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1 | BACKGROUND

High-dose corticosteroid therapy is vital for anti-inflammation or immu-
nosuppression in certain diseases but often causes hyperglycaemia,
treated with insulin injections.! Steroid-induced hyperglycaemia can
result from both high-dose and consistent low- to intermediate-dose
corticosteroids. Approximately 10%-15% of hospitalised patients con-
sistently use corticosteroids, leading to hyperglycaemia in 56%-86% of
individuals, regardless of preexisting diabetes.® Insulin is the recom-
mended treatment for this hyperglycaemia.® Given that sodium-glucose
cotransporter 2 inhibitors (SGLT2i) added to insulin therapy typically
lower glycaemia and reduce insulin requirements in patients with
diabetes,>® we hypothesised that SGLT2i could mitigate hyperglycae-
mia induced by high-dose corticosteroid therapy in individuals with dia-
betes. Consequently, we investigated the effects of SGLT2i on
hyperglycaemia caused by high-dose intravenous corticosteroid pulse

treatment in patients with type 2 diabetes.

2 | METHODS

We retrospectively collected electronic medical records of patients
with type 2 diabetes hospitalised at Kyoto University Hospital

between April 2014 and March 2022 who received high-dose cortico-
steroid therapy for facial paralysis or idiopathic sudden sensorineural
hearing loss. These patients received intravenous corticosteroid ther-
apy with 200 mg prednisolone sodium succinate daily for 3 days, fol-
lowed by 100 mg daily for 3 days, and 50 mg daily for another 3 days.
Older patients received a half-dose. Preprandial blood glucose levels
were measured using point-of-care (POC) testing devices (PocketChem
BG, Arkray, Kyoto, Japan). Data on additional insulin doses used during
steroid therapy were also collected. The study was approved by Kyoto
University Graduate School and Faculty of Medicine Ethics Committee
(R2305-3).

Eligible patients were identified from medical records using the
medical information unit's sorting system. The criteria were as follows:
(1) primary diagnosis of facial paralysis or idiopathic sudden sensori-
neural hearing loss, (2) comorbid diagnosis of type 2 diabetes, (3) intra-
venous prednisolone sodium succinate administration and (4) POC
capillary (finger-stick) glucose monitoring records measured by health-
care professionals in hospitals. Exclusion criteria included (1) early dis-
charge before the third prednisolone dose and (2) incomplete records
of three daily preprandial blood glucose measurements in the hospital.

Demographic and clinical information, including medications,
anthropometric data, and HbA1c and preprandial blood glucose levels,
were systematically collected from medical records. HbA1lc levels
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were measured before or shortly after admission. The impact of SGLT2i
on mean preprandial blood glucose levels during the 7-day hospital stay
(pre-breakfast, pre-lunch and pre-dinner levels from day 2 to day 8)
was assessed using multiple linear regression analyses. The effects on
add-on insulin administered during the 8-day hospital stay (days 1 to 8)
under high-dose corticosteroid therapy were also analysed. Statistical
significance was set at p <0.05. JMP Pro®, version 16.2.0 (SAS Institute
Inc., Cary, NC, USA) was used for statistical analyses.

3 | RESULTS

From April 2014 to March 2022, data on 46 patients with type 2 dia-
betes hospitalised for a 9-day course of high-dose intravenous corti-
costeroids for facial paralysis or idiopathic sudden sensorineural
hearing loss were extracted from electronic medical records. Three
were excluded due to early discharge, three for incomplete POC blood
glucose monitoring, and one for 15 repeated hypoglycaemic episodes,
leaving 39 patients for analysis (Figure S1). The mean age was
63.5 years with a standard deviation of 11.7 years, BMI was 26.0
+ 44 kg/m?, HbAlc was 7.4% + 1.7% (57 mmol/mol), preprandial
blood glucose level during prednisolone therapy was 189.6 +
52.2 mg/dL, and the total additional insulin dose required was 62.8 +
60.9 units per hospital stay. The concurrent use of medications and
patient characteristics are shown in Table 1, stratified by SGLT2 inhib-
itor use (Table 1).

From potential confounders—age, sex, BMI, HbAlc and predniso-
lone dose—only HbA1lc and age were significant determinants of pre-
prandial blood glucose levels by stepwise regression. For the add-on
insulin required for glycaemic control during corticosteroid therapy,
HbA1c and pre-therapy insulin dose emerged as significant determi-
nants from the same set of confounders. HbAlc and age were used to
adjust the regression model of preprandial blood glucose levels, while
HbA1c and pre-therapy insulin dose were used in the regression anal-
ysis of insulin dosage.

In contrast to other medications, concurrent SGLT2i use signifi-
cantly influenced lower mean preprandial blood glucose levels com-
pared with non-use after adjusting for HbAlc and age (B = —31.8,
p = 0.048) (Figure 1). Other medications, including DPP4i (B = 5.9,
p = 0.632), metformin (B = —17.1, p =0.170), sulfonylureas (B =
20.0, p = 0.187), a-glucosidase inhibitors (B = —18.2, p = 0.325) and
meglitinides (B = —21.0, p = 0.316), did not show a significant influ-
ence on preprandial blood glucose levels. Although not statistically
significant, concurrent SGLT2i use tended to reduce the additional
insulin dose needed to manage glycaemia during corticosteroid ther-
apy after adjusting for HbAlc and pre-corticosteroid insulin doses
(B = —34.8, p = 0.060), a trend not observed with other hypoglycaemic
medications, including DPP4i (B = 8.6, p = 0.538), metformin (B = —15.4,
p = 0.282), sulfonylureas (B = 6.3, p = 0.720), a-glucosidase inhibitors
(B=-239, p=0.257) and meglitinides (B=—-229, p=0.334).
(Figure S2). No adverse events, such as ketosis or urinary tract infection,

were reported.

SGLT2i user SGLT2i no-user AT TABLE 1 Characteristics of patients.

Age (years) 619 £11.3 63.9 £ 11.9 0.486
Male/female (n) 5/2 18/14 0.678
Weight (kg) 734 +168 66.5+16.3 0.213
BMI (kg/m?) 272+43 258 4.5 0.306
HbA1c (NGSP) (%) 83+28 7.3+13 0.486
HbA1c (IFCC) (mmol/mol) 68 + 31 56 + 14 —
Half-dose prednisolone (n) 1(14.3) 15 (46.9) 0.206
Concurrent medication

SGLT2 inhibitors (yes, %) 7 (100) 0

Insulin (yes, %) 7 (100) 30(93.8) 1.000

DPP4 inhibitors (yes, %) 5(71.4) 14 (43.8) 0.235

Metformin (yes, %) 4(57.1) 11 (34.4) 0.396

Sulfonylurea (yes, %) 1(14.3) 7 (21.9) 1.000

a-Glucosidase inhibitors (yes, %) 3(42.9) 3 (9. 0.059

Meglitinides (yes, %) 2 (28.6) 2 (6. 0.141

GLP-1 RAs (yes, %) 0(0) 2 (6. 1.000

Pioglitazone (yes, %) 0(0) 1(3. 1.000
Mean preprandial glucose (mg/dL) 182.4 £42.3 191.2 £ 54.6 0.714
Add-on insulin doses per hospital stay (units) 62.4 +458 62.9 + 64.3 0.855

Note: Data are shown as mean + SD/number (%). p Values are from Wilcoxon rank-sum test and Fisher's

exact test.

Abbreviations: BMI, body mass index; GLP-1 RAs, glucagon-like peptide-1 receptor agonists; HbA1c

(NGSP), haemoglobin Alc (National Glycohemoglobin Standardization Program).
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FIGURE 1 Impact of concurrent diabetes medication on steroid-

induced hyperglycaemia. The partial regression coefficients of each
medication after adjusting for HbA1c and age in the multiple
regression analyses for mean preprandial blood glucose levels are
indicated by €. Error bars indicate 95% confidence interval. A p value
of <0.05 is presented as *. SGLT2i, sodium-glucose cotransporter

2 inhibitors.

4 | CONCLUSIONS

SGLT2i was the only medication, besides insulin, significantly linked to
decreased hyperglycaemia during corticosteroid therapy, requiring a
relatively low add-on insulin dose in this observational study. This
result is likely due to an insulin-independent effect on the renal glu-
cose threshold. SGLT2i is known to decrease glycaemic excursions,*>
and this effect is more pronounced than that of metformin or glicla-
zide.*” Steroid-induced glucose excursions may be effectively tar-
geted by SGLT2i.

Steroid-induced hyperglycaemia has a poor prognosis.2 In hospitals,
over half of patients on high-dose steroids develop hyperglycaemia,? typ-
ically managed with insulin injections. Optimal corticosteroid regimens

for facial paralysis have been established,*%**

and systemic corticoste-
roid therapy for idiopathic sudden sensorineural hearing loss is common
in Japan and optional in America.}?>*® Blood glucose increases and insulin
dose requirements vary among patients; therefore, insulin adjustments
are based on the anticipated dose and duration of glucocorticoid treat-
ment and subsequent glycaemia levels.? Daily insulin adjustments require
careful management to avoid hypo- or hyperglycaemia.

Glucocorticoids act as counter-regulatory hormones to insulin. Ele-
vated glucocorticoid levels combined with dehydration predispose indi-
viduals to ketosis.®* While no patients in this study showed ketosis
symptoms, the risk associated with SGLT2i use under high-dose corti-
costeroid therapy remains. In hospitalised patients, dehydration can be
managed by monitoring and treatment. Patients with facial paralysis or
idiopathic sudden sensorineural hearing loss typically maintain good
general health, presenting no clear contraindications for SGLT2i.

Individuals with diabetes treated with SGLT2i exhibit reduced
hyperglycaemia during high-dose steroid therapy. The potential benefits
of continuing SGLT2i in the setting of steroid administration should not

be overlooked. However, limitations include the observational design,
small sample size, few patients using GLP-1 receptor agonists, and none
using GIP/GLP-1 receptor agonist or imeglimin. Further research is
needed to confirm the benefits of SGLT2i in patients with diabetes hos-
pitalised for high-dose corticosteroid therapy.
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