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Abstract

Background: Numerous patients develop diabetes in response to glucocorticoid therapy. This study explored the
efficacy, safety, and preventive potential of the dipeptidyl peptidase-4 inhibitor, linagliptin (TRADJENTA®), in the
development of glucocorticoid-induced diabetes mellitus.

Methods: From December 2014 to November 2015, we recruited non-diabetic Japanese patients scheduled for
treatment with daily prednisolone ≥20 mg. Enrolled patients had at least one of following risk factors for
glucocorticoid-induced diabetes mellitus: estimated glomerular filtration rate ≤ 60 mL/minute/1.73 m2; age ≥
65 years; hemoglobin A1c > 6.0%. A daily dose of 5 mg of linagliptin was administered simultaneously with
glucocorticoid therapy. The primary outcome was the development of glucocorticoid-induced diabetes mellitus.
Additional orally administered hypoglycemic medications and/or insulin injection therapy was initiated according to
the blood glucose level.

Results: Four of five patients developed glucocorticoid-induced diabetes mellitus within 1 week of glucocorticoid
treatment. For 12 weeks, two of the four patients with glucocorticoid-induced diabetes mellitus required orally
administered medications, but no patients required insulin. Blood glucose levels before breakfast and lunch tended
to decrease with time; the median glucose levels before breakfast were 93 and 79.5 mg/dL at 1 and 3 weeks, respectively.
Two patients experienced mild hypoglycemia around 2 weeks. Glucose levels after lunch remained high throughout all
4 weeks despite decreasing the glucocorticoid dosage.

Conclusions: Linagliptin may be insufficient to prevent the development of glucocorticoid-induced diabetes mellitus but
has the potential to reduce the requirement for insulin injection therapy. Treatment of glucocorticoid-induced diabetes
mellitus was continued for at least 1 month and fasting hypoglycemia in early morning should be monitored after 2
weeks.

Trial registration: This trial was registered 02 November 2014 with UMIN Clinical Trials Registry (no. 000015588).
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Background
Glucocorticoids (GCs) remain a necessary component of
therapy for many diseases. However, from 2 to 30% of
patients treated with these drugs develop GC-induced dia-
betes mellitus (GC-DM) [1, 2]. A previous report showed
that an older age, higher hemoglobin A1c (HbA1c) level,
and lower estimated glomerular filtration rate (eGFR) were
independent risk factors for the development of GC-DM,
and 78% of patients with any of these risk factors developed
GC-DM [3].
GC-induced hyperglycemia is caused by the develop-

ment of insulin resistance and beta cell dysfunction [4–
6]. Elevation of postprandial blood glucose levels is a
major characteristic of GC-DM [7] and insulin is recom-
mended as the drug of choice for the treatment of GC-in-
duced hyperglycemia [8]. A previous study reported that
insulin injection therapy was required in 50% of renal trans-
plant recipients treated with high-dose GCs [9]. However,
insulin injection therapy degrades the quality of life in
patients with diabetes. Thus, treatment options without in-
sulin injection therapy are desired in patients with GC-DM.
A recent study indicated that nateglinide and acarbose were
treatment options for GC-DM and improved postprandial
hyperglycemia [10].
Incretin-related drugs, such as dipeptidyl peptidase-4

(DPP-4) inhibitors and glucagon-like peptide-1 (GLP-1)
receptor agonists, lower blood glucose in patients with
type 2 diabetes through a transient glucose-dependent
stimulation of insulin and suppression of glucagon se-
cretion [11]. A previous report showed that a GLP-1
receptor agonist prevented GC-induced glucose intoler-
ance and islet cell dysfunction in healthy humans [12].
DPP-4 inhibitors may have similar effects but have not
yet been assessed clinically. GCs cause insulin resistance
via glucose transporter 4 (GLUT4) [13, 14] and
endogenous glucose production directly by leading to an
increment in gluconeogenesis [15]. Because DPP-4 inhibi-
tors upregulate GLUT4 translocation [16, 17] and lower
blood glucose through a glucose-dependent manner, it
could be a treatment option for GC-DM. In this pilot
study, we explored the DPP-4 inhibitor, linagliptin, for
its efficacy and safety in preventing the development
of GC-DM in non-diabetic patients. We also assessed
the clinical course of GC-DM in non-diabetic
patients.

Methods
Patients
From December 2014 to November 2015, we recruited
consecutive Japanese in-patients in the Nephrology,
Endocrinology, Metabolism, or Rheumatology units of
Okayama University Hospital without diabetes mellitus
(DM) who were scheduled for treatment with daily pred-
nisolone doses of ≥20 mg. The definition of DM was a

fasting blood glucose level over 126 mg/dL, postprandial
glucose level over 200 mg/dL twice, or a history of orally
administered hypoglycemic agent use. Enrolled patients
had at least one of the following risk factors for GC-DM:
(1) eGFR ≤ 60 mL/minute/1.73m2; (2) age ≥ 65 years; or
(3) HbA1c (National Glycohemoglobin Standardization
Program equivalent value) > 6.0% [3]. Patients were ex-
cluded for age < 20 years, an inability of internal use of
the DPP-4 inhibitor, pregnancy, GC pulse therapy was
scheduled, previous use of orally administered GCs,
and malignancy.

Treatment protocol
Eligible patients received a daily dose of 5 mg of linaglip-
tin for up to 12 weeks from the initiation of GC therapy.
Thereafter, patients continued taking the DPP-4 inhibi-
tor if the attending physician determined that it was
necessary. All patients also ingested a calorie-restricted
diet: daily calorie intake, 30 kcal per ideal body weight
(kg). Patients were permitted to receive another orally ad-
ministered hypoglycemic agent, such as alpha-glucosidase
inhibitors (α-GI) and/or glinides, if their postprandial
blood glucose level exceeded 200 mg/dL after the diagno-
sis of GC-DM. One week after the addition of an α-GI
and/or glinide, patients received insulin injection therapy
if their postprandial blood glucose level remained over
200 mg/dL. Whenever the participants’ postprandial blood
glucose level exceeded 300 mg/dL, insulin injection ther-
apy was begun.

Data collection
Enrolled patients were reviewed for a family history of
diabetes, underlying disease, comorbidities such as hyper-
tension and dyslipidemia, and laboratory data. Following
the initiation of GC therapy, their blood glucose level was
measured using a glucose meter (Medisafe®; Terumo,
Japan). Preprandial (30 minutes prior to a meal) and post-
prandial (2 hours after a meal) blood glucose levels were
measured alternately each day during admission. Patients
were also evaluated at weeks 4, 8, and 12. The following
data were collected and analyzed: laboratory data, treat-
ments, and adverse effects.

Outcome measures
The primary outcome was the development of GC-DM
within 4 weeks. The definition of GC-DM was a fasting
blood glucose level over 126 mg/dL, postprandial glu-
cose level over 200 mg/dL twice, or the initiation of
orally administered hypoglycemic agent use after the GC
therapy. We also assessed the number of patients with
concomitant use of other orally administered antidia-
betic drugs and/or insulin injection therapy. Treatment-
related adverse effects were recorded over the 12-week
observation period and graded according to the Common
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Terminology Criteria for Adverse Events, version 4.0
(http://evs.nci.nih.gov/ftp1/CTCAE/About.html).

Statistical analyses
All data are expressed as the median and range, unless
otherwise specified. Statistical analyses were performed
using the JMP 11 software package (SAS Institute, Cary,
NC, USA).

Results
Patient background characteristics
Of 64 candidate patients, five (three females and two
males) fulfilled the inclusion criteria and were enrolled
in this study. The entry procedure flowchart of the
patient selection process is summarized in (Fig. 1). The
characteristics of the five enrolled patients are summa-
rized in Table 1. Median age was 72 (70–82) years.
Underlying diseases included rheumatic diseases in four
patients (giant cell arteritis with polymyalgia rheumatica,
polymyalgia rheumatica, granulomatosis with polyangiitis,
and microscopic polyangiitis) and renal disease in one
patient (membranoproliferative glomerulonephritis with
cryoglobulinemia). The C-reactive protein (CRP) level was
elevated in all four patients with rheumatic disease, but
was within the normal range in the one patient with renal
disease. The median serum creatinine level was 0.7 (0.5–
2.3) mg/dL and two patients exhibited eGFR of ≤60 mL/
minute/1.73 m2. HbA1c was 5.8% (4.6–6.2) and serum gly-
cated albumin was 14.4% (11.8–15.1). The median daily
dose of prednisolone was 30 (20–50) mg.

Clinical course
The one patient with renal disease did not develop
GC-DM but withdrew at day 19 because of a hospital
transfer. The other four patients with rheumatic disease
developed GC-DM within 1 week. All patients were
diagnosed as having GC-DM by the postprandial but not
the fasting glucose level. All patients continued taking

linagliptin for the observational period. Two of the four
patients with GC-DM required additional orally admin-
istered medications (one patient received 0.5 mg of repa-
glinide daily and the other received 0.3 mg of voglibose
daily). No patients required insulin injection therapy.
The median HbA1c levels were (N = 3 for all) 5.4% (5.3–
6.1) at 4 weeks, 5.5% (4.9–5.6) at 8 weeks, and 5.7%
(5.1–5.9) at 12 weeks.
The weekly trends of glucose levels before and after

each meal are shown in (Fig. 2). The glucose level before
breakfast was the lowest of the day at any week. Glucose
levels before breakfast and lunch tended to decrease
week by week, but the glucose levels after lunch
remained high throughout the study period despite
decreasing the prednisolone dosage (Fig. 2).

Safety
During the 12-week follow-up period, neither elevated
serum amylase nor overt pancreatitis occurred in all
cases. Grade 1 hypoglycemia occurred in two patients
(one patient with GC-DM and the other without
GC-DM). Hypoglycemia occurred in the morning after
overnight fasting at days 13 and 14 after the initiation of
GC therapy in two different patients. No other adverse
effects related to the treatment occurred.

Discussion
The principal findings of the present study are that four
of five non-diabetic patients developed GC-DM in spite
of the concomitant use of a DPP-4 inhibitor. Two
patients required additional orally administered medica-
tions, but no patients required insulin injection therapy.
All four patients with rheumatic disease developed

GC-DM within a few days. The one patient with renal
disease did not develop DM up to day 19 when they
withdrew from the study. The proportion of patients
that developed GC-DM in the present population was
similar to our previous observational study in spite of

Fig. 1 Flowchart of the study protocol. GC-DM glucocorticoid-induced diabetes mellitus
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the concomitant use of a DPP-4 inhibitor [3]. Previous
reports showed that a GLP-1 receptor agonist prevented
GC-induced glucose intolerance, but that a DPP-4 inhibi-
tor failed to improve this effect [12, 18]. These results sug-
gest that DPP-4 inhibitors might have insufficient efficacy
to prevent the development of GC-DM.
All patients that developed GC-DM exhibited increased

levels of CRP at baseline. The inflammatory state is known
to exacerbate insulin resistance [19]. Therefore, it may be
more difficult to prevent the development of GC-DM in
patients with rheumatic disease compared to those with-
out inflammation. Because elevated HbA1c levels are a
risk factor for GC-DM, a low titer of HbA1c at baseline
may be related to the onset of GC-DM.
DPP-4 inhibitors may decrease the requirement for

insulin injection therapy for the treatment of GC-DM.
Although two patients required orally administered medi-
cations such as a glinide or an α-GI, no patients required

insulin injection therapy in the present study. A study from
33 years ago reported that insulin injection therapy was
required in 50% of renal transplant recipients who were
given high-dose GC therapy [9] while a recent study indi-
cated that nateglinide and acarbose improved postprandial
hyperglycemia in patients with GC-DM [10]. These find-
ings suggested that concomitant use of a glinide, α-GI, and/
or a DPP-4 inhibitor enable tight control of postprandial
hyperglycemia in patients with GC-DM without the need
for insulin injection therapy.
All patients with GC-DM were diagnosed by postprandial

glucose levels within a few days. Overt hyperglycemia
developed between 21 and 270 days after transplantation
(mean 65 days) [20] but measurement points were not de-
scribed in that study. Postprandial glucose levels increased
from the first day of GC administration in this study. Thus,
GC-DM can be diagnosed within a few days if postprandial
glucose levels are measured daily after the initiation of GC

Table 1 Baseline characteristics of enrolled patients

Patient
no.

Gender
/ age

Family
history
of diabetes

Underlying disease BMI Maximum
dose
of PSL

CRP eGFR HbA1c Triglyceride LDL / HDL

ratio

kg/m2 mg/day mg/dL mL/min/
1.73m2

% mg/dL

1 F / 82 Absent Giant cell arteritis with
polymyalgia rheumatica

16.3 30 4.2 47.1 5.8 94 2.2

2 F / 70 Present Polymyalgia rheumatica 20.3 20 11.9 86.6 5.7 111 2.0

3 M / 72 Absent Granulomatosis with
polyangiitis

19.1 50 10.3 80.2 6.2 100 2.6

4 F / 77 Absent Microscopic polyangiitis 20.5 35 11.3 16.3 5.9 118 1.1

5 M / 70 Absent Membranoproliferative
glomerulonephritis
with cryoglobulinemia

18.4 30 0.16 100.2 4.6 82 0.2

BMI body mass index, CRP C-reactive protein, eGFR estimated glomerular filtration rate, F female, HbA1c hemoglobin A1c, HDL high-density lipoprotein cholesterol,
LDL low-density lipoprotein cholesterol, M male, PSL prednisolone

Fig. 2 Blood glucose levels of patients before and after meals. Data are expressed as the average blood glucose level and a range before and
after each meal from weeks one to four. Prednisolone doses are given as the median and range. PSL prednisolone
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therapy. Postprandial hyperglycemia from lunch to dinner
remained high after 4 weeks. These results indicated that
treatment of GC-DM was necessary for at least 1 month
once GC-DM developed.
In contrast to hyperglycemia, fasting blood glucose

levels decreased week by week, and two patients experi-
enced mild hypoglycemia after approximately 2 weeks.
Only one of these patients had GC-DM. A previous re-
port showed that glucose levels before breakfast were
lowest among patients using continuous glucose moni-
toring 4 weeks after initiation of GC therapy [21].
Another recent report showed that fasting blood glucose
levels were significantly lower in patients with rheumatic
disease treated with GC than those without GC, who
had not been diagnosed with DM previously [22]. In the
present study, increase of insulin secretion by DPP-4
inhibitors via night hyperglycemia might cause fasting
hypoglycemia in the morning. These results suggested
that fasting hypoglycemia in the early morning after 2
weeks of GC therapy was a notable adverse effect in
patients with GC-DM with DPP-4 inhibitors.
We acknowledge that our study is subject to several

limitations. Because this was a pilot study, the sample
size was small and data collection was confined to
3 months. Thus, the results were insufficient to confirm
the efficacy and safety of linagliptin for GC-DM. How-
ever, we concluded that the extension of the study was
not ethical because four of the five patients developed
GC-DM. It is possible that the need for insulin injection
therapy can be reduced or eliminated. Furthermore, it
appears that fasting hypoglycemia in the early morning
after 2 weeks of GC therapy should be monitored. Fur-
thermore, we did not screen enrolled patients with the
75-g oral glucose tolerance test (OGTT) in this study.
Actually, OGTT is not always performed in the clinical
setting of patients who need GC treatment without clin-
ically apparent DM, even if it is better to screen by
OGTT. We have already evaluated that an older age,
higher HbA1c level, and lower eGFR were independent
risk factors for the development of GC-DM in such a
situation [3]. We confirmed that GC-DM really devel-
oped to a high rate and DPP-4 inhibitors might have
insufficient efficacy to prevent the development of GC-DM
in this study.

Conclusions
The results of this preliminary study indicated that
linagliptin may be insufficient to prevent the develop-
ment of GC-DM, but may decrease the requirement
for insulin injection therapy. Treatment of GC-DM
was necessary for at least 1 month after GC-DM de-
veloped, and fasting hypoglycemia in early morning
should be monitored after 2 weeks of GC therapy
with DPP-4 inhibitors.

Availability of data and materials
Please contact the corresponding author for data requests.

Authors’ contributions
KS conceived of and designed the study. YM and KS acquired, analyzed, and
interpreted data and drafted the manuscript. YM, KS, YMa, and JW revised
the manuscript critically for important intellectual content. All authors read
and approved the final manuscript.

Ethics approval and consent to participate
This study was conducted in compliance with the principles of the Declaration
of Helsinki, and the protocol was approved by the Ethics Committee of the
Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical
Sciences (m05003) and registered as a clinical trial (P-GDM-Lina: A pilot study
on prevention of glucocorticoid-induced diabetes mellitus by linagliptin, Japan,
#UMIN000015588). Written informed consent was obtained from each patient
by the attending physician or investigator before any screening or inclusion
procedure.

Competing interests
Jun Wada received speaker honoraria (less than $10,000 each) from Astellas,
Boehringer Ingelheim, Novartis, and Tanabe Mitsubishi, and receives grant
support (more than $10,000 each) from Astellas, Bayer, Chugai, Daiichi
Sankyo, Kissei, Kyowa Hakko Kirin, MSD, Otsuka, Teijin, Torii, Pfizer, Takeda, and
Taisho Toyama.

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

Received: 17 December 2017 Accepted: 28 August 2018

References
1. Gulliford MC, Charlton J, Latinovic R. Risk of diabetes associated with

prescribed glucocorticoids in a large population. Diabetes Care. 2006;29(12):
2728–9.

2. 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.

3. Katsuyama T, Sada KE, Namba S, Watanabe H, Katsuyama E, Yamanari T, et
al. Risk factors for the development of glucocorticoid-induced diabetes
mellitus. Diabetes Res Clin Pract. 2015;108(2):273–9.

4. McMahon M, Gerich J, Rizza R. Effects of glucocorticoids on carbohydrate
metabolism. Diabetes Metab Rev. 1988;4(1):17–30.

5. van Raalte DH, Nofrate V, Bunck MC, van Iersel T, Elassaiss Schaap J,
Nassander UK, et al. Acute and 2-week exposure to prednisolone impair
different aspects of beta-cell function in healthy men. Eur J Endocrinol Eur
Federat Endoc Soc. 2010;162(4):729–35.

6. van Raalte DH, Kwa KA, van Genugten RE, Tushuizen ME, Holst JJ, Deacon
CF, et al. Islet-cell dysfunction induced by glucocorticoid treatment:
potential role for altered sympathovagal balance? Metab Clin Exp. 2013;
62(4):568–77.

7. Uzu T, Harada T, Sakaguchi M, Kanasaki M, Isshiki K, Araki S, et al.
Glucocorticoid-induced diabetes mellitus: prevalence and risk factors in
primary renal diseases. Nephron Clin Pract. 2007;105(2):c54–7.

8. Clement S, Braithwaite SS, Magee MF, Ahmann A, Smith EP, Schafer RG, et
al. Management of diabetes and hyperglycemia in hospitals. Diabetes Care.
2004;27(2):553–91.

9. Arner P, Gunnarsson R, Blomdahl S, Groth CG. Some characteristics of
steroid diabetes: a study in renal-transplant recipients receiving high-dose
corticosteroid therapy. Diabetes Care. 1983;6(1):23–5.

10. Ito S, Ogishima H, Kondo Y, Sugihara M, Hayashi T, Chino Y, et al. Early
diagnosis and treatment of steroid-induced diabetes mellitus in patients
with rheumatoid arthritis and other connective tissue diseases. Modern
Rheumatol Jpn Rheum Assoc. 2014;24(1):52–9.

11. Drucker DJ, Nauck MA. The incretin system: glucagon-like peptide-1
receptor agonists and dipeptidyl peptidase-4 inhibitors in type 2 diabetes.
Lancet. 2006;368(9548):1696–705.

12. van Raalte DH, van Genugten RE, Linssen MM, Ouwens DM, Diamant M.
Glucagon-like peptide-1 receptor agonist treatment prevents

Miyawaki et al. Journal of Medical Case Reports  (2018) 12:288 Page 5 of 6



glucocorticoid-induced glucose intolerance and islet-cell dysfunction in
humans. Diabetes Care. 2011;34(2):412–7.

13. Weinstein SP, Paquin T, Pritsker A, Haber RS. Glucocorticoid-induced insulin
resistance: dexamethasone inhibits the activation of glucose transport in rat
skeletal muscle by both insulin- and non-insulin-related stimuli. Diabetes.
1995;44(4):441–5.

14. 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.

15. Perez A, Jansen-Chaparro S, Saigi I, Bernal-Lopez MR, Minambres I, Gomez-
Huelgas R. Glucocorticoid-induced hyperglycemia. J Diabetes. 2014;6(1):9–20.

16. Giannocco G, Oliveira KC, Crajoinas RO, Venturini G, Salles TA, Fonseca-
Alaniz MH, et al. Dipeptidyl peptidase IV inhibition upregulates GLUT4
translocation and expression in heart and skeletal muscle of spontaneously
hypertensive rats. Eur J Pharmacol. 2013;698(1–3):74–86.

17. Mostafa AM, Hamdy NM, El-Mesallamy HO, Abdel-Rahman SZ. Glucagon-like
peptide 1 (GLP-1)-based therapy upregulates LXR-ABCA1/ABCG1 cascade in
adipocytes. Biochem Biophys Res Commun. 2015;468(4):900–5.

18. van Genugten RE, van Raalte DH, Muskiet MH, Heymans MW, Pouwels PJ,
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 Eur Federat
Endoc Soc. 2014;170(3):429–39.

19. Dessein PH, Joffe BI. Insulin resistance and impaired beta cell function in
rheumatoid arthritis. Arthritis Rheum. 2006;54(9):2765–75.

20. Hricik DE, Bartucci MR, Moir EJ, Mayes JT, Schulak JA. Effects of steroid
withdrawal on posttransplant diabetes mellitus in cyclosporine-treated renal
transplant recipients. Transplantation. 1991;51(2):374–7.

21. 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(6):1789–96.

22. Burt MG, Willenberg VM, Petersons CJ, Smith MD, Ahern MJ, Stranks SN.
Screening for diabetes in patients with inflammatory rheumatological
disease administered long-term prednisolone: a cross-sectional study.
Rheumatol (Oxford, England). 2012;51(6):1112–9.

Miyawaki et al. Journal of Medical Case Reports  (2018) 12:288 Page 6 of 6


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Patients
	Treatment protocol
	Data collection
	Outcome measures
	Statistical analyses

	Results
	Patient background characteristics
	Clinical course
	Safety

	Discussion
	Conclusions
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	References

