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Abstract: Background: Glucocorticoid (GC)-induced hyperglycemia is a frequent side effect in
hospitalized patients. Guidelines recommend treat-to-target treatment between 6-10 mmol/L
(108-180 mg/dL) with insulin, but data on outcome is scarce. We investigated the 30-day outcome in
hospitalized patients receiving GCs. Methods: All patient records of hospitalized patients between
January 2014 and April 2018 were screened for GC administration and consecutive hyperglycemia.
The primary combined endpoint consisted of death, cardiovascular events, and infections until 30 days
after admission. Hypoglycemia was a secondary outcome. Results: Of the 2424 hospitalized patients
(9.6% of all hospitalized patients) who received systemic GCs and met inclusion criteria, the overall
incidence for GC-induced hyperglycemia was 812 (33.5%), and 89 (3.7%) had at least one documented
hypoglycemia during their hospital stay. Compared to patients with normoglycemia, GC-induced
hyperglycemia had an adjusted-odds ratio of 1.68 (95% CI 1.25-2.26) for the combined primary
endpoint. Hypoglycemia even had an odds ratio of 1.95 (95% CI 1.2-3.17). Conclusions: Mortality,
cardiovascular events, and rate of infections were markedly higher in patients with GC-induced
hyperglycemia as compared to patients with normoglycemia. Importantly, hypoglycemia was
associated with a doubled risk for adverse outcome. Future studies should evaluate whether
optimized glucose control by minimizing the risk for hypoglycemia has a beneficial effect on clinical
outcomes in patients with GC-induced hyperglycemia.

Keywords: glucocorticoid-induced hyperglycemia; glucocorticoid-induced diabetes; outcome;
cardiovascular events; mortality; infection; hypoglycemia

1. Introduction

Glucocorticoids (GCs) are frequently used as anti-inflammatory agents [1], and their use has
recently massively increased in patients with COVID-19 [2]. About 30% of patients treated with GCs
will develop GC-induced hyperglycemia [3-5].

Until recently, guidelines recommended treat-to-target insulin with narrow target glucose levels
for all hospitalized patients [6], due to the allegedly marked effect of the intensive care study by van
den Berghe et al. [7]. Subsequent studies contrasted these findings in the presence of frequent, insulin
-induced hypoglycemias [8]. The benefit of tight glucose control is even less clear in patients outside the
ICU. Benefits of tight glucose control have only been shown for postoperative infection rate in surgical
patients [9,10]. Target levels for general in-hospital hyperglycemia have been gradually increased to
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7.8-10.0 mmol/L (140-180 mg/dL) until 2018 [8,11,12] due to the risk of hypoglycemia, which has been
associated with increased cardiovascular events and mortality [6,13-16].

There are few studies which specifically focus on treatment of GC induced hyperglycemia,
and most prospective studies investigate glucose control with different insulin regimens [5,12,17,18].
There is no specific data on patient-related outcomes such as mortality or cardiovascular events in
patients with GC-induced hyperglycemia. These patients frequently receive only short-term GCs and
therefore experience especially short-term hyperglycemia. Furthermore, the effect of treat-to-target
insulin on outcome in GC-induced hyperglycemia has not been shown.

We aimed to assess the 30-day outcome of hospitalized patients with GC-induced hyperglycemia.
We therefore investigated the incidence of adverse events (mortality, cardiovascular events, and infections)
in patients with GC-induced hyperglycemia in this retrospective study:.

2. Materials and Methods

This was a retrospective observational study. The local ethics committee (EKNZ, Ethics Committee
of Northwestern and Central Switzerland) approved the study (EKNZ 2018-01271). The study adheres
to the principles of the Declaration of Helsinki and to the STROBE statement [19].

Using the electronic medical charts and data of our clinical information system, we analyzed
data of hospitalized patients between 1 January 2014 and April 2018 at the Internal Medicine Ward
of a tertiary care hospital in Switzerland (Medical University Clinic, Kantonsspital Aarau, Aarau,
Switzerland), who were treated with GCs. Inclusion criteria were age of at least 18 years, hospitalization
for at least 3 days, and administration of at least 10 mg prednisolone equivalent per day. Exclusion
criteria were multiple hospitalizations if the consecutive hospitalization was within 30 days of the
index hospitalization. We assessed GC dose, indication for GC administration, glucose measurements,
insulin dosing, pre-existing diabetes diagnosis and treatment, rate of death, cardiovascular events,
infections within 30 days of admission, and rate of hypoglycemia while hospitalized. The 30-day
interviews were available from an ongoing quality assessment [20,21].

2.1. Definitions and Categorizations

GC-induced hyperglycemia was defined as either morning fasting blood glucose of >7.0 mmol/L
(126 mg/dL) or a random glucose measurement of >11.0 mmol/L (198 mg/dL) after the start of
GCs, regardless of pre-existing diabetes status. Normoglycemia was defined as fasting blood
glucose of 7.0 mmol/L (126 mg/dL) or lower, and random glucose of 11.0 mmol/L (198 mg/dL)
or lower [6,12,22]. GC-induced diabetes was defined if the above criteria for hyperglycemia were met
with no pre-existing diabetes.

The following events were counted as a cardiovascular event: cardio-ischemic event (acute
coronary syndrome), acute decompensated heart failure needing hospital admission, and ischemic
cerebrovascular event (acute stroke and transitory ischemic attack). Day 1 was defined as the first day
of GC administration.

Glycemic variability was calculated as the coefficient of variation (CV) of glucose as follows:

CV = SD/mean * 100%.

Mean glucose differences from peaks to nadirs (MAGE) were calculated as well [23].

The percentage of glucose readings in the range was defined as the number of finger-stick glucose
measurements between 4.0 and 10.0 mmol/L (72-180 mg/dL).

Hypoglycemia was defined as any blood glucose < 4.0 mmol/L (<72 mg/dL). GC dose was assessed
as milligram of prednisolone equivalent per kilogram of body weight per day.

Four groups for GC administration groups were formed.
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The Autoimmune/Inflammation group included the following diagnoses: neuroinflammatory
disease, rheumatologic autoimmune disease, gout, vasculitis, allergies, dermatologic indications,
chronic inflammatory bowel diseases, kidney transplants, and glomerulonephritis.

The hemato-oncology group included chemotherapy and antiemetic indications.

The infection/pneumology group included the following diagnoses: chronic obstructive pulmonary
disease (COPD), airway infections, sepsis, and ear, nose, and throat infections.

The endocrinology group included 92 patients (79%) with adrenal insufficiency or stress
prophylaxis, the remaining cases had hypercalcemia or amiodarone-induced toxicosis.

2.2. Endpoints

The objective of this study was to evaluate the outcome in hospitalized patients with GC-induced
hyperglycemia. The primary endpoint was the combined endpoint of 30-day mortality, cardiovascular
events, and infections. Secondary endpoints were each of the single items of the composite endpoint: 30-day
mortality, 30-day cardiovascular events, 30-day infections, and in addition, in-hospital hypoglycemia.

2.3. Hypothesis

We hypothesized that the risk of mortality, cardiovascular events, and infections would be higher
in the group with GC-induced hyperglycemia. We expected a higher rate of hypoglycemia in the group
of patients with GC-induced hyperglycemia due to the therapeutic use of insulin. A systematic review
and meta-analysis on glycemic control in non-critically ill patients by Murad et al. [9] found pooled
relative risk ratios for death, infection, myocardial infarction, and stroke of 0.85 (95% CI 0.58-1.26),
0.41 (95% CI10.21-0.77), 0.69 (95% CI 0.37-1.28), and 0.63 (95% CI 0.29-1.38), respectively. Based on
their findings, we performed a Chi-squared two-proportions power calculation assuming an alpha
level of 5%, an intervention group size of 812 with a rate ratio of 0.02, and a control group size of 1612
with a rate ratio of 0.039 (numbers based on Murad et al.), giving a power of 0.73.

2.4. Statistical Analysis

We did not use a test for normality such as the Shapiro-Wilk test, due to their tendency to give
false-positive results in large samples. Instead, we checked graphically by plotting histograms and
quantile—quantile plots. Discrete variables are expressed as counts (percentages) and continuous
variables as either means (SD) if normally distributed or medians (IQR) if non-normally distributed.
Continuous variables were analyzed using the Wilcoxon rank-sum test. Categorical and binary
variables were analyzed using Fisher’s exact test.

We have only performed analysis with complete cases. Thus, we did not perform any imputation
method for missing covariates, and cases with missing covariates were excluded from the multivariable
analysis. Over the course of the hospitalization, a mean number of three blood glucose measurements
per day was required.

Endpoints were evaluated by logistic regression modeling. First, three unadjusted models were fitted:

(A) between patients with GC-induced hyperglycemia and normoglycemia
(B) between patients with GC-induced diabetes and patients without diabetes who had normoglycemia
(C) between patients with pre-existing diabetes and patients with GC-induced diabetes

Then, these three models were adjusted for age and pre-existing comorbidities by the age-adjusted
Charlson Comorbidity Index, [24] by GC dose (mg prednisolone equivalent per kg body weight
per GC day), reasons for GCs, mean glucose, CV of glucose, percent of glucose values in range,
and hypoglycemia < 4.0 mmol/L (<72 mg/dL). The choice of adjusted variables was based on expert
opinion and a review of the literature. The variables chosen were identified by previous research as
important confounders [25-27].

An alpha level of 5% was deemed significant. Data was analyzed using Stata statistical software
(Stata/MP 15.1, Stata Corp., College Station, TX, USA).
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The hypoglycemic events were too rare for further evaluation in a regression model, but we
accounted for this secondary endpoint by adding it as a cofactor in the model for the other endpoints.

3. Results

Of the 25,183 patients hospitalized at the Medical University Clinic from 1 January 2014 to
26 April 2018, 4060 patients (16%) received GCs at a dose of at least 10 mg prednisolone equivalent per
day and were hospitalized for a minimum of three days. Out of these, in 2424 patients (9.6%), data was
available for evaluation (see Figure 1 for study flow chart).

25,183 Patients hospitalized in Medical University Clinic

01.01.14 - 26.04.18

21,123 excluded:

No Glucocorticoids or less than 10mg
prednisolone-equivalent per day

e N
1636 excluded:

- no general informed consent

- <3 days hospitalized

- no follow-up Interview
. J

2424 patient data-set analyzed

Figure 1. Study flow diagram.

Of the 2424 patients, 1123 (46%) patients were men, the mean age was 67 years (SD + 15),
and pre-existing diabetes was present in 511 patients (21%; see Table 1 for baseline characteristics and
Tables Al and A2 for detailed baseline characteristics per subgroup).

Eight hundred and twelve patients (33.5%) had GC-induced hyperglycemia, of which 399 had
GC-induced diabetes, and 413 had a pre-existing diabetes. 1612 patients remained normoglycemic,
of which 98 had a pre-existing diabetes. The rate of hypoglycemia was 9.6% (n = 78) in patients with
GC-induced hyperglycemia6 (see also Table 2). Mean GC dose (prednisolone equivalents/kg/day) was
higher in patients with GC-induced hyperglycemia (1.2 + 3.3 mg vs. 0.6 + 1.7 mg in normoglycemia),
and duration of GC treatment was longer (5.1 + 2.1 days vs. 4.4 + 2.2) in patients with GC-induced
hyperglycemia (see also Table 1).
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Table 1. Baseline characteristics.

50f 16

Patients with Hyperglycemia

Patients with Normoglycemia

All (n = 2424) (= 812) (n = 1612) p-Value
Male sex, 11 (%) 1123 (46%) 356 (44%) 767 (47%) 0.084
Age, y 66.8 (+15.07) 68.5 (+13.4) 65.9 (+15.78) <0.001
Body mass index, kg/m? 25.24 (22-30) 26.6 (23.4-31) 24.6 (21.5-28) <0.001
Mean glucocorticoid (GC) dose 1 0.84 (+£2.38) 1.22 (+3.3) 0.64 (+1.70) <0.001
Duration of GC administration (in days) 4.64 (£2.19) 512 (+£2.14) 44 (£2.17) <0.001
Length of stay, days 8.0 (5.0-14) 9 (6-15) 8 (5-13) <0.001
Indication for GC administration <0.001
Autoimmune-inflammatory 816 (33.7%) 300 (36.9%) 516 (32%)
Oncology 667 (27.5%) 175 (21.6%) 492 (30.5%)
Pneumology/Infectiology 825 (34%) 294 (36.2%) 531 (32.9%)
Endocrinology 2 116 (4.8%) 43 (5.3%) 73 (4.5%)
Comorbidities (Charlson Index) 2.0 (1.04.0) 2.04 (1.0-3.0) 2.0 (1.0-4.0) 0.71
Diabetes-related parameters
Glucose on admission 69 ((5155_55165)4;[;?;/1({1]]:/124 52 (?1\?_71_296;)1?3{“ a8 o4 (886_712)5?2;/1!&/115 <0.001
Mean glucose differences from peaks to nadirs (MAGE) 3.75 (£2.14) mmol/L 4.89 (+£2.18) mmol/L 240 (x1.01) <0.001
Glucose (coefficient of variation) 3 0.25 (x0.10) 0.30 (x0.10) 0.20 (+0.07) <0.001
Pre-existing diabetes 511 (21%) 413 (50%) 98 (6%) <0.001
Insulin pre-treatment (including type 1 and type 3c/pancreatogenic) 185 (7.6%) 173 (21.3%) 12 (0.74%) <0.001
Pre-treatment with glucose-lowering agents other than insulin 218 (8.9%) 178 (21.9%) 40 (2.48%) <0.001
Diabetes treated with dietary measures 108 (4.5%) 62 (7.64%) 46 (2.85%) <0.001

Data is shown as 7 (%) or mean/median (standard deviation or interquartile range) per group. 1 mean glucocorticoid GC dose is given as normalized GC dose in mg per prednisolone
equivalent per kg per day, defined in Section 2.1. Definitions and Categorizations. % of which 92 (79%) had adrenal insufficiency or stress prophylaxis in chronic GC use, the remainder had
hypercalcemia or amiodarone induced thyrotoxicosis, as defined in Section 2.1. Definitions and Categorizations. 3 coefficient of variation (CV) = SD/mean * 100%. GC: glucocorticoid.
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Table 2. Rate of hypoglycemia according to glycemia and diabetes status.

Hypoglycemia, No Hypoglycemia,

11 (%) (%) p-Value
All patients (n = 2424) 89 (3.7%) 2335 (96.3%)
Pﬁ;}fgrtgslvy"cliﬁc(;‘:d;f;;‘ 78 (9.6%) 734 (90.4%)
Patients with normoglycemia (n = 1612) 11 (0.7%) 1601 (99.3%) <0.001
Patients without pre-existing diabetes
(n =1913)
GC-induced diabetes (n = 399) 12 (3%) 387 (97%)
Normoglycemia (1 = 1514) 5(0.3%) 1509 (99.7%) <0.001
Patients with hyperglycemia (n = 812)
pre-existing diabetes (n = 413) 66 (16%) 347 (84%)
GC-induced diabetes (n = 399) 12 (3%) 387 (97%) <0.001

Data is shown as 7 (%). GC: glucocorticoid. Patients with normoglycemia were mostly not treated with insulin,
and their hypoglycemic glucose recordings were mostly fasting levels.

3.1. All Patients with GC-Induced Hyperglycemia vs. Normoglycemia

3.1.1. Primary Endpoint

Seven hundred and fifty-seven patients (31%) experienced the primary endpoint, 292 (36%) with
GC-induced hyperglycemia and 465 (29%) with normoglycemia (p < 0.001). In the unadjusted logistic
regression model, odds ratio (OR) for the primary endpoint was 1.39 (95% CI 1.16-1.66) in the case of
GC-induced hyperglycemia (see Table 3 for detailed results).

After adjusting for age, Charlson Comorbidity Index and GC dose, this effect increased to an OR of
1.68 (95% CI 1.25-2.26). Significant covariables were the Charlson Comorbidity Index (OR 1.09, 95% CI
1.04-1.14), percentage of glucose values in the range (OR 1.0, 95% CI 1.0-1.01), hypoglycemia (OR 1.95,
95% CI 1.2-3.17), and if indication for GCs were infectious or pneumological diseases, respectively
(OR 1.39, 95% CI 1.04-1.87) or endocrine diseases (79% adrenal insufficiency or stress prophylaxis due
to chronic GC use; OR 2.42, 95% CI 1.46—4.02; see also Table 4).

3.1.2. Secondary Endpoints

Overall mortality was 7.4%. Sixty-six patients (8.1%) died in the GC-induced hyperglycemia
group as compared to 113 (7.0%) in the normoglycemia group (p = 0.321).

In the unadjusted logistic regression model, mortality was not significantly different between
groups (OR 1.17, 95% CI 0.86-1.61), and the results remained similar (OR 1.14, 95% 0.68-1.91) when
adjusting for cofactors.

Significant covariables for mortality were age (OR 1.04, 95% CI 1.02-1.06, p < 0.0001), the Charlson
Index (OR 1.26, 95% CI 1.17-1.35, p < 0.0001), and oncologic or endocrine indication for GCs (oncology:
OR 2.46, 95% CI 1.25-4.85, p = 0.010; endocrinology: OR 2.72, 95% CI 1.09-6.78, p = 0.031).

Cardiovascular events occurred more often in patients with GC-induced hyperglycemia (n = 115,
14.2% vs. n = 162, 10.0% in normoglycemia, OR 1.48, 95% CI 1.14-1.91). In the adjusted model,
this effect remained significant (OR 1.57, 95% CI 1.02-2.4).

Independent factors for cardiovascular events were age (OR 1.02, 95% CI 1.01-1.04, p = 0.003),
the Charlson Index (OR 1.09, 95% CI 1.02-1.17, p = 0.015), and infectiology/pneumology indication for
GCs (OR 1.55, 95% CI 1.04-2.32, p = 0.032).
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Table 3. Main results of primary and secondary endpoints in patients with and without hyperglycemia.

7 of 16

GC-Induced . . 1
All (n = 2424) Hyperglycemia Normoglycemia OR (95% CI) p-Value Adj us:ed OR p-Value
(n =1612) (95% CI)
(n = 812)
Primary Endpoint

Combined endpoint: Death (30 days), ;57 310, 292 (36%) 465 (28.8%) 139 (1.16-1.66)  <0.001  1.68(1.25-2.26)  0.001

cardiovascular events, and infections

Secondary Endpoints

Death (30-days) 179 (7.4%) 66 (8.1%) 113 (7.0%) 1.17 (0.86-1.61) 0321  1.13(0.68-1.90) 0.63
Cardiovascular events 277 (11.4%) 115 (14.2%) 162 (10.0%) 1.48 (1.14-1.91) 0.003 1.56 (1.02-2.4) 0.040
Infections 498 (20.5%) 198 (24.3%) 301 (18.7%) 1.4 (1.15-1.72) 0001  156(1.12-2.18)  0.009

Data is shown as 11 (%) or mean/median (standard deviation or interquartile range) per group. ! adjusted for age, pre-existing comorbidities by the Charlson Comorbidity Index [28], GC dose
(mg prednisolone equivalent per kg body weight per GC day), indication for GCs, mean glucose, CV of glucose, percent of glucose values in the range, and hypoglycemia < 4.0 mmol/L

(<72 mg/dL). GC: glucocorticoid.



J. Clin. Med. 2020, 9, 4079 8 of 16

Table 4. Detailed results of the multivariable logistic regression model for the primary and
secondary endpoints.

Factor OR 95% CI p-Value
Hyperglycemia 1.68 1.25-2.26 0.001
Age 1.01 0.99-1.02 0.069
Charlson Comorbidity Index 1.09 1.04-1.14 <0.001
Coefficient of glucose variation 0.46 0.11-2.0 0.3
Percent of glucose in range 1.01 1.0-1.01 0.02
Hypoglycemia 1.95 1.20-3.17 0.007
Indication for GC administration
Oncology 1.35 0.92-1.97 0.122
Pneumology/Infectiology 1.39 1.04-1.87 0.027
Endocrinology ! 2.42 1.46-4.02 0.001
Mean glucose 1.03 1.0-1.07 0.050
GC dose 2 0.98 0.93-1.05 0.59

For the primary endpoint in patients with hyperglycemia, detailed results for the cofactors are shown. GC:
Glucocorticoids. ! of which 92 (79%) had adrenal insufficiency or stress prophylaxis in chronic GC use. 2 mean GC
dose is given as normalized GC dose in mg per prednisolone equivalent per kg per day.

The rate of infections was higher in patients with GC-induced hyperglycemia (1 = 198, 24.3% vs.
n =301, 18.7% in normoglycemia, OR 1.40, 95% CI 1.15-1.72). This effect remained significant after
adjusting for the above factors (OR 1.56, 95% CI 1.12-2.18). Independent factors for infections were
the percentage of glucose readings in the range (OR 1.01, 95% CI 1.0-1.01, p = 0.045), hypoglycemia
(OR 2.22, 95% CI 1.33-3.68, p = 0.002), endocrine indication for GCs (OR 1.82, 95% CI 1.04-3.18,
p = 0.036), and mean glucose (OR 1.05, 95% CI 1.02-1.09, p = 0.006), For detailed results, see Tables 3
and 4.

3.2. Patients with GC-Induced Diabetes vs. Normoglycemia

In the subgroup of patients with no pre-existing diabetes, the OR for reaching primary and
secondary endpoints was similar to the overall cohort (see Table A3 for detailed results).

Significant covariables for reaching the primary endpoint were the Charlson Comorbidity Index
(OR 1.12, 95% CI1.05-1.19), hypoglycemia (OR 3.98, 95% CI 1.38-11.47), and endocrine indication for
GCs (OR 2.8, 95% CI 1.47-5.37).

3.3. Patients with GC-Induced Diabetes vs. Pre-Existing Diabetes

There was no difference between the two groups for the primary combined endpoint (adjusted
OR 0.98, 95% CI 0.68-1.40), for cardiovascular events (adjusted OR 0.98 (95% CI 0.6-1.6), and infections
(adjusted OR 1.38, 95% CI10.92-2.06). However, the risk of death was significantly lower in patients with
pre-existing diabetes as compared to patients with GC-induced diabetes (OR 0.51, 95% CI 0.26-0.96,
p = 0.043; see Table A4 for detailed results).
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4. Discussion

In this single-center retrospective observational study, we found a rate of GC administration of
16% in in-hospital medical patients. In these patients, the incidence of GC-induced hyperglycemia
added up to 33%, which is in accordance with the incidence found in the literature [3,4]. We observed
an increased rate of mortality, cardiovascular events, and infections with an OR of 1.68 in GC-induced
hyperglycemia compared to patients with normoglycemia, namely in patients without pre-existing
diabetes. While especially cardiovascular events and infection rate were significantly increased,
the non-significant difference in overall mortality might be due to a lack of power for this secondary
endpoint or an absence of association.

The plausible mechanism by which short-term hyperglycemia might increase morbidity
and mortality is by inducing endothelial dysfunction and oxidative stress. It has been shown
that hyperglycemic excursions are associated with acute inflammation, endothelial dysfunction,
and atherosclerotic plaque instability [23,29], even in the case of short-term hyperglycemia [30].

Notably, when comparing patients with new-onset GC-induced diabetes with hyperglycemic
patients with pre-existing diabetes, the results were similar between the two groups. However,
mortality was significantly lower in the diabetes group, even though the rate of hypoglycemia was
higher. These results are supported by other studies, which showed less events in patients with
diabetes than in patients without diabetes. Patients with pre-existing diabetes may benefit from higher
glucose target ranges than those without diabetes [31,32].

Hypoglycemia is associated with overall mortality [33]. Hypoglycemia may trigger fatal cardiac
arrhythmia, cerebral seizures, or stroke. In addition, increased adverse events in association with
hypoglycemia may be a surrogate for more severe illness [14]. In our study, hypoglycemia was a strong
and significant covariable for reaching the primary endpoint. For the secondary outcomes, including
overall mortality, our study was most probably underpowered, albeit the results tended towards an
elevated risk.

We detected an increased risk for adverse events for the vulnerable group of patients receiving
GCs for stress prophylaxis, classified as endocrine diseases. This subgroup consisted of patients
with primary, secondary, or tertiary adrenal insufficiency. Recently, it has been shown that the
incidence and mortality of adrenal crisis has remained high and is potentially underestimated [34-36].
In this subgroup, GC administration, despite frequent side effects like hyperglycemia, is crucial for
patient outcome.

There is a large potential impact of our results on clinical practice due to the number of
affected patients and the extent of the effect in the hyperglycemia group [37]. The use of GCs
has recently increased massively due to favorable data in patients with COVID-19 [2]. However,
whether the outcome of GC-induced hyperglycemia is modifiable by the treatment of hyperglycemia
is unknown. Treatment of GC-induced hyperglycemia should avoid both high glucose variability
and hypoglycemia [12,31]. In patients with GC-induced hyperglycemia, there is an increased risk
for high glucose variability. Keeping blood glucose within range is an extraordinary challenge,
as GCs induce a pronounced postprandial hyperglycemia due to increased glucose intolerance and
insulin resistance [38]. Furthermore, the risk for hypoglycemia, especially at nighttime, is elevated
by the potential accumulation of daytime insulin, waning effect of glucocorticoids, and suppressed
endogenous cortisol production [33,39]. As the vast majority of hypoglycemic events is induced by
antidiabetic treatment, its occurrence should be avoided by all means, according to the “primum nil
nocere” (first do no harm) principle [40].
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So far, insulin treatment by an established hospital protocol with prandial and basal insulin,
or premixed insulin is recommended [12]. Fast-acting insulins may increase glucose variability and
bear a high risk of hypoglycemia. Antidiabetic agents like GLP-1 analogues or SGLT-2 inhibitors
are promising alternatives to insulin as they have low risk for hypoglycemia, but the experience in
GC-induced hyperglycemia is small, and again, outcome studies are lacking [41—44].

The main limitation of this study is its retrospective nature, which precludes causal reasoning.
Furthermore, we cannot rule out having misclassified certain patients as not having pre-existing
diabetes, even though diabetes was present but not yet diagnosed, which is partly attributable to
not having HbAlc available on admission in all patients. Also, it was not possible to adjust for the
severity of the illness leading to hospitalization due to the heterogeneity of the underlying diseases.
The strongest factor of the combined primary endpoint was the high rate of infections. The observation
time of 30 days might be considered too short, albeit there might be no visible effect beyond 30 days
after short-term GC administration. The cohort was too small to be able to show a mortality benefit.
Even though the diversity of underlying diseases might be considered a limitation, it has the advantage
of being generalizable to a medical clinic population.

The strengths of this study are its large number of patients and the availability of 30-day interviews
for outcome analysis. To the best of our knowledge, it is the first study with systematic reporting of
outcome in GC-induced hyperglycemia.

5. Conclusions

The adverse events mortality, cardiovascular events, and infections were excessively higher in
GC-induced hyperglycemia than in normoglycemia, and hypoglycemia was twofold higher in these
patients. This effect was independent of pre-existing diabetes.
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Appendix A

Table A1. Baseline characteristics of all patients with GC-induced diabetes vs. patients with normoglycemia.

No Pre-Existing GC-Induced Diabetes Normoglycemia
Diabetes (n = 1913) (n = 399) (n = 1514) p-Value
Male sex, 1 (%) 915 (47.8%) 188 (47%) 727 (48%) 0.78
Age, y, mean (SD) 66 (+15.6) 65.92 (+15.71) 65.52 (+16.01) 0.65
Body mass index kg/m? (IQR) 24.6 (21.6-28) 25.3 (22-29) 24.38 (21-28) <0.001
Mean glucocorticoid (GC) dose 1 mg/kg/day 0.89 (£2.4) 1.79 (£4.1) 0.65 (£1.6) <0.001
Duration of GC administration (in days) 4.61+£22 5.33 (£2.1) 442 (£2.2) <0.001
Length of stay 8.0 (5.0-13.0) 9.0 (5.0-15.0) 8.0 (5.0-13.0) <0.001
Charlson Comorbidity Index 2.0 (1.0-4.0) 2.00 (1.0-3.0) 2.0 (1.0-4.0) 0.38
Glucose on admission 6.50 (5.65-7.7) mmol/L/ 7.10 (5.9-8.8) mmol/L/ 6.33 (5.6-7.4) mmol/L/ <0.001
! 117 (102-139) mg/dL 128 (106-159) mg/dL 114 (101-133) mg/dL
Mean glucose differences from peaks to nadirs (MAGE) 3.06 (+1.65) 412 (+1.87) 2.37 (£1.0) <0.001
Glucose (coefficient of variation) 2 0.23 (£0.09) 0.27 (= 0.09) 0.2 (£0.07) <0.001
Indication for GC administration 0.010
Autoimmune-inflammatory 631 (33%) 156 (39.1%) 475 (31.4%)
Oncology 577 (30.2%) 99 (24.8%) 478 (31.6%)
Pneumology/Infectiology 617 (32.3%) 123 (30.8%) 494 (32.6%)
Endocrinology/others 88 (4.6%) 21 (5.3%) 67 (4.4%)

11 of 16

Data is shown as 1 (%) or mean/median (standard deviation or interquartile range) per group. I mean GC dose is given as normalized GC dose in mg per prednisolone equivalent per kg

per day. 2 CV = SD/mean * 100%. GC: glucocorticoid.
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Table A2. Baseline characteristics of patients with pre-existing diabetes vs. GC-induced diabetes.
T e
(n =812) - (n = 413)
Male sex, 1 (%) 356 (44%) 188 (47%) 168 (40.7%) 0.066
Age, y, mean (interquartile range) 68.5 (+13.4) 65.92 (£15.71) 71.03 (+£10.14) <0.001
Clinical variables
Body mass index kg/m? (IQR) 26.6 (23.4-31) 25.3 (22-29) 28 (24.78-32.6) <0.001
Mean glucocorticoid (GC) dose ) mg/kg/day 1.22 (£3.3) 1.79 (£4.1) 0.66 (£2.2) <0.001
Duration of GC administration (in days) 5.12 (x£2.1) 5.33 (x2.1) 492 (+£2.2) 0.006
Length of stay 9.0 (6.0-15.0) 9.0 (5.0-15) 9.0 (6.0-15.0) 0.43
Charlson Comorbidity Index 2.0 (1.0-3.0) 2.0 (1.0-3.0) 2.0 (1.0-3.0) 0.049
Indication for GC administration 0.01
Autoimmune-inflammatory 300 (36.9%) 156 (39.1%) 144 (34.9%)
Oncology 175 (21.6%) 99 (24.8%) 76 (18.4%)
Pneumology/Infectiology 294 (36.2%) 123 (30.8%) 171 (41.4%)
Endocrinology/others 43 (5.3%) 21 (5.3%) 22 (5.3%)
Diabetes-related parameters
ER— e Lt T e e e
Mean glucose differences from peaks to nadirs (MAGE) 4.89 (£2.18) 4.12 (£1.87) 5.63 (£2.21) <0.001
Glucose (coefficient of variation) 2 0.3 (x0.1) 0.27 (£0.09) 0.32 (£0.09) <0.001
Insulin pre-treatment (including type 1 and pancreatogenic) 173 (21.3%) 173 (21.3%)
Pre-treatment with glucose-lowering agents other than insulin 178 (21.9%) 178 (43%)
Diabetes treatment with dietary measures 62 (7.64%) 62 (15%)
Data is shown as 7 (%) or mean/median (standard deviation or interquartile range) per group. GC: glucocorticoid. ! mean GC dose is given as normalized GC dose in mg per prednisolone
equivalent per kg per day. 2 CV = SD/mean * 100%.

12 of 16
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Table A3. Main results of primary and secondary endpoints in patients with GC-induced diabetes vs. patients with normoglycemia.

All (1 = 1913) Diif;g‘(l:fg”) N°L‘:‘:g11;'1cj)mia OR (95% CD)  p-Value Ad{;;f/‘:‘}:gl{ ' pevalue
Primary Endpoint
ccairiz?:iEﬁi?;tlts]jzigffii?g’?s 573 (30%) 139 (34.8%) 434 (28.7%) 133 (1.05-1.68)  0.017  1.66(1.18-2.36)  0.004
Secondary Endpoints
Death (30-days) 140 (7.3%) 35 (8.8%) 105 (6.9%) 13(0.87-1.92) 0211 149 (0.83-2.68)  0.180
Cardiovascular events 202 (10.6%) 51 (12.8%) 151 (10%) 1.32 (0.94-1.86) 0.105 1.5 (0.93-2.58) 0.091
Infections 365 (19%) 86 (21.6%) 279 (18.4%) 1.2 (0.93-1.6) 0.158  1.4(0.94-2.1) 0.094

Data is shown as 1 (%) or mean/median (standard deviation or interquartile range) per group. ! adjusted for age, pre-existing comorbidities by Charlson Comorbidity Index [28], GC dose
(mg prednisolone equivalent per kg body weight per GC day), indication for GCs, mean glucose, CV of glucose, percent of glucose values in range, and hypoglycemia < 4.0 mmol/L
(<72 mg/dL). GC: glucocorticoid.

Table A4. Main results of primary and secondary endpoints in pre-existing diabetes vs. GC- induced diabetes.

All Patients with

. Pre-Existing Diabetes GC-Induced o . Adjusted OR ! g
Hyl(vsrf,lg 1c2e)m1a Diagnosis (n = 413) Diabetes (n = 399) OR (35% C) p-Value (95% CI) p-Value
Primary Endpoint
Combined endpoint: Death (30 days), 292 (36%) 153 (37%) 139 (34.8%) 11(0.83-147) 0512 098 (0.68-14)  0.905
cardiovascular events, and infections
Secondary Endpoints
Death (30-days) 66 (8.1%) 31 (7.5%) 35 (8.8%) 0.84 (0.51-1.4) 051  0.51(0.26-0.98)  0.043
Cardiovascular events 115 (14.2%) 64 (15.5%) 51 (12.8%) 1.25 (0.84-1.86) 0.268 0.98 (0.6-1.6) 0.937
Infections 198 (24.3%) 112 (27.1%) 86 (21.3%) 1.4 (0.98-1.87) 0.065 1.38 (0.92-2.06) 0.123

Data is shown as n (%) or mean/median (standard deviation or interquartile range) per group. ! adjusted for age, pre-existing comorbidities by Charlson Comorbidity Index [28], GC dose
(mg prednisolone equivalent per kg body weight per GC day), indication for GCs, mean glucose, CV of glucose, percent of glucose values in range, and hypoglycemia < 4.0 mmol/L
(<72 mg/dL). GC: glucocorticoid.



J. Clin. Med. 2020, 9, 4079 14 of 16

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Rhen, T.; Cidlowski, J.A. Antiinflammatory Action of Glucocorticoids—New Mechanisms for Old Drugs.
N. Engl. ]. Med. 2005, 353, 1711-1723. [CrossRef] [PubMed]

Singh, A.K.; Majumdar, S.; Singh, R.; Misra, A. Role of corticosteroid in the management of COVID-19:
A systemic review and a Clinician’s perspective. Diabetes Metab. Syndr. 2020, 14, 971-978. [CrossRef]
[PubMed]

Blum, C.A.; Nigro, N.; Briel, M.; Schuetz, P.; Ullmer, E.; Suter-Widmer, 1.; Winzeler, B.; Bingisser, R.;
Elsaesser, H.; Drozdov, D.; et al. Adjunct prednisone therapy for patients with community-acquired
pneumonia: A multicentre, double-blind, randomised, placebo-controlled trial. Lancet 2015, 385, 1511-1518.
[CrossRef]

Liu, X.X.; Zhu, X.M.; Miao, Q.; Ye, H.Y.; Zhang, Z.Y.; Li, YM. Hyperglycemia induced by glucocorticoids in
nondiabetic patients: A meta-analysis. Ann. Nutr. Metab. 2014, 65, 324-332. [CrossRef]

Schultz, H.; Pedersen-Bjergaard, U.; Jensen, A.K.; Engelholm, S.A_; Kristensen, P.L. The influence on survival
of glucocorticoid induced diabetes in cancer patients with metastatic spinal cord compression. Clin. Transl.
Radiat. Oncol. 2018, 11, 19-25. [CrossRef] [PubMed]

Umpierrez, G.E.; Hellman, R.; Korytkowski, M.T.; Kosiborod, M.; Maynard, G.A.; Montori, V.M.; Seley, ].].;
Van den Berghe, G.; Endocrine, S. Management of hyperglycemia in hospitalized patients in non-critical
care setting: An endocrine society clinical practice guideline. J. Clin. Endocrinol. Metab. 2012, 97, 16-38.
[CrossRef] [PubMed]

van den Berghe, G.; Wouters, P.; Weekers, F.; Verwaest, C.; Bruyninckx, F; Schetz, M.; Vlasselaers, D.;
Ferdinande, P.; Lauwers, P; Bouillon, R. Intensive insulin therapy in critically ill patients. N. Engl. |. Med.
2001, 345, 1359-1367. [CrossRef]

Investigators, N.-S.S.; Finfer, S.; Chittock, D.R.; Su, S.Y.; Blair, D.; Foster, D.; Dhingra, V.; Bellomo, R.; Cook, D.;
Dodek, P; et al. Intensive versus conventional glucose control in critically ill patients. N. Engl. |. Med. 2009,
360, 1283-1297. [CrossRef]

Murad, M.H.; Coburn, J.A.; Coto-Yglesias, F.; Dzyubak, S.; Hazem, A.; Lane, M.A.; Prokop, L.J.; Montori, V.M.
Glycemic control in non-critically ill hospitalized patients: A systematic review and meta-analysis. J. Clin.
Endocrinol. Metab. 2012, 97, 49-58. [CrossRef]

Wang, Y.Y.; Hu, S.F; Ying, HM.; Chen, L.; Li, HL.; Tian, F; Zhou, Z.F. Postoperative tight glycemic
control significantly reduces postoperative infection rates in patients undergoing surgery: A meta-analysis.
BMC Endocr. Disord. 2018, 18, 42. [CrossRef]

American Diabetes Association. 14. Diabetes Care in the Hospital: Standards of Medical Care in Diabetes-2018.
Diabetes Care 2018, 41, S144-5151. [CrossRef]

American Diabetes Association. 15. Diabetes Care in the Hospital: Standards of Medical Care in Diabetes-2019.
Diabetes Care 2019, 42, 5173-5181. [CrossRef] [PubMed]

Lipska, K.J.; Ross, ].S.; Miao, Y.; Shah, N.D.; Lee, S.J.; Steinman, M.A. Potential overtreatment of diabetes
mellitus in older adults with tight glycemic control. JAMA Intern. Med. 2015, 175, 356-362. [CrossRef]
[PubMed]

Akirov, A.; Grossman, A.; Shochat, T.; Shimon, I. Mortality among Hospitalized Patients with Hypoglycemia:
Insulin Related and Noninsulin Related. . Clin. Endocrinol. Metab. 2017, 102, 416-424. [CrossRef] [PubMed]
Goto, A.; Arah, O.A.; Goto, M.; Terauchi, Y.; Noda, M. Severe hypoglycaemia and cardiovascular disease:
Systematic review and meta-analysis with bias analysis. BMJ 2013, 347, f4533. [CrossRef] [PubMed]
International Hypoglycaemia Study Group. Hypoglycaemia, cardiovascular disease, and mortality in
diabetes: Epidemiology, pathogenesis, and management. Lancet Diabetes Endocrinol. 2019, 7, 385-396.
[CrossRef]

Radhakutty, A.; Burt, M.G. Management of endocrine disease: Critical review of the evidence underlying
management of glucocorticoid-induced hyperglycaemia. Eur. J. Endocrinol. 2018, 179, R207-R218. [CrossRef]
Wallace, M.D.; Metzger, N.L. Optimizing the Treatment of Steroid-Induced Hyperglycemia. Ann. Pharmacother.
2018, 52, 86-90. [CrossRef]

von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gotzsche, P.C.; Vandenbroucke, J.P. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting
observational studies. PLoS Med. 2007, 4, €296. [CrossRef]


http://dx.doi.org/10.1056/NEJMra050541
http://www.ncbi.nlm.nih.gov/pubmed/16236742
http://dx.doi.org/10.1016/j.dsx.2020.06.054
http://www.ncbi.nlm.nih.gov/pubmed/32610262
http://dx.doi.org/10.1016/S0140-6736(14)62447-8
http://dx.doi.org/10.1159/000365892
http://dx.doi.org/10.1016/j.ctro.2018.04.004
http://www.ncbi.nlm.nih.gov/pubmed/30014043
http://dx.doi.org/10.1210/jc.2011-2098
http://www.ncbi.nlm.nih.gov/pubmed/22223765
http://dx.doi.org/10.1056/NEJMoa011300
http://dx.doi.org/10.1056/NEJMoa0810625
http://dx.doi.org/10.1210/jc.2011-2100
http://dx.doi.org/10.1186/s12902-018-0268-9
http://dx.doi.org/10.2337/dc18-S014
http://dx.doi.org/10.2337/dc19-S015
http://www.ncbi.nlm.nih.gov/pubmed/30559241
http://dx.doi.org/10.1001/jamainternmed.2014.7345
http://www.ncbi.nlm.nih.gov/pubmed/25581565
http://dx.doi.org/10.1210/jc.2016-2653
http://www.ncbi.nlm.nih.gov/pubmed/27854553
http://dx.doi.org/10.1136/bmj.f4533
http://www.ncbi.nlm.nih.gov/pubmed/23900314
http://dx.doi.org/10.1016/S2213-8587(18)30315-2
http://dx.doi.org/10.1530/EJE-18-0315
http://dx.doi.org/10.1177/1060028017728297
http://dx.doi.org/10.1371/journal.pmed.0040296

J. Clin. Med. 2020, 9, 4079 150f 16

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Schuetz, P.; Hausfater, P.; Amin, D.; Haubitz, S.; Fassler, L.; Grolimund, E.; Kutz, A.; Schild, U.; Caldara, Z.;
Regez, K.; etal. Optimizing triage and hospitalization in adult general medical emergency patients: The triage
project. BMIC Emerg. Med. 2013, 13, 12. [CrossRef]

Kutz, A.; Koch, D.; Conca, A.; Baechli, C.; Haubitz, S.; Regez, K.; Schild, U.; Caldara, Z.; Ebrahimi, F.;
Bassetti, S.; et al. Integrative hospital treatment in older patients to benchmark and improve outcome and
length of stay—The In-HospiTOOL study. BMC Health Serv. Res. 2019, 19, 237. [CrossRef]

Suh, S.; Park, M.K. Glucocorticoid-Induced Diabetes Mellitus: An Important but Overlooked Problem.
Endocrinol. Metab. 2017, 32, 180-189. [CrossRef]

Ceriello, A.; Monnier, L.; Owens, D. Glycaemic variability in diabetes: Clinical and therapeutic implications.
Lancet Diabetes Endocrinol. 2019, 7, 221-230. [CrossRef]

Stolz, D.; Christ-Crain, M.; Morgenthaler, N.G.; Miedinger, D.; Leuppi, J.; Muller, C.; Bingisser, R.; Struck, J.;
Muller, B.; Tamm, M. Plasma pro-adrenomedullin but not plasma pro-endothelin predicts survival in
exacerbations of COPD. Chest 2008, 134, 263-272. [CrossRef]

Blackburn, D.; Hux, J.; Mamdani, M. Quantification of the Risk of Corticosteroid-induced Diabetes Mellitus
among the Elderly. J. Gen. Intern. Med. 2002, 17, 717-720. [CrossRef]

Gulliford, M.C.; Charlton, J.; Latinovic, R. Risk of diabetes associated with prescribed glucocorticoids in a
large population. Diabetes Care 2006, 29, 2728-2729. [CrossRef]

Hwang, J.L.; Weiss, R.E. Steroid-induced diabetes: A clinical and molecular approach to understanding and
treatment. Diabetes Metab. Res. Rev. 2014, 30, 96-102. [CrossRef]

Charlson, M.E.; Pompei, P; Ales, K.L.; MacKenzie, C.R. A new method of classifying prognostic comorbidity
in longitudinal studies: Development and validation. J. Chronic Dis. 1987, 40, 373-383. [CrossRef]

Ceriello, A.; Esposito, K.; Piconi, L.; Thnat, M.A.; Thorpe, J.E.; Testa, R.; Boemi, M.; Giugliano, D. Oscillating
glucose is more deleterious to endothelial function and oxidative stress than mean glucose in normal and
type 2 diabetic patients. Diabetes 2008, 57, 1349-1354. [CrossRef]

Joy, N.G.; Perkins, ].M.; Mikeladze, M.; Younk, L.; Tate, D.B.; Davis, S.N. Comparative effects of
acute hypoglycemia and hyperglycemia on pro-atherothrombotic biomarkers and endothelial function in
non-diabetic humans. J. Diabetes Complicat. 2016, 30, 1275-1281. [CrossRef]

Krinsley, ].S.; Egi, M; Kiss, A.; Devendra, A.N.; Schuetz, P.; Maurer, PM.; Schultz, M.].; van Hooijdonk, R.T.;
Kiyoshi, M.; Mackenzie, .LM.; et al. Diabetic status and the relation of the three domains of glycemic control
to mortality in critically ill patients: An international multicenter cohort study. Crit. Care 2013, 17, R37.
[CrossRef]

Kutz, A.; Struja, T.; Hausfater, P; Amin, D.; Amin, A.; Haubitz, S.; Bernard, M.; Huber, A.; Mueller, B.;
Schuetz, P; et al. The association of admission hyperglycaemia and adverse clinical outcome in medical
emergencies: The multinational, prospective, observational TRIAGE study. Diabet. Med. 2017, 34, 973-982.
[CrossRef]

Khanimov, L.; Boaz, M.; Shimonov, M.; Wainstein, J.; Leibovitz, E. Systemic treatment with glucocorticoids is
associated with incident hypoglycemia and mortality: A historical prospective analysis. Am. J. Med. 2020.
[CrossRef]

Hahner, S.; Loeffler, M..; Bleicken, B.; Drechsler, C.; Milovanovic, D.; Fassnacht, M.; Ventz, M.; Quinkler, M.;
Allolio, B. Epidemiology of adrenal crisis in chronic adrenal insufficiency: The need for new prevention
strategies. Eur. ]. Endocrinol. 2010, 162, 597-602. [CrossRef]

Rushworth, R.L.; Torpy, D.J.; Falhammar, H. Adrenal Crisis. N. Engl. ]. Med. 2019, 381, 852-861. [CrossRef]
Puar, T.H.; Stikkelbroeck, N.M.; Smans, L.C.; Zelissen, PM.; Hermus, A.R. Adrenal Crisis: Still a Deadly
Event in the 21st Century. Am. J. Med. 2016, 129, 339.e1-339.€9. [CrossRef]

Waljee, A K.; Rogers, M.A,; Lin, P; Singal, A.G.; Stein, ].D.; Marks, RM.; Ayanian, J.Z.; Nallamothu, B.K.
Short term use of oral corticosteroids and related harms among adults in the United States: Population based
cohort study. BMJ 2017, 357, j1415. [CrossRef]

van Raalte, D.H.; Kwa, K.A.; van Genugten, R.E.; Tushuizen, M.E.; Holst, ].J.; Deacon, C.F.; Karemaker, ].M.;
Heine, R.J.; Mari, A.; Diamant, M. Islet-cell dysfunction induced by glucocorticoid treatment: Potential role
for altered sympathovagal balance? Metabolism 2013, 62, 568-577. [CrossRef]

Radhakutty, A.; Stranks, J.L.; Mangelsdorf, B.L.; Drake, S.M.; Roberts, G.W.; Zimmermann, A.T.; Stranks, S.N.;
Thompson, C.H.; Burt, M.G. Treatment of prednisoione-induced hyperglycemia in hospitalized patients:
Insights from a randomized-controlled study. Endocr. Rev. 2017, 38. [CrossRef]


http://dx.doi.org/10.1186/1471-227X-13-12
http://dx.doi.org/10.1186/s12913-019-4045-x
http://dx.doi.org/10.3803/EnM.2017.32.2.180
http://dx.doi.org/10.1016/S2213-8587(18)30136-0
http://dx.doi.org/10.1378/chest.08-0047
http://dx.doi.org/10.1046/j.1525-1497.2002.10649.x
http://dx.doi.org/10.2337/dc06-1499
http://dx.doi.org/10.1002/dmrr.2486
http://dx.doi.org/10.1016/0021-9681(87)90171-8
http://dx.doi.org/10.2337/db08-0063
http://dx.doi.org/10.1016/j.jdiacomp.2016.06.030
http://dx.doi.org/10.1186/cc12547
http://dx.doi.org/10.1111/dme.13325
http://dx.doi.org/10.1016/j.amjmed.2019.12.026
http://dx.doi.org/10.1530/EJE-09-0884
http://dx.doi.org/10.1056/NEJMra1807486
http://dx.doi.org/10.1016/j.amjmed.2015.08.021
http://dx.doi.org/10.1136/bmj.j1415
http://dx.doi.org/10.1016/j.metabol.2012.10.007
http://dx.doi.org/10.1111/dom.12859

J. Clin. Med. 2020, 9, 4079 16 of 16

40.

41.

42.

43.

44.

Mealey, B.L. Commentary: Managing patients with diabetes: First, do no harm. J. Periodontol. 2007, 78,
2072-2076. [CrossRef]

van Raalte, D.H.; van Genugten, R.E.; Linssen, M.M.; Ouwens, D.M.; Diamant, M. Glucagon-like peptide-1
receptor agonist treatment prevents glucocorticoid-induced glucose intolerance and islet-cell dysfunction in
humans. Diabetes Care 2011, 34, 412-417. [CrossRef]

Gerards, M.C.; Venema, G.E.; Patberg, K.W.; Kross, M.; Potter van Loon, B.J.; Hageman, LM.G.; Snijders, D.;
Brandjes, D.PM.; Hoekstra, ]J.B.L.; Vriesendorp, T.M.; et al. Dapagliflozin for prednisone-induced
hyperglycaemia in acute exacerbation of chronic obstructive pulmonary disease. Diabetes Obes. Metab. 2018,
20, 1306-1310. [CrossRef] [PubMed]

Klarskov, C.K.; Holm Schultz, H.; Persson, F.; Moller Christensen, T.; Almdal, T.P.; Snorgaard, O.; Bagge
Hansen, K.; Pedersen-Bjergaard, U.; Lommer Kristensen, P. Study rationale and design of the EANITIATE
study (EmpAgliflozin compared to NPH Insulin for sTerold diAbeTEs)—A randomized, controlled,
multicenter trial of safety and efficacy of treatment with empagliflozin compared with NPH-insulin
in patients with newly onset diabetes following initiation of glucocorticoid treatment. BMC Endocr. Disord.
2020, 20, 86. [CrossRef]

Klarskov, C.K.; Holm Schultz, H.; Wilbek Fabricius, T.; Persson, F.; Pedersen-Bjergaard, U.; Lommer
Kristensen, P. Oral treatment of glucocorticoid-induced diabetes mellitus: A systematic review. Int. |.
Clin. Pract. 2020, 74, €13529. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1902/jop.2007.070362
http://dx.doi.org/10.2337/dc10-1677
http://dx.doi.org/10.1111/dom.13209
http://www.ncbi.nlm.nih.gov/pubmed/29316157
http://dx.doi.org/10.1186/s12902-020-00561-0
http://dx.doi.org/10.1111/ijcp.13529
http://www.ncbi.nlm.nih.gov/pubmed/32392375
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Definitions and Categorizations 
	Endpoints 
	Hypothesis 
	Statistical Analysis 

	Results 
	All Patients with GC-Induced Hyperglycemia vs. Normoglycemia 
	Primary Endpoint 
	Secondary Endpoints 

	Patients with GC-Induced Diabetes vs. Normoglycemia 
	Patients with GC-Induced Diabetes vs. Pre-Existing Diabetes 

	Discussion 
	Conclusions 
	
	References

