at least 3 days, stay at a medical ward, administration of at least 10 mg prednisolone (or its
equivalent), and for hospitalizations after January 1st
2018 general consent for the use of EHR. The sole
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exclusion criterion was a recurrent admission within 30
days of the index hospitalization. GC dose, indication for
GC administration, glucose measurements, insulin dosage, previous diagnosis and treatment of diabetes, and
hospital events were evaluated. Interviews conducted 30
days after discharge for quality control reasons were
available for evaluation.
Standard of care at the studied hospital

At our center, the standard of care after GC administration included blood glucose measurements at 10:00 a.m.
and at 2:30 p.m. in order to screen for GC-induced
hyperglycemia. This includes a standardized electronic
insulin protocol with a low threshold of prescribing
bolus insulin, in order to cover meals with an assumed
additional need of insulin during GC administration, as
published elsewhere [9] and daily screening for hyperand hypoglycemia by endocrinology service is done on
weekdays. We also used a low threshold of prescribing
bolus insulin, in order to cover meals with an assumed
additional need of insulin during GC administration [9].
If GC-induced hyperglycemia occurred, the subsequent treatment choice was made individually, based on
hypoglycemia risk, comorbidities, and patient resources
to administer the treatment regimen after discharge.
As a local standard, dosage of bolus insulin was adjusted to carbohydrate intake. Basal-bolus insulin usually
consisted of insulin detemir twice per day and a rapid
acting insulin analogue (insulin lispro or insulin aspart).
Typically, the amount of basal and bolus insulin was balanced evenly. In case of pre-mixed insulin treatment, a
50:50 mixture of insulin lispro protamine suspension
and insulin lispro injection (HUMALOG® Mix 50/50™ or
similar) was used. Two thirds of the total daily premixed
insulin dose was generally administred before breakfast,
while the remainder, one-third, was injected before
lunch.
Outcomes and endpoints

The objective of this study was to evaluate the differences
in glucose control between different treatment strategies
for GC-induced hyperglycemia. Primary endpoints were
glycemic variability, measured by coefficient of variation
(CV), percentage of glucose values in the range of 4–10
mmol/L (72–180 mg/dl), and hypoglycemia below 4.0
mmol/L (72 mg/dl). Secondary endpoints were cumulative
GC-dose, duration of GC administration, indication for
GC administration, mean glucose values and mean insulin administration per patient according to body
weight and day.
Hypothesis

We hypothesized that due to individualized treatment,
the differences in blood glucose control between the
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different treatment regimens would be small, but that
hypoglycemia rate and CV would be higher in more
intensly treated groups.
Statistical analysis

Discrete variables are expressed as counts (percentages)
and continuous variables either as means and standard
deviations (SD) or as medians and interquartile ranges
(IQR).
Continuous variables were analyzed using ANOVA
(Analysis of Variance) or Wilcoxon rank-sum test. Categorical and binary variables were analyzed using Chisquare test.
The following three treatment groups were compared
to a no insulin treatment reference group: bolus-only insulin, basal-bolus insulin, and premixed insulin.
We evaluated associations between treatment strategy,
blood glucose control, and outcomes using a multinomial (polytomous) logistic regression model taking
the no insulin treatment group as reference. First, we
calculated an unadjusted model, one for each of the
three outcomes glycemic variability (glucose CV), percentage of glucose values in range, and hypoglycemia.
The CV for glycemic variability was evenly distributed
into tertiles and compared to the first tertile as
reference.
In a second model, we adjusted each of the outcomes
for length of hospital stay (LOS), glucose levels at hospital entry, age, Charlson Comorbidity Index [10], cumulative GC-dose per kilogram of body weight per GC
administration day, GC-induced hyperglycemia, and preexisting diabetes.
Significance level was set to an alpha of 5%. All statistical tests were two-sided. We performed no adjustment
for multiple testing. The data was analyzed using Stata
v15.1 (StataCorp, Texas, USA).
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GC dose was assessed as mg prednisolone equivalent per
kg body weight per GC administration day.
Reasons for GC administration were grouped as following: autoimmune/inflammation (neuroinflammatory
disease, rheumatologic disease including gout and vasculitis, allergology/dermatology, chronic inflammatory
bowel diseases, kidney transplantation, and glomerulonephritis), hemato-oncology (chemotherapy, antiemetics,
treatment of side effects or local tumor compression),
infection/pneumology (chronic obstructive pulmonary
disease (COPD), respiratory infections, sepsis) and endocrinology (mainly adrenal insufficiency).

Results
Baseline characteristics

Of the 25,183 hospitalized patients during the studied
time range, 16% of patients (n = 4060) received GCs of
at least 10 mg prednisolone equivalent. 1636 patients
had to be excluded from the study either due to a LOS
of less than 3 days (n = 986), no given general consent
(n = 109) or no follow-up interview (n = 541). Data from
2424 patients were available for analysis (see Fig. 1 for
study flow chart).
1123 (46%) were men, median age was 69 years (IQR
59–78), and 511 patients (21%) had a pre-existing diabetes (see Table 1 for baseline characteristics).
Median cumulative GC dose was 175 mg (IQR 100–
300) in patients with no insulin treatment, 245 mg (IQR
140–523) in patients with bolus-only insulin, 200 mg
(IQR 100–411) in patients with basal-bolus insulin, and
250 mg (IQR 145–525) in patients with premixed insulin. Duration of GC treatment was 4.0 (3.0–6.0) days for
patients with no insulin treatment, 5.0 (3.0–7.0) for
bolus-only insulin, 5.0 (3.0–7.0) days for basal-bolus insulin, and 6.0 (4.0–8.0) days in patients with premixed
insulin, respectively.

Definitions

GC-induced hyperglycemia was defined as morning fasting blood glucose of > 7.0 mmol/L (126 mg/dl) or a random blood glucose of > 11.0 mmol/L (198 mg/dl) after
the start of GCs. Normoglycemia was defined as fasting
blood glucose of 7.0 mmol/L (126 mg/dl) or lower, and
random or postprandial blood glucose readings of 11.0
mmol/L (198 mg/dl) or lower. GC-induced diabetes was
defined by fulfilling the above criteria without a preexisting diabetes. Day 1 was defined as the first day of GC
administration. Glycemic variability was calculated as
CV = SD/mean*100. The percentage of glucose values in
range was defined as the number of finger stick glucose
measurements between 4.0–10.0 mmol/L (72–180 mg/
dl). Any blood glucose < 4 mmol/L (< 72 mg/dl) was defined as hypoglycemia. Severe hypoglycaemia was defined as blood glucose < 2.5 mmol/L (< 45 mg/dl). The

Fig. 1 STROBE study flow diagram
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Table 1 Baseline Characteristics*

Male sex

Total

Basal & bolus insulin

Pre-mixed insulin only

Bolus only

No insulin therapy

N = 2424

N = 277

N = 122

N = 652

N = 1373

1123 (46.3%)

115 (41.5%)

48 (39.3%)

306 (46.9%)

654 (47.6%)

p-value

0.11

Age

69.4 (59.0–77.7)

70.0 (61.7–77.0)

74.6 (65.7–81.8)

70.4 (59.2–77.5)

68.2 (56.8–77.7)

< 0.001

BMI [kg/m2]

25.2 (22.1–29.0)

27.4 (24.3–32.6)

26.2 (24.0–30.2)

25.7 (22.4–29.9)

24.5 (21.4–27.9)

< 0.001

Cumulative GC-dose, mg†

200.0 (100.0–375.0)

200.0 (100.0–411.2)

250.0 (145.0–525.0)

245.0 (140.0–522.5)

175.0 (100.0–300.0)

< 0.001

GC dose dose, mg per day†

50.0 (27.5–76.6)

50.0 (26.9–70.2)

50.0 (25.0–81.2)

50.0 (35.0–88.9)

50.0 (25.0–75.0)

< 0.001

Duration of GC administration, days

5.0 (3.0–7.0)

5.0 (3.0–7.0)

6.0 (4.0–8.0)

5.0 (3.0–7.0)

4.0 (3.0–6.0)

< 0.001

Length of stay, days

8.0 (5.0–14.0)

10.0 (6.0–16.0)

10.0 (6.0–15.0)

8.0 (5.0–13.0)

8.0 (5.0–13.0)

< 0.001

< 0.001

Indication for GC administration
-

Autoimmune/Inflammation

816 (33.7%)

99 (35.7%)

51 (41.8%)

220 (33.7%)

446 (32.5%)

-

Oncology

667 (27.5%)

60 (21.7%)

23 (18.9%)

149 (22.9%)

435 (31.7%)

-

Infection/Pneumology

825 (34.0%)

101 (36.5%)

42 (34.4%)

253 (38.8%)

429 (31.2%)

-

Endocrinology

116 (4.8%)

17 (6.1%)

6 (4.9%)

30 (4.6%)

63 (4.6%)

Charlson Comorbidity Index

2.0 (1.0–4.0)

2.0 (1.0–3.0)

2.0 (1.0–3.0)

2.0 (1.0–3.0)

2.0 (1.0–4.0)

0.37

Pre-existing diabetes

511 (21.1%)

216 (78.0%)

84 (68.9%)

157 (24.1%)

54 (3.9%)

< 0.001

*The “no insulin treatment” group served as reference group
† given as prednisone equivalent in mg
GC: Glucocorticoid
Data are presented as median (IQR) for continuous measures, and n (%) for categorical measures

Preexisting diabetes was present in 54 (4%) patients
without insulin, 157 (24%) patients with bolus-only insulin, 216 (78%) patients with basal-bolus insulin, and 84
(69%) patients with premixed insulin.
Overall, 875 (36%) patients developed GC-induced
hyperglycemia. 488 (18%) patients in total developed a
new-onset GC-induced diabetes, of which 144 (10%) did
not receive an insulin treatment, 229 (35%) patients had

bolus-only insulin, 41 (14%) patients had basal-bolus insulin, and 34 (35%) premixed insulin (see also Table 2).
Glucose levels, insulin dosing, and hyperglycemia

Mean fasting blood glucose value was 5.7 mmol/L (IQR
5.2–6.47) with no insulin treatment, 5.9 mmol/L (5.33–
6.80) with bolus-only insulin, 7.91 mmol/L (IQR 6.35–
9.57) with basal-bolus insulin, and 7.37 mmol/L (IQR

Table 2 Glucose levels and insulin dosing
Total

Basal & bolus insulin

Pre-mixed insulin only

Bolus only

No insulin therapy*

N = 2424

N = 277

N = 98

N = 652

N = 1397

No. of Glucose readings per patient

5.00 (0.00–12.00)

22.00 (13.00–31.00)

19.50 (12.00–28.00)

9.00 (6.00–14.00)

0.00 (0.00–4.00)

< 0.001

Glucose coefficient of variation

0.25 (±0.10)

0.33 (±0.09)

0.33 (±0.11)

0.24 (±0.09)

0.21 (±0.08)

< 0.001

†

p-value

66.67 (42.86–83.33)

34.78 (21.43–55.56)

42.86 (30.00–65.62)

71.43 (50.00–86.67)

75.00 (53.85–100.00)

< 0.001

Mean fasting glucose day 1–7

6.14 (5.40–7.30)

7.91 (6.35–9.57)

7.37 (6.44–9.15)

5.90 (5.33–6.80)

5.70 (5.20–6.47)

< 0.001

Mean preprandial glucose day 1–7§

8.46 (7.29–10.70)

11.55 (9.35–13.12)

10.98 (8.91–12.24)

8.20 (7.05–9.79)

7.60 (6.81–8.37)

< 0.001

Mean postprandial glucose day 1–7||

8.50 (7.20–10.38)

11.04 (9.15–13.47)

11.06 (9.10–13.30)

8.05 (7.05–9.44)

7.80 (6.70–8.90)

< 0.001

Hypoglycemia < 4.0 mmol/L

89 (3.67%)

53 (19.13%)

13 (13.27%)

18 (2.76%)

5 (0.36%)

< 0.001

Hypoglycemia < 2.5 mmol/L

8 (0.33%)

6 (2.17%)

1 (1.02%)

0 (0.00%)

1 (0.07%)

< 0.001

Mean insulin/patient/kg weight/day

0.07 (0.03–0.18)

0.21 (0.13–0.31)

0.21 (0.15–0.30)

0.04 (0.02–0.07)

0.12 (0.06–0.32)

< 0.001

Normoglycemia

1549 (63.90%)

27 (9.75%)

3 (3.06%)

295 (45.25%)

1224 (87.62%)

< 0.001
< 0.001

% of glucose readings in range

GC-induced hyperglycemia

875 (36.10%)

250 (90.25%)

95 (96.94%)

357 (54.75%)

173 (12.38%)

- New-onset GC-induced diabetes

448 (18.48%)

41 (14.80%)

34 (34.69%)

229 (35.12%)

144 (10.31%)

- Preexisting diabetes

427 (17.62%)

209 (75.45%)

61 (62.24%)

128 (19.63%)

29 (2.08%)

Data are presented as mean (±SD) or median (IQR) for continuous measures, and n (%) for categorical measures
* The “no insulin therapy” group served as a reference group
† Target range: 4–10 mmol/L (72–180 mg/dl)
‡ at 8:00 a.m.
§ at 12:00 p.m. and 6:00 p.m.
|| at 2:00 a.m., 10:00 a.m., 2:00 p.m., 8:00 p.m., 10:00 p.m.
CV: Coefficient of variation
GC: Glucocorticoid
Data are shown as n (%) or mean (SD) if not mentioned otherwise
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6.44–9.15) with premixed insulin. The CV of glucose
was 21% (±0.08%) for the no insulin treatment group,
24% (±0.09%) for bolus-only insulin, 33% (±0.09%) for
basal-bolus insulin, and 33% (±0.11%) for premixed insulin. The percentage of glucose values in range in the no
insulin treatment group was 75% (IQR 54–100%), 71%
(IQR 50–87%) with bolus-only insulin, 35% (IQR 21–
56%) with basal-bolus insulin, and 43% (IQR 30–66%)
with premixed insulin.
The incidence of hypoglycemia < 4.0 mmol/L was 5
patients (0.4%) in the no insulin treatment group, 18 patients (2.8%) with bolus-only insulin, 53 patients (19.1%)
with basal-bolus insulin, and 13 patients (13.3%) with
premixed insulin (see also Table 2).
Glycemic variability

The relative risk ratio (RRR) for a CV between 21 and
29% (middle tertile) in the unadjusted multinomial logistic regression was 1.53 (95% CI 1.17–2.00) with bolusonly insulin, 3.19 (95% Cl 1.96–5.20) with basal-bolus
insulin, and 3.78 (95% Cl 1.71–8.34) with premixed insulin. For CV over 29%, the RRR was 2.37 (95% Cl 1.70–
3.28) for bolus-only insulin, 20.62 (95% Cl 12.81–33.20)
for basal-bolus insulin, and 22.54 (95% Cl 10.71–47.47)
for premixed insulin.
In the adjusted model, the RRR for a CV of glucose
between 21 and 29% was 1.18% (95% Cl 0.88–1.60) for
bolus-only insulin, 1.76% (95% Cl 0.99–3.13) for basalbolus insulin, and 2.09% (95% Cl 0.83–5.26) for premixed insulin. For a CV of glucose > 29%, the RRR was
1.47 (95% Cl 1.01–2.15) with bolus-only insulin, 4.77
(95% Cl 2.67–8.51) with basal-bolus insulin, and 4.98
(95% Cl 2.02–12.31) with premixed insulin (see also
Fig. 2A and supplemental Table 1). The CV of glucose
was similar in patients with no insulin and bolus-only
insulin. But in the basal-bolus group and the premixed
insulin group, patients had similar but much higher CVs
of glucose (see supplemental Fig. 1).
Percentage of glucose readings in range

In the unadjusted multinominal logistic regression
model, the RRR for a glucose value in range was 1.00
(95% Cl 0.99–1.00) with bolus-only insulin, 0.96 (95% Cl
0.95–0.96) with basal-bolus insulin, and 0.97 (95% Cl
0.96–0.97) with premixed insulin.
In the adjusted model, the RRR for a glucose value in
range was 1.01 (95% Cl 1.00–1.01) with bolus-only insulin, 0.98 (95% Cl 0.97–0.99) with basal-bolus insulin, and
0.99 (95% Cl 0.98–1.00) with premixed insulin. The
RRRs for percentage of glucose values in range in both
GC-induced diabetes and preexisting diabetes were significantly higher with all three insulin treatments. (for
detailed values, see Fig. 2B and supplemental Table 1).
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Rate of hypoglycemia

In the unadjusted multinominal logistic regression
model, the RRR for hypoglycaemia was 7.90 (95% Cl
2.92–21.38) with bolus-only insulin, 65.87 (95% Cl
26.05–166.57) with basal-bolus insulin, and 42.83 (95%
Cl 14.83–112.21) with premixed insulin.
In the adjusted model, the RRR was 2.99 (95% Cl
1.01–8.87) with bolus-only insulin, 13.17 (95% Cl 4.35–
39.90) with basal-bolus insulin, and 8.92 (95% Cl 2.60–
30.63) with premixed insulin. The RRRs for GC induced
diabetes and preexisting diabetes were significantly
higher with all three insulin treatments. (see Fig. 2C and
supplemental Table 1 for detailed values). Hypoglycemia
was more frequent with higher CV of glucose (see supplemental Fig. 2).

Discussion
In this retrospective observational study, we found that
patients with higher glycemic variability tended to have
lower glucose values in target range and had a higher
relative risk of hypoglycemic events. These two characteristics were more prominent in patients who received
basal-bolus or premixed insulin than in patients who received bolus insulin with meals or for correction only.
When comparing basal-bolus insulin with premixed insulin, glucose variability was similar, but the premixed
insulin group had an 8% higher percentage of glucose
values in the target range, alongside a trend towards a
lower risk of hypoglycemia (19.1% vs. 13.3%). Although
mean insulin per patient was 0.12 E/kg body weight, patients in the bolus-only group needed just 0.05 E/kg of
body weight, whereas patients in the basal-bolus group
and the premixed insulin group needed 0.23 E/kg body
weight and 0.24 E/kg body weight, respectively. As a
limitation, we cannot exclude that this allegedly favorable effect of premixed insulin was based on a preselection of suitable patients. Guidelines for hospital
hyperglycemia recommend basal-bolus insulin for hyperglycemia but state that for short duration of GCs prandial insulin or intermediate-acting insulin may be
sufficient, while more severe hyperglycemia may need to
be treated with more complex insulin regimens [7, 8].
Several randomized controlled trials (RCTs) [11–13] and
a recent systematic review [14] advocate premixed or
intermediate-acting insulin. The rationale for premixed
or intermediate-acting insulin is based on the pharmacologic effect of prednisone on glucose metabolism, the
most frequently used GC. Prednisone is generally expected to have a 16-h effect, with a peak after 4–6 h,
with low morning glucose, high postprandial values due
to glucose intolerance, and a decreasing effect of insulin
resistance after 16 h, i.e. in the evening, with a predisposition to evening or nocturnal hypoglycemia [14]. Lakhani
et al. showed that with an additional correction
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Fig. 2 A Coefficient of glucose variation according to treatment group. B Percentage of glucose readings in range according to treatment group.
C Risk of hypoglycemia according to treatment group
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accounting for dose, type of GC, and patient body
weight, better glucose control is possible [15].
Two RCTs investigated the additional use of oral antidiabetics in hospitalized patients with GC-induced
hyperglycemia [16, 17]. Long-term data of metformin for
the prevention of metabolic complications of GCs have
shown some benefits [18, 19], but feasibility in hospitalized patients has only been investigated in a small trial
[17]. For mild GC-induced hyperglycemia, metformin or
other oral antidiabetics are promising, although further
studies are warranted to show not only safety, but also a
beneficial short-term effect. Our own data were too
heterogenous to assess the effect of oral antidiabetics on
glucose control.
Limitations and strengths

Our work has several limitations. These result primarily from the fact that the data were from a single
center with similar providers and standard operating
procedures, thus these standard operating procedures
without randomized treatment allocation may have
led to confounding by indication. There is also a risk
of residual bias from unmeasured factors. Therefore,
our results should be interpreted with caution and
should serve as the basis for designing a thorough
randomized controlled trial. In addition, the relatively
small number of patients diagnosed with GC-induced
diabetes prohibits a separate analysis of this subgroup.
In addition, the fact that blood glucose levels were
measured only twice per day is certainly a limitation.
It is possible that hypoglycemia could almost have
been noticed earlier and could have been treated or
prevented earlier. The relatively small number of patients also resulted in a wide confidence interval.
Therefore, the results must be interpreted with caution when comparing the groups.
One strength of this study lies in the relatively large
number of complete data sets for analysis and that it
bases on real-life data, despite its retrospective character.
Another strength is that it is one of the first comprehensive reviews investigating associations between treatment
strategy, blood glucose control and outcomes.

Conclusions
We found two phenotypes of GC-induced hyperglycemia: a milder type which may be treated with no or
low doses of insulin, and a severe type which requires
basal-bolus or premixed insulin. In the severe type,
basal-bolus and premixed insulin were similarly efficient
for achieving treatment targets. Current guidelines recommend a basal-bolus regimen for treatment of GCinduced hyperglycemia. As GC-induced hyperglycemia is
a frequent issue in hospitalized patients, it might be reasonable to prospectively study the ideal regimen. We are

Page 7 of 8

aware that the results of our retrospective work can be
used to influence practice. However, they can guide
planning of a sufficiently powered randomized controlled trial which in turn provides reassuring evidence
to influence guidelines for patients GC-induced
hyperglycemia.
Abbreviations
COPD: Chronic obstructive pulmonary disease; CV: Coefficient of variation,
calculated as SD/mean*100%; GC: Glucocorticoid; EHR: Electronic health
record; LOS: Length of hospital stay; RCT: Randomized controlled trial;
RRR: relative risk ratios; SD: Standard deviation

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12902-021-00914-3.
Additional file 1: Supplemental Table 1. Results of the unadjusted
and adjusted multinomial logistic regression. Supplemental Fig. 1.
Glucose variability according to treatment strategy. Supplemental
Fig. 2. Glucose variability in patients with and without hypoglycemia.
Acknowledgements
We gratefully thank Manuela Stadelmann and Christina Obrecht for
assistance with English writing and Catherine Merkofer for her support.
Authors’ contributions
CAB, ND and TS designed the study and wrote the protocol and the analysis
plan. ND, SG, TM, and CB did data gathering and cleaning. FM, CCS, KK, JFH
and TS analysed the data, CAB, FM, TS; CCS, KK, and JFH drafted the
manuscript. PS and BM gave expert, financial and staff support. All authors
read and approved the final manuscript.
Funding
CAB has received a grant from the Helmut Horten Foundation for this study.
The funders had no role in the study design, collection, analysis, and
interpretation of data or in writing the manuscript.
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The Ethics Committee (EKNZ, Ethics Committee of Northwestern and Central
Switzerland) approved the study (No. 2018–01271). Written informed consent
from each patient for the use of EHR data for research was granted by
January 1st 2018, as required by local legislation. The Ethics Committee
approved use of retrospective data for this analysis in the time frame prior to
this date.
Consent for publication
N/A
Competing interests
CAB has received travel funding from Novo Nordisk and participated in an
advisory board meeting for Tolvaptan for Otsuka Pharmaceutical Switzerland.
All other authors report no copeting interests.
Received: 14 July 2021 Accepted: 7 December 2021

References
1. Rhen T, Cidlowski JA. Antiinflammatory action of glucocorticoids--new
mechanisms for old drugs. N Engl J Med. 2005;353(16):1711–23. https://doi.
org/10.1056/NEJMra050541.

Merkofer et al. BMC Endocrine Disorders

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

(2022) 22:8

Liu XX, Zhu XM, Miao Q, Ye HY, Zhang ZY, Li YM. Hyperglycemia induced
by glucocorticoids in nondiabetic patients: a meta-analysis. Ann Nutr Metab.
2014;65(4):324–32. https://doi.org/10.1159/000365892.
van Raalte DH, Ouwens DM, Diamant M. Novel insights into glucocorticoidmediated diabetogenic effects: towards expansion of therapeutic options?
Eur J Clin Investig. 2009;39(2):81–93. https://doi.org/10.1111/j.1365-2362.2
008.02067.x.
Umpierrez GE, Isaacs SD, Bazargan N, You X, Thaler LM, Kitabchi AE.
Hyperglycemia: an independent marker of in-hospital mortality in patients
with undiagnosed diabetes. J Clin Endocrinol Metab. 2002;87(3):978–82.
https://doi.org/10.1210/jcem.87.3.8341.
Murad MH, Coburn JA, Coto-Yglesias F, Dzyubak S, Hazem A, Lane MA, et al.
Glycemic control in non-critically ill hospitalized patients: a systematic
review and meta-analysis. J Clin Endocrinol Metab. 2012;97(1):49–58. https://
doi.org/10.1210/jc.2011-2100.
Investigators N-SS, Finfer S, Chittock DR, Su SY, Blair D, Foster D, et al.
Intensive versus conventional glucose control in critically ill patients. N Engl
J Med. 2009;360(13):1283–97. https://doi.org/10.1056/NEJMoa0810625.
American DA. 15. Diabetes Care in the Hospital: standards of medical Care
in Diabetes-2019. Diabetes Care. 2019;42(Suppl 1):S173–S81. https://doi.
org/10.2337/dc19-S015.
Umpierrez GE, Hellman R, Korytkowski MT, Kosiborod M, Maynard GA,
Montori VM, Seley JJ, van den Berghe G, Endocrine Society. Management of
hyperglycemia in hospitalized patients in non-critical care setting: an
endocrine society clinical practice guideline. J Clin Endocrinol Metab 2012;
97(1):16–38, DOI: https://doi.org/10.1210/jc.2011-2098.
Nussbaumer R, Schuetz P, Mueller B, Thomann R, Borm AK. Evaluation of a
Standardized Inpatient Insulin Therapy Based on Electronic Insulin Dose
Calculation - A before after Cohort Proof of Concept Study. International
Journal of Diabetes and Clinical Research. 2016;3(2).
Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis. 1987;40(5):373–83. https://doi.org/10.1016/0021-9681(87)901
71-8.
Radhakutty A, Stranks JL, Mangelsdorf BL, Drake SM, Roberts GW,
Zimmermann AT, et al. Treatment of prednisoione-induced hyperglycemia
in hospitalized patients: Insights from a randomized-controlled study.
Endocrine reviews. 2017;38(3).
Gerards MC, de Maar JS, Steenbruggen TG, Hoekstra JBL, Vriesendorp TM,
Gerdes VEA. Add-on treatment with intermediate-acting insulin versus
sliding-scale insulin for patients with type 2 diabetes or insulin resistance
during cyclic glucocorticoid-containing antineoplastic chemotherapy: a
randomized crossover study. Diabetes Obes Metab. 2016;18(10):1041–4.
https://doi.org/10.1111/dom.12694.
Ruiz de Adana MS, Colomo N, Maldonado-Araque C, Fontalba MI, Linares F,
García-Torres F, Fernández R, Bautista C, Olveira G, de la Cruz JL, RojoMartínez G, Valdés S Randomized clinical trial of the efficacy and safety of
insulin glargine vs. NPH insulin as basal insulin for the treatment of
glucocorticoid induced hyperglycemia using continuous glucose
monitoring in hospitalized patients with type 2 diabetes and respiratory
disease. Diabetes Res Clin Pract 2015;110(2):158–165, DOI: https://doi.org/1
0.1016/j.diabres.2015.09.015.
Radhakutty A, Burt MG. Management of endocrine disease: Critical review of
the evidence underlying management of glucocorticoid-induced
hyperglycaemia. Eur J Endocrinol. 2018.
Lakhani OJ, Kumar S, Tripathi S, Desai M, Seth C. Comparison of two
protocols in the management of glucocorticoid-induced hyperglycemia
among hospitalized patients. Indian J Endocrinol Metab. 2017;21(6):836–44.
https://doi.org/10.4103/ijem.IJEM_226_17.
Gerards MC, Venema GE, Patberg KW, Kross M, Potter van Loon BJ,
Hageman IMG, et al. Dapagliflozin for prednisone-induced hyperglycaemia
in acute exacerbation of chronic obstructive pulmonary disease. Diabetes
Obes Metab 2018;20(5):1306–1310, DOI: https://doi.org/10.1111/dom.13209.
Hitchings AW, Lai D, Jones PW, Baker EH. Metformin in severe exacerbations
of chronic obstructive pulmonary disease: a randomised controlled trial.
Thorax. 2016;71(7):587–93. https://doi.org/10.1136/thoraxjnl-2015-208035.
Seelig E, Meyer S, Timper K, Nigro N, Bally M, Pernicova I, et al. Metformin
prevents metabolic side effects during systemic glucocorticoid treatment.
Eur J Endocrinol. 2017;176(3):349–58. https://doi.org/10.1530/EJE-16-0653.

Page 8 of 8

19. Pernicova I, Kelly S, Ajodha S, Sahdev A, Bestwick JP, Gabrovska P, et al.
Metformin to reduce metabolic complications and inflammation in patients
on systemic glucocorticoid therapy: a randomised, double-blind, placebocontrolled, proof-of-concept, phase 2 trial. Lancet Diabetes Endocrinol. 2020;
8(4):278–91. https://doi.org/10.1016/S2213-8587(20)30021-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

