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a b s t r a c t

Aims: Treatment with glucocorticoids for neoplasms and inflammatory disorders is fre-

quently complicated by glucocorticoid induced hyperglycaemia (GCIH). GCIH is associated

with adverse outcomes and its treatment has short term and long term benefits. Currently,

treatment targets and modalities depend on local protocols and habits of individual

clinicians. We explored current practice of screening and treatment of GCIH in patients

receiving glucocorticoid pulse therapy.

Methods: A factorial survey with written case vignettes. All vignette patients received

glucocorticoid pulse therapy. Other characteristics (e.g., indication for glucocorticoid ther-

apy, pre-existent diabetes) varied. The survey was held between November 2013 and May

2014 on 2 nationwide conferences and in hospitals across The Netherlands. Pulmonologists

and internists expressed their level of agreement with statements on ordering capillary

glucose testing and treatment initiation.

Results: Respondents ordered screening for GCIH in 85% of vignette patients and initiated

treatment in 56%. When initiating treatment, respondents opt for sliding scale insulin in

62% of patients. Sliding scale insulin was more frequently prescribed in patients with pre-

existent insulin dependent diabetes (OR 2.4, CI 1.3–4.2) and by residents (vs. specialists, OR

2.1, CI 1.2–3.5). Sixty-nine percent of clinicians experienced a lack of guidelines for GCIH.

Conclusions: Clinicians have a strong tendency to screen for GCIH but subsequent initiation

of treatment was low. Sliding scale insulin is still widely used in episodic GCIH despite

evidence against its effectiveness. This may be due to lacking evidence on feasible treatment

options for GCIH.

# 2015 Elsevier Ireland Ltd. All rights reserved.

* Correspondence to: Slotervaart Hospital, Department of Internal Medicine, Louwesweg, 6 1066 EC Amsterdam, The Netherlands.
Tel.: +31 0 20 512 5429; fax: +31 0 20 512 4783.

E-mail address: Maaike.gerards@slz.nl (M.C. Gerards).

Contents available at ScienceDirect

Diabetes Research
and Clinical Practice

journal homepage: www.elsevier .com/locate/diabres
http://dx.doi.org/10.1016/j.diabres.2015.05.040
0168-8227/# 2015 Elsevier Ireland Ltd. All rights reserved.

https://core.ac.uk/display/82281028?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://crossmark.crossref.org/dialog/?doi=10.1016/j.diabres.2015.05.040&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.diabres.2015.05.040&domain=pdf
http://dx.doi.org/10.1016/j.diabres.2015.05.040
mailto:Maaike.gerards@slz.nl
http://www.sciencedirect.com/science/journal/01688227
www.elsevier.com/locate/diabres
http://dx.doi.org/10.1016/j.diabres.2015.05.040


d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 0 9 ( 2 0 1 5 ) 2 4 6 – 2 5 2 247
1. Introduction

Temporary high dose glucocorticoid therapy (‘pulse therapy’)

is complicated by hyperglycaemia in 42–69% of patients [1,2].

Synthetic glucocorticoids have similar biologic activity as

endogenous cortisol. Cortisol induces peripheral insulin

resistance, diminishes insulin production and secretion and

stimulates endogenous glucose production [3,4]. Glucocorti-

coids are frequently used in treatment of COPD exacerbation

and autoimmune disorders and as a component of antineo-

plastic chemotherapy. The effect of pulse therapy on glucose

metabolism is dose dependent and often transient [5,6].

Glucocorticoid induced hyperglycaemia (GCIH) is associat-

ed with adverse clinical outcomes in patients treated for COPD

exacerbation, patients receiving chemotherapy and patients

with other intercurrent illnesses requiring glucocorticoid

therapy [7–9]. From preclinical studies, it can be hypothesized

that hyperglycaemia leads to adverse outcomes by inducing a

procoagulant state and impaired functioning of the immune

system [10,11]. Treating in-hospital hyperglycaemia is likely to

have short- and long-term beneficial effects [12,13]. However,

in the absence of evidence for effective treatment regimens for

GCIH episodes, current practice depends on local protocols

and habits of individual clinicians.

Our aim is to explore the current practice of screening for

GCIH, the intention to start treatment for hyperglycaemia and

the treatment choice in patients receiving glucocorticoid pulse

therapy.

2. Methods

We studied clinician’s decision-making in a factorial survey

[14]. We designed written case vignettes of fictive patients

receiving glucocorticoid pulse therapy either as a part of

chemotherapeutic regimen or as treatment for COPD exacer-

bation for 5–12 days.
Fig. 1 – Example of a writ
Case vignettes varied on 8 characteristics (factors), namely

age, gender, diabetes status, history of GCIH, admission status,

duration of pulse therapy, glucose level before start and during

pulse therapy. Combining all factors resulted in 256 case

vignettes. We excluded unrealistic vignettes, ending up with

176 different vignettes. Strict control was defined as target

glucose <10 mmol/l according to guidelines for non-critically

ill patients [12,13].

We asked respondents to rate a random hard-copy sample

of 8 different vignettes and we investigated respondents’

attitudes on episodic GCIH. Response options were in multiple

choice format or 1 till 6 Likert scale (Fig. 1). Applicability of the

survey was evaluated by the think-aloud technique [15]. We

actively recruited internists and pulmonologists on 2 nation-

wide conferences and in hospitals across the Netherlands.

We analysed the predictive value of vignette factors and

clinician’s characteristics on the respondent’s decisions in an

ordinal regression model. Therapy options were analysed as

dummy outcome variables in a logistic regression model.

Results of regression analysis are expressed as odds ratios and

95% confidence interval (OR, 95% CI). In the ordinal regression

model, a higher odds ratio indicates that clinicians have a

higher chance to agree with a specific decision as compared to

when the predictor variable is not present. Confidence

intervals were adjusted for the fact that respondents rated

multiple vignettes by a generalized estimating equation. We

performed all analyses in SPSS version 21 and vignettes were

generated in MS Excel 2003.

3. Results

3.1. General characteristics of respondents

Between November 2013 and May 2014, we received response

from 106 clinicians (70% internal medicine, 30% pulmonology,

response rate 42%) from 31 different secondary and tertiary

teaching hospitals. Respondents were employed in the
ten patient vignette.
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Netherlands (98%) or Belgium (2%). The majority was medical

specialist (65%) and others were resident (29%) or diabetes

nurse (6%).

3.2. Screening

Clinicians were more likely to order capillary glucose testing

for GCIH in patients with pre-existent type 2 diabetes (OR 3.5,

CI 2.3–5.4), in patients with random hyperglycaemia before

onset of glucocorticoid therapy (OR 2.9, CI 2.1–4.0) and in

patients who were hospitalized (OR 1.7, CI 1.2–2.3) as

compared to patients without these risk factors (Fig. 2).

Unsurprisingly, clinicians who aimed at strict glycaemic

control during glucocorticoid pulse therapy had a stronger

tendency to order capillary glucose testing (OR 2.1, CI 1.5–2.9)

as compared to clinicians who aimed at more lenient glucose

levels. Age and sex of the patient and also former episodes

GCIH did not contribute to the decision to screen for GCIH.

3.3. Augmentation of glucose lowering therapy

Fifty-five percent of respondents indicated to aim at more

lenient glucose targets than advised in guidelines for

glycaemic control in non-critically ill patients [12,13]. More

specialists (68%) than residents (35%) indicated to aim at

lenient glucose targets. Sixty-nine percent of respondents

declared that there is a lack of evidence for treatment of GCIH.

In total, in 55.5% of GCIH-cases respondents intended to

initiate or augment glucose lowering treatment (Fig. 3). The

strongest predictor for the decision to adjust treatment for

transient GCIH was the severity of hyperglycaemia in the

capillary glucose curve. Twenty-two percent of all respon-

dents started treatment for patients with a slightly elevated

glucose curve, which increased to 92% for patients with the

highest glucose curve. Other factors that made clinicians

adjust glucose lowering treatment were being diagnosed with
Fig. 2 – Decision to screen for GCIH. The Bars indicate the level

capillary glucose testing to diagnose GCIH. The level of agreeme

left column. A * indicates the factors that significantly influence 

model ( p < 0.05).
diabetes (OR 2.0, CI 1.4–2.9), longer duration of glucocorticoid

pulse therapy (OR 1.6, CI 1.2–2.2) and being treated by a

physician aiming at strict glucose levels during episodic GCIH

(OR 2.0, CI 1.5–2.7). The decision whether or not to adjust

treatment for episodic GCIH was not affected by admission

status of the patient or the clinician’s vigilance for hypogly-

caemia during treatment of GCIH.

3.4. Treatment modality

If glucose lowering treatment was considered necessary,

subcutaneous sliding scale insulin (SSI) with short acting

insulin was chosen in 62% of the vignettes followed by oral

glucose lowering agents (18%) and other insulin regimens

(19%) (Fig. 4). Respondents frequently used the free text option

to choose for non-pharmacologic strategies like a watch and

wait policy or pulmonologists consulting an internist for

treatment advice.

Within the subset of vignettes in which a treatment was

prescribed, the strongest trigger to prescribe SSI instead of

other treatments (i.e. other insulin regimens or oral agents)

was pre-existent insulin treated type 2 diabetes (OR 2.4, CI 1.3–

4.2). Hospitalization was another trigger to prescribe SSI (OR

1.9, CI 1.3–3.0). Furthermore, residents were twice more likely

to prescribe SSI than specialists (OR 2.1, CI 1.2–3.5).

The clinician’s concern for hypoglycaemia during treat-

ment of episodic GCIH was not explanatory for the choice for

SSI (OR 0.7, CI 0.4–1.0). We saw a trend that clinicians who said

not to encounter problems with treatment of GCIH and not to

experience a lack of guidelines for GCIH were more likely to

prescribe SSI (OR 1.3, CI 0.9–2.0 and OR 1.6, CI 0.99–2.5).

In the group that was diabetes treatment-naı̈ve, clinicians

started oral glucose lowering agents in 31% of cases (27%

metformin and 4% sulfonylurea) and that fraction of oral

therapy increased when hyperglycaemia was present before

onset of pulse therapy (OR 2.4, CI 1.3–4.2).
 of agreement of the clinicians with the statement to order

nt is split up for the patient and respondent factors in the

the decision process in the multivariate ordinal regression



Fig. 3 – Decision to initiate treatment for GCIH. The bars indicate the level of agreement of the clinicians with the statement

to start treatment for GCIH. The level of agreement is split up for the patient and respondent factors in the left column. A *

indicates the factors that significantly influence the decision process in the multivariate ordinal regression model ( p < 0.05).

Fig. 4 – Choice of treatment type. A bar represents all respondents who choose to initiate treatment and the colors represent

the fractions choosing a specific treatment modality. The different columns indicate how the choices differ for different

patient and respondent characteristics.
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4. Discussion

Our survey shows that SSI still is widely used in GCIH,

especially in hospitalized patients treated by less experienced

clinicians. We conclude that GCIH is recognized as a clinically

significant condition as indicated by the high rate of screening

for GCIH, but tendency to respond to transient hyperglycaemia

by initiating or augmenting glucose lowering treatment was

considerably lower. A factor contributing to this discrepancy

may be that the majority of clinicians indicated to experience a

lack of evidence for management of GCIH.

A strength of our study is the factorial survey method.

Decisions in written case vignettes were shown to be

representative for ‘real-world’ clinical practice [16]. A limita-

tion is the response rate of 42%. Responding clinicians

probably have a greater interest in the topic of GCIH as

compared to non-responding clinicians. This may have

resulted to a higher tendency to screen and treat GCIH than

realworld practice.

A pre-existent diagnosis of diabetes mellitus was overall a

strong incentive for decisions regarding screening as well as

treatment of GCIH. We hypothesize that higher glucose

excursions are expected in patients with diabetes that are

treated with glucocorticoids. However, severe hyperglycaemia

may very well occur in patients without a known diagnosis of

diabetes and is more strongly associated with adverse

outcomes in this group [17,18]. If clinicians initiated treatment

in patients not previously diagnosed with diabetes, they had a

preference for oral glucose lowering agents. This practice may

reflect the chance of triggering type 2 diabetes by glucocorti-

coid therapy but it does not counter possible acute adverse

effects of stress-hyperglycaemia [19].

The outcome that SSI is still widely used is consistent with

previous findings that it is difficult to ban SSI from clinical

practice [20,21]. The first study indicating that SSI insulin is not

effective for improving glycaemic control originates in the

1970s and was confirmed in more recent studies [22,23]. Even

SSI as add-on treatment to routine glucose lowering agents

has no clear benefit above routine medication only [24]. Our

finding that clinicians who declare not to experience problems

with treatment of GCIH had a stronger preference for SSI

supports the notion that SSI is used more to ‘fix the number’

instead of intending to improve patient outcomes. It indicates

a certain clinical inertia for glucose management in non-

critically ill patients.

A possible reason for the persistence of SSI in daily practice

is the lack of evidence for alternative effective and feasible

treatment options. Review articles advocate screening for

GCIH in patients with and without diabetes, pursuing glucose

targets <10 mmol/l, treatment with insulin but discourage SSI

without basal insulin [13,20]. One study found that the insulin

requirement in subjects on prednisone 60 mg per day

increased by 0.35 IU/kg body weight (69% increase compared

to before prednisone therapy) and these requirements are not

met with most subcutaneous SSI regimens [25,26].

Most guidelines recommend to discontinue all noninsulin

glucose lowering agents in GCIH and stress hyperglycaemia

for safety reasons. This is unfortunate since metformin with

its capacity to counter insulin resistance might especially be
effective in GCIH [27]. The safety concern originates from the

perceived relationship between metformin and lactic-acidosis

and this perception is fed by incidental case-reports [28].

However, the incidence of lactic-acidosis during metformin is

equal to other glucose-lowering treatment modalities and a

causal relationship is not established [29,30]. Discontinuing

metformin is not recommended in Dutch guidelines – except

when there are contraindications e.g., severe kidney disease or

shock – and indeed none of our respondents chose to

discontinue metformin in patients diagnosed with diabetes

on glucocorticoid therapy [31].

We recommend to continue routine glucose lowering

agents during GCIH as long as there are no contraindications

and to augment routine therapy in case of insufficient

glycaemic control. Acute and chronic kidney disease should

be taken into account. Metformin and sulfonylureas them-

selves are not nephrotoxic but accumulation of these agents

may occur if the glomerular filtration rate is less than 45 mL/

min. In case of severe kidney disease, oral glucose lowering

agents should be discontinued or administered in a reduced

dose. If glycaemic control is suboptimal under the routine

agents, insulin therapy should be initiated or augmented.

Depending on the level of pre-existing and increased insulin

resistance during glucocorticoid pulse therapy, the extra

insulin requirement varies between 0.2 and 0.5 IU/kg [26].

Following the circadian pattern of GCIH, extra insulin should

be targeted at afternoon and evening hours during which

hyperglycaemia is more pronounced [32]. This can be achieved

by administering intermediate-long acting insulin in the

morning as add-on to existing glucose lowering treatment

[33–35]. Another way to cover afternoon and evening is to

augment or initiate prandial insulin by 0.2–0.5 IU/kg. The

distribution of extra prandial insulin over the day should be

approximately 1:4:5 for breakfast, lunch and dinner. Evidence

on treatment of GCIH with incretin-based therapies and SGLT-

2 inhibitors is emerging and these agents may become part of

the therapeutic arsenal in future [36–38].

To conclude, clinicians have a strong tendency to screen

and to initiate treatment for glucocorticoid induced hypergly-

caemia. However, many clinicians still opt for ineffective SSI

regimens to treat glucocorticoid induced hyperglycaemia.

Future studies should focus on the outcome of glucose

lowering treatment and on the development of safe, effica-

cious and easy-to-implement treatment options, to be used

when glucose lowering treatment is indicated.

Conflict of interest

The authors declare that they have no conflict of interest.

Contribution

Maaike Gerards contributed to study design, data collection,

data analysis and manuscript.

E.C. Cohen Tervaert contributed to study design, data

collection and data analysis.

J.B.L. Hoekstra, T.M. Vriesendorp and V.E.A. Gerdes revised

and edited the manuscript.



d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 0 9 ( 2 0 1 5 ) 2 4 6 – 2 5 2 251
Appendix A. Supplementary data

Supplementary data associated with this article can be

found, in the online version, at http://dx.doi.org/10.1016/j.

diabres.2015.05.040.

r e f e r e n c e s

[1] Donihi AC, Raval D, Saul M, Korytkowski MT, DeVita MA.
Prevalence and predictors of corticosteroid-related
hyperglycemia in hospitalized patients. Endocr Pract
2006;12:358–62.

[2] Fong AC, Cheung NW. The high incidence of steroid-
induced hyperglycaemia in hospital. Diabetes Res Clin Pract
2013;99:277–80. http://dx.doi.org/10.1016/
j.diabres.2012.12.023.

[3] Rizza RA, Mandarino LJ, Gerich JE. Cortisol-induced insulin
resistance in man: impaired suppression of glucose
production and stimulation of glucose utilization due to a
postreceptor detect of insulin action. J Clin Endocrinol Metab
1982;54:131–8. http://dx.doi.org/10.1210/jcem-54-1-131.

[4] Dimitriadis G, Leighton B, Parry-Billings M, Sasson S, Young
M, Krause U, et al. Effects of glucocorticoid excess on the
sensitivity of glucose transport and metabolism to insulin
in rat skeletal muscle. Biochem J 1997;321(Pt 3):707–12.

[5] Van Raalte DH, Ouwens DM, Diamant M. Novel insights
into glucocorticoid-mediated diabetogenic effects: towards
expansion of therapeutic options? Eur J Clin Invest
2009;39:81–93. http://dx.doi.org/10.1111/j. 1365-
2362.2008.02067.x.

[6] Shamoon H, Hendler R, Sherwin RS. Synergistic
interactions among antiinsulin hormones in the
pathogenesis of stress hyperglycemia in humans. J Clin
Endocrinol Metab 1981;52:1235–41. http://dx.doi.org/
10.1210/jcem-52-6-1235.

[7] Brunello A, Kapoor R, Extermann M. Hyperglycemia during
chemotherapy for hematologic and solid tumors is
correlated with increased toxicity. Am J Clin Oncol
2011;34:292–6. http://dx.doi.org/10.1097/
COC.0b013e3181e1d0c0.

[8] Baker EH, Janaway CH, Philips BJ, Brennan AL, Baines DL,
Wood DM, et al. Hyperglycaemia is associated with poor
outcomes in patients admitted to hospital with acute
exacerbations of chronic obstructive pulmonary disease.
Thorax 2006;61:284–9. http://dx.doi.org/10.1136/
thx.2005.051029.

[9] Schuetz P, Friedli N, Grolimund E, Kutz A, Haubitz S, Christ-
Crain M, et al. Effect of hyperglycaemia on inflammatory
and stress responses and clinical outcome of pneumonia in
non-critical-care inpatients: results from an observational
cohort study. Diabetologia 2014;57:275–84. http://
dx.doi.org/10.1007/s00125-013-3112-9.

[10] Geerlings SE, Hoepelman AI. Immune dysfunction in
patients with diabetes mellitus (DM). FEMS Immunol Med
Microbiol 1999;26:259–65.

[11] Stegenga ME, van der Crabben SN, Levi M, de Vos AF, Tanck
MW, Sauerwein HP, et al. Hyperglycemia stimulates
coagulation, whereas hyperinsulinemia impairs fibrinolysis
in healthy humans. Diabetes 2006;55:1807–12. http://
dx.doi.org/10.2337/db05-1543.

[12] Moghissi ES, Korytkowski MT, DiNardo M, Einhorn D,
Hellman R, Hirsch IB, et al. American Association of Clinical
Endocrinologists and American Diabetes Association
consensus statement on inpatient glycemic control.
Diabetes Care 2009;32:1119–31. http://dx.doi.org/10.2337/
dc09-9029.

[13] Umpierrez GE, Hellman R, Korytkowski MT, Kosiborod M,
Maynard GA, Montori VM, et al. 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. http://dx.doi.org/
10.1210/jcem.97.1.zeg16a.

[14] Jasso G. Factorial survey methods for studying beliefs and
judgments. Sociol Methods Res 2006;34:334–423. http://
dx.doi.org/10.1177/0049124105283121.

[15] Collins D. Pretesting survey instruments: an overview of
cognitive methods. Qual Life Res 2003;12:229–38.

[16] Peabody JW. Measuring the quality of physician practice by
using clinical vignettes: a prospective validation study. Ann
Intern Med 2004;141:771. http://dx.doi.org/10.7326/0003-
4819-141-10-200411160-00008.

[17] Kerby JD, Griffin RL, MacLennan P, Rue LW. Stress-induced
hyperglycemia, not diabetic hyperglycemia, is associated
with higher mortality in trauma. Ann Surg 2012;256:446–52.
http://dx.doi.org/10.1097/SLA.0b013e3182654549.

[18] Capes SE, Hunt D, Malmberg K, Pathak P, Gerstein HC.
Stress hyperglycemia and prognosis of stroke in
nondiabetic and diabetic patients: a systematic overview.
Stroke 2001;32:2426–32. http://dx.doi.org/10.1161/
hs1001.096194.

[19] Gulliford MC, Charlton J, Latinovic R. Risk of diabetes
associated with prescribed glucocorticoids in a large
population. Diabetes Care 2006;29:2728–9. http://dx.doi.org/
10.2337/dc06-1499.

[20] Baldwin D, Villanueva G, McNutt R, Bhatnagar S.
Eliminating inpatient sliding-scale. Diabetes Care
2005;28:1008–11.

[21] Umpierrez GE, Palacio A, Smiley D. Sliding scale insulin
use: myth or insanity? Am J Med 2007;120:563–7. http://
dx.doi.org/10.1016/j.amjmed.2006.05.070.

[22] MacMillan DR. The fallacy of insulin adjustment by the
sliding scale. J Ky Med Assoc 1970;68:577–9.

[23] Queale WS, Seidler AJ, Brancati FL. Glycemic control and
sliding scale insulin use in medical inpatients with diabetes
mellitus. Arch Intern Med 1997;157:545–52.

[24] Dickerson LM. Glycemic control in medical inpatients with
type 2 diabetes mellitus receiving sliding scale insulin
regimens versus routine diabetes medications: a
multicenter randomized controlled trial. Ann Fam Med
2003;1:29–35. http://dx.doi.org/10.1370/afm.2.

[25] Umpierrez G, Smiley D, Mejia R. Randomized study of
basal-bolus insulin therapy in the inpatient management
of patients with type 2 diabetes. Diabetes Care
2007;30:2181. http://dx.doi.org/10.2337/dc07-0295.Clinical.

[26] Bevier WC, Zisser HC, Jovanovic L, Finan DA, Palerm CC,
Seborg DE, et al. Use of continuous glucose monitoring to
estimate insulin requirements in patients with type 1
diabetes mellitus during a short course of prednisone. J
Diabetes Sci Technol 2008;2:578–83.

[27] Thomas CR, Turner SL, Jefferson WH, Bailey CJ. Prevention
of dexamethasone-induced insulin resistance by
metformin. Biochem Pharmacol 1998;56:1145–50.

[28] Stades AME, Heikens JT, Erkelens DW, Holleman F,
Hoekstra JBL. Metformin and lactic acidosis: cause or
coincidence? A review of case reports. J Intern Med
2004;255:179–87.

[29] Salpeter SR, Greyber E, Pasternak GA, Salpeter EE. Risk of
fatal and nonfatal lactic acidosis with metformin use in
type 2 diabetes mellitus. Cochrane Database Syst Rev
2010;CD002967. http://dx.doi.org/10.1002/
14651858.CD002967.pub4.

http://dx.doi.org/10.1016/j.diabres.2015.05.040
http://dx.doi.org/10.1016/j.diabres.2015.05.040
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0195
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0195
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0195
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0195
http://dx.doi.org/10.1016/j.diabres.2012.12.023
http://dx.doi.org/10.1016/j.diabres.2012.12.023
http://dx.doi.org/10.1016/j.diabres.2012.12.023
http://dx.doi.org/10.1210/jcem-54-1-131
http://dx.doi.org/10.1210/jcem-54-1-131
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0210
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0210
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0210
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0210
http://dx.doi.org/10.1111/j. 1365-2362.2008.02067.x
http://dx.doi.org/10.1111/j. 1365-2362.2008.02067.x
http://dx.doi.org/10.1111/j. 1365-2362.2008.02067.x
http://dx.doi.org/10.1210/jcem-52-6-1235
http://dx.doi.org/10.1210/jcem-52-6-1235
http://dx.doi.org/10.1210/jcem-52-6-1235
http://dx.doi.org/10.1097/COC.0b013e3181e1d0c0
http://dx.doi.org/10.1097/COC.0b013e3181e1d0c0
http://dx.doi.org/10.1097/COC.0b013e3181e1d0c0
http://dx.doi.org/10.1136/thx.2005.051029
http://dx.doi.org/10.1136/thx.2005.051029
http://dx.doi.org/10.1136/thx.2005.051029
http://dx.doi.org/10.1007/s00125-013-3112-9
http://dx.doi.org/10.1007/s00125-013-3112-9
http://dx.doi.org/10.1007/s00125-013-3112-9
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0240
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0240
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0240
http://dx.doi.org/10.2337/db05-1543
http://dx.doi.org/10.2337/db05-1543
http://dx.doi.org/10.2337/db05-1543
http://dx.doi.org/10.2337/dc09-9029
http://dx.doi.org/10.2337/dc09-9029
http://dx.doi.org/10.2337/dc09-9029
http://dx.doi.org/10.1210/jcem.97.1.zeg16a
http://dx.doi.org/10.1210/jcem.97.1.zeg16a
http://dx.doi.org/10.1210/jcem.97.1.zeg16a
http://dx.doi.org/10.1177/0049124105283121
http://dx.doi.org/10.1177/0049124105283121
http://dx.doi.org/10.1177/0049124105283121
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0265
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0265
http://dx.doi.org/10.7326/0003-4819-141-10-200411160-00008
http://dx.doi.org/10.7326/0003-4819-141-10-200411160-00008
http://dx.doi.org/10.7326/0003-4819-141-10-200411160-00008
http://dx.doi.org/10.1097/SLA.0b013e3182654549
http://dx.doi.org/10.1097/SLA.0b013e3182654549
http://dx.doi.org/10.1161/hs1001.096194
http://dx.doi.org/10.1161/hs1001.096194
http://dx.doi.org/10.1161/hs1001.096194
http://dx.doi.org/10.2337/dc06-1499
http://dx.doi.org/10.2337/dc06-1499
http://dx.doi.org/10.2337/dc06-1499
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0290
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0290
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0290
http://dx.doi.org/10.1016/j.amjmed.2006.05.070
http://dx.doi.org/10.1016/j.amjmed.2006.05.070
http://dx.doi.org/10.1016/j.amjmed.2006.05.070
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0300
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0300
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0305
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0305
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0305
http://dx.doi.org/10.1370/afm.2
http://dx.doi.org/10.1370/afm.2
http://dx.doi.org/10.2337/dc07-0295.Clinical
http://dx.doi.org/10.2337/dc07-0295.Clinical
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0320
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0320
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0320
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0320
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0320
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0325
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0325
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0325
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0330
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0330
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0330
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0330
http://dx.doi.org/10.1002/14651858.CD002967.pub4
http://dx.doi.org/10.1002/14651858.CD002967.pub4
http://dx.doi.org/10.1002/14651858.CD002967.pub4


d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 0 9 ( 2 0 1 5 ) 2 4 6 – 2 5 2252
[30] Maznyczka A, Myat A, Gershlick A. Discontinuation of
metformin in the setting of coronary angiography: clinical
uncertainty amongst physicians reflecting a poor evidence
base. EuroIntervention 2012;7:1103–10. http://dx.doi.org/
10.4244/EIJV7I9A175.

[31] Potter van Loon BJ, de Galan BE, Brouwer CB, Geelhoed
PHLM, Schaper NC, Hoogman RPLM, et al. Perioperative and
hospital care. Guidel Diabetes Care Neth Assoc Intern Med
2013;1–74.

[32] Burt MG, Roberts GW, Aguilar-Loza NR, Frith P, Stranks SN.
Continuous monitoring of circadian glycemic patterns in
patients receiving prednisolone for COPD. J Clin Endocrinol
Metab 2011;96:1789–96. http://dx.doi.org/10.1210/jc. 2010-2729.

[33] Star J, Hogan J, Sosa ME, Carpenter MW. Glucocorticoid-
associated maternal hyperglycemia: a randomized trial of
insulin prophylaxis. J Matern Fetal Med 2000;9:273–7. http://
dx.doi.org/10.1002/1520-6661(200009/10)9:5<273::AID-
MFM3>3.0.CO;2-N.

[34] Dhital SM, Shenker Y, Meredith M, Davis DB. A
retrospective study comparing neutral protamine
Hagedorn insulin with glargine as basal therapy in
prednisone-associated diabetes mellitus in hospitalized
patients. Endocr Pract 2012;18:712–9. http://dx.doi.org/
10.4158/EP11371.OR.

[35] Seggelke SA, Gibbs J, Draznin B. Pilot study of using neutral
protamine Hagedorn insulin to counteract the effect of
methylprednisolone in hospitalized patients with diabetes.
J Hosp Med 2011;6:175–6. http://dx.doi.org/10.1002/jhm.874.

[36] Van Raalte DH, van Genugten R, Linssen M, Ouwens D,
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. http://dx.doi.org/10.2337/dc10-1677.

[37] Matsuo K, Nambu T, Matsuda Y, Kanai Y, Yonemitsu S,
Muro S, et al. Evaluation of the effects of exenatide
administration in patients with type 2 diabetes with
worsened glycemic control caused by glucocorticoid
therapy. Intern Med 2013;52:89–95.

[38] Van Genugten RE, van Raalte DH, Muskiet MH, Heymans
MW, Pouwels PJW, Ouwens DM, et al. Does dipeptidyl
peptidase-4 inhibition prevent the diabetogenic effects of
glucocorticoids in men with the metabolic syndrome? A
randomized controlled trial. Eur J Endocrinol 2014;170:429–39.
http://dx.doi.org/10.1530/EJE-13-0610.

http://dx.doi.org/10.4244/EIJV7I9A175
http://dx.doi.org/10.4244/EIJV7I9A175
http://dx.doi.org/10.4244/EIJV7I9A175
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0345
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0345
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0345
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0345
http://dx.doi.org/10.1210/jc. 2010-2729
http://dx.doi.org/10.1210/jc. 2010-2729
http://dx.doi.org/10.1002/1520-6661(200009/10)9:5&lt;273::AID-MFM3&gt;3.0.CO;2-N
http://dx.doi.org/10.1002/1520-6661(200009/10)9:5&lt;273::AID-MFM3&gt;3.0.CO;2-N
http://dx.doi.org/10.1002/1520-6661(200009/10)9:5&lt;273::AID-MFM3&gt;3.0.CO;2-N
http://dx.doi.org/10.1002/1520-6661(200009/10)9:5&lt;273::AID-MFM3&gt;3.0.CO;2-N
http://dx.doi.org/10.1002/1520-6661(200009/10)9:5&lt;273::AID-MFM3&gt;3.0.CO;2-N
http://dx.doi.org/10.1002/1520-6661(200009/10)9:5&lt;273::AID-MFM3&gt;3.0.CO;2-N
http://dx.doi.org/10.4158/EP11371.OR
http://dx.doi.org/10.4158/EP11371.OR
http://dx.doi.org/10.4158/EP11371.OR
http://dx.doi.org/10.1002/jhm.874
http://dx.doi.org/10.1002/jhm.874
http://dx.doi.org/10.2337/dc10-1677
http://dx.doi.org/10.2337/dc10-1677
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0375
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0375
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0375
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0375
http://refhub.elsevier.com/S0168-8227(15)00270-3/sbref0375
http://dx.doi.org/10.1530/EJE-13-0610
http://dx.doi.org/10.1530/EJE-13-0610

	Physician's attitudes towards diagnosing and treating glucocorticoid induced hyperglycaemia: Sliding scale regimen is stil...
	1 Introduction
	2 Methods
	3 Results
	3.1 General characteristics of respondents
	3.2 Screening
	3.3 Augmentation of glucose lowering therapy
	3.4 Treatment modality

	4 Discussion
	Conflict of interest
	Contribution
	Appendix A Supplementary data
	References


