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Glucocorticoids provide a potent therapeutic response and are widely used to treat a variety of diseases, including coronavirus dis-
ease 2019 (COVID-19) infection. However, the issue of glucocorticoid-induced hyperglycemia (GIH), which is observed in over
one-third of patients treated with glucocorticoids, is often neglected. To improve the clinical course and prognosis of diseases that
necessitate glucocorticoid therapy, proper management of GIH is essential. The key pathophysiology of GIH includes systemic insu-
lin resistance, which exacerbates hepatic steatosis and visceral obesity, as well as proteolysis and lipolysis of muscle and adipose tis-
sue, coupled with B-cell dysfunction. For patients on glucocorticoid therapy, risk stratification should be conducted through a de-
tailed baseline evaluation, and frequent glucose monitoring is recommended to detect the onset of GIH, particularly in high-risk indi-
viduals. Patients with confirmed GIH who require treatment should follow an insulin-centered regimen that varies depending on
whether they are inpatients or outpatients, as well as the type and dosage of glucocorticoid used. The ideal strategy to maintain nor-
moglycemia while preventing hypoglycemia is to combine basal-bolus insulin and correction doses with a continuous glucose moni-
toring system. This review focuses on the current understanding and latest evidence concerning GIH, incorporating insights gained
from the COVID-19 pandemic.
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INTRODUCTION

Glucocorticoids provide a potent therapeutic response with few
alternatives, and they are utilized in treating a broad spectrum of
conditions, including inflammatory diseases, immunosuppres-
sion following transplantation, anti-allergic reactions, and im-
proving the prognosis of shock in critically ill patients. In the
UK, over 10% of hospitalized patients are prescribed glucocor-
ticoids, with more than half of them using these drugs for longer
than 10 days [1]. Despite their relatively low cost, the global

market for glucocorticoids has reached nearly 5 billion dollars,
a figure that is expected to grow in the aftermath of the corona-
virus disease 2019 (COVID-19) pandemic [2]. The increased
use of glucocorticoids has raised concerns about metabolic side
effects and associated health issues, particularly glucocorticoid-
induced hyperglycemia (GIH). The hyperglycemic effects of
glucocorticoids are dose-dependent and can manifest rapidly,
often within hours of administration [3]. Prolonged, high-dose
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glucocorticoid therapy heightens the risk of hyperglycemia, re-
gardless of whether a patient has diabetes, and can lead to se-
verely uncontrolled hyperglycemia in those with pre-existing
diabetes [4]. In individuals without diabetes, glucocorticoid use
is associated with a twofold higher risk of hyperglycemia [5].
Despite the increasing burden of GIH, it is often underesti-
mated or neglected by many healthcare professionals. Despite
the importance of determining baseline hyperglycemia, fewer
than one-third of patients undergo glycemic evaluation prior to
glucocorticoid administration [6]. In studies on GIH in inpa-
tients, 25% to 80% of patients did not receive glucose monitor-
ing even though they were hospitalized [1,7]. The COVID-19
pandemic has necessitated the use of a high-potency glucocorti-
coid (dexamethasone) to treat patients with severe COVID-19
cases [8]. Therefore, this review aims to highlight the current
status of GIH and the latest evidence on its pathophysiology,
clinical course, risk factor assessment, diagnosis, and treatment.

EPIDEMIOLOGY

Currently, 1% of the general population and 2.5% of older adults
receive oral glucocorticoid therapy [9]. In a prospective study of
a primary care population diagnosed with diabetes from 2003 to
2004, the incidence of GIH resulting from oral glucocorticoid
therapy was estimated to be 2% [10]. The risk of GIH is more
pronounced in inpatients. According to a study by Donihi et al.
[7], half of the inpatients who had not previously been diag-
nosed with diabetes experienced more than one episode of hy-
perglycemia, with blood glucose levels of 200 mg/dL or higher.
Similar results were observed in a study that detected new cases
of GIH using the same glucose threshold (=200 mg/dL) with a
continuous glucose monitoring system (CGMYS) in steroid-naive
dermatological patients undergoing systemic glucocorticoid
treatment [11]. Another study involving patients without diabe-
tes and using a lower threshold for GIH (random blood glucose
between 145 and 180 mg/dL) found that a larger proportion of
patients (70 to 86%) experienced hyperglycemia at least once,
with nearly half of all patients having a mean blood glucose lev-
el exceeding 140 mg/dL [12].

A recent retrospective study that included 2,424 inpatients
over a 4-year period reported an overall incidence of GIH of
34% [13]. After standard immunosuppressive treatment, which
included intravenous methylprednisolone and oral prednisone
after kidney transplantation, most patients (87%) without pre-
transplant diabetes exhibited hyperglycemia, and two-thirds re-
quired insulin at discharge [14]. Inpatients with community-ac-
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quired pneumonia who were treated with 50 mg of prednisone
daily for 1 week had an in-hospital hyperglycemia incidence of
approximately 20%, with the odds ratio (OR) for hyperglycemia
compared to placebo being 1.96 [15]. A retrospective analysis
of elderly individuals with an average age of 75 years showed a
GIH incidence rate of 12% [16]. A subsequent review of several
case-control and retrospective studies, including this one, indi-
cated that the relative risk of developing new GIH in patients
without a previous history of hyperglycemia ranged from 1.3 to
2.3, with the total dose and duration of treatment being strong
predictors of GIH development [5]. A meta-analysis of approxi-
mately 35,000 participants from 13 studies in non-diabetic pa-
tients who underwent glucocorticoid treatment for at least 1
month found a GIH incidence of 32% [17], consistent with the
results of other previous studies [16,18]. Another recent meta-
analysis that pooled data from 118 randomized controlled trials
reported a GIH prevalence of 10% (OR, 2.1), with severe hy-
perglycemia—defined as requiring treatment, newly diagnosed
diabetes, or withdrawal from the study due to being reported as
a serious adverse event—at 5% [19]. In summary, the incidence
of GIH varies depending on the study design and the threshold
set for hyperglycemia, but it is often observed to be in the range
0f 20% to 30%, with a relative risk of approximately double.

PATHOPHYSIOLOGY

Key aspects of the pathophysiology of GIH are summarized in
Fig. 1.

Insulin resistance

Insulin resistance is the core pathophysiology of diabetes [20].
This cascade could be accelerated following glucocorticoid ad-
ministration. Glucocorticoid play an important role in adipogen-
esis and adipose tissue metabolism, increasing visceral rather
than peripheral fat storage [21]. They promote the differentia-
tion of preadipocytes into mature adipocytes, increase visceral
adiposity by selectively enhancing the affinity of lipoprotein li-
pase for visceral adipose tissue, and stimulate lipolysis to pro-
duce non-esterified fatty acids, which are not suppressed by in-
sulin [22]. The actions of various adipokines, including the up-
regulation of leptin and resistin due to an increase in white adi-
pose tissue, contribute to insulin resistance. Interestingly, the
appetite-suppressing effect of leptin is counteracted by gluco-
corticoids [23,24]. In contrast to the increase in white adipose
tissue, a suppression of energy expenditure due to the inhibition
of the browning of adipose tissue and a decline in its function
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Fig. 1. Key aspects of the pathophysiology of glucocorticoid-induced hyperglycemia. Modified from Li et al. [9], with permission from
Springer Nature.

have been observed in rats [25]. creasing the rate of protein synthesis and activating multiple

In addition to adipose tissue, muscle contributes to the insulin ~ protein degradation pathways, resulting in a reduction of skele-
resistance caused by glucocorticoids. The increase in non-ester-  tal muscle mass [27]. Furthermore, glucocorticoids may con-
ified fatty acids from lipolysis leads to their ectopic accumula-  tribute to insulin resistance in skeletal muscle by directly inhib-
tion in skeletal muscle, which exacerbates insulin resistance iting the translocation of glucose transporter 4 to the cell mem-
[26]. Glucocorticoids further promote insulin resistance by de-  brane, thereby interfering with insulin signaling and reducing
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glycogen synthesis kinase 3 phosphorylation [28].

B-Cell dysfunction

Pronounced glucose intolerance due to insulin resistance leads
to subsequent B-cell dysfunction. The suppressive effect on
B-cells from acute glucocorticoid treatment within a few hours
is counterbalanced by an increase in insulin secretion from
healthy B-cells, which leads to subtle changes in blood glucose
levels [29]. GIH is also associated with an early increase in
B-cell mass in a dose-dependent manner [30]. However, pro-
longed exposure to glucocorticoids disrupts this compensatory
mechanism that maintains normoglycemia. The ability of glu-
cocorticoids to inhibit insulin synthesis by inducing apoptosis
through endoplasmic reticulum stress in -cells has been dem-
onstrated in a rat model of insulinoma [31]. Additionally, circu-
lating non-esterified fatty acids accumulate in the pancreas and
contribute to B-cell dysfunction [27]. When glucocorticoids are
administered to healthy subjects for 1 to 7 days, impaired glu-
cose tolerance accompanied by insulin resistance is observed
[32]. Populations at higher risk for diabetes due to B-cell over-
load include those with a family history of diabetes and those
using immunosuppressants for underlying autoimmune diseases
[33,34].

Liver

The liver plays a crucial role in maintaining glucose homeosta-
sis, which can be disrupted by glucocorticoids. Schneiter and
Tappy [3] demonstrated that glucocorticoids are linked to a de-
creased ability of plasma glucose to suppress gluconeogenesis
in the liver. Glucocorticoids directly increase hepatic glucose
production by altering the molecular regulation of gluconeo-
genic enzyme expression, including phosphoenolpyruvate car-
boxykinase and glucose-6-phosphatase [35]. Additionally, glu-
cocorticoids enhance the supply of substrates for hepatic gluco-
neogenesis and facilitate the transport of metabolites across the
mitochondrial membrane [36]. Glucocorticoids counteract the
metabolic effects of insulin, promoting gluconeogenesis through
the loss of insulin-mediated inhibition [35]. Furthermore, a
study on nuclear peroxisome proliferator-activated receptor o
knockout mice revealed that glucocorticoids induce hepatic glu-
coneogenesis in a manner dependent on nuclear peroxisome
proliferator-activated receptor o expression [37]. The hepatic
secretion of very low-density lipoprotein and the uptake of cir-
culating non-esterified fatty acids are increased in the presence
of glucocorticoids [38]. This leads to a synergistic stimulation
of de novo lipogenesis and the subsequent accumulation of in-
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trahepatic lipids, creating a vicious cycle that exacerbates hepat-
ic insulin resistance and hyperglycemia [9].

CLINICAL COURSE AND PROGNOSIS

Hyperglycemia is linked to a worsening prognosis in a variety
of diseases and conditions. Acute hyperglycemia following a
cardiovascular disease diagnosis has been identified as a predic-
tor of mortality and poor prognosis, even in patients without
prior diabetes [39,40]. This impact of stress-induced hypergly-
cemia has also been observed in critically ill inpatients with
trauma and sepsis, conditions not directly related to the patho-
physiology of diabetes [41,42]. Conversely, effective manage-
ment of transient hyperglycemia is associated with reduced
mortality and morbidity, whether or not the patient is critically
ill [43,44]. GIH is a known trigger for poor prognosis in clinical
practice. Ongoing glucocorticoid therapy for inflammatory dis-
eases has been shown to increase the risk of future cardiovascu-
lar events through multiple pathways [45]. A retrospective anal-
ysis assessing the 30-day prognosis for mortality, cardiovascular
events, and infection rates found that these outcomes were sig-
nificantly more common in patients with GIH than in those with
normoglycemia [13].

Glucocorticoids suppress cell-mediated immune responses,
increasing the risk of infection [46], while acute hyperglycemia
itself compromises the host’s innate immunity against infection
[47]. Studies involving patients with hematologic malignancies,
such as acute lymphocytic leukemia and multiple myeloma,
have demonstrated an association between hyperglycemia in-
duced by induction therapy, including high-dose glucocorti-
coids, and severe infections [48,49]. In the context of solid tu-
mors, approximately 20% of non-diabetic cancer patients devel-
oped GIH after receiving the antiemetic dexamethasone during
chemotherapy [50]. Diabetes in post-transplant patients treated
with potent immunosuppressive therapy, including glucocorti-
coids, is associated with serious complications such as rejection
and graft failure, infection, cardiovascular disease, and death
[51]. It will be necessary to understand the clinical course of
glucocorticoids across a broad spectrum of diseases and to iden-
tify strategies to control and improve patient prognosis.

COVID-19 INFECTION

Since its initial identification in China in 2019, the COVID-19
pandemic has resulted in over 700 million reported cases and 7
million deaths by 2023 [52]. The development of hyperglyce-
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Fig. 2. Schematic diagram of hyperglycemia in hospitalized patients with coronavirus disease 2019 (COVID-19) infection receiving respira-

tory support.

mia and diabetes following COVID-19 infection is part of a bi-
directional relationship involving a complex interplay of im-
mune responses, either directly or indirectly triggered by the vi-
rus, stress-induced hyperglycemia, and the use of glucocorti-
coids [53]. The proinflammatory metabolic state induced by
COVID-19 infection lays the groundwork for an intensified vi-
ral inflammatory response, leading to insulin resistance and
stress hyperglycemia. This situation is further exacerbated by
systemic shock and multiorgan failure [54]. COVID-19 has a
direct toxic effect on pancreatic -cells and hepatocytes, exacer-
bating hyperglycemia through B-cell dysfunction and increased
gluconeogenesis [53,55]. A meta-analysis examining the link
between hyperglycemia and COVID-19 infection found that the
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risk was especially significant in cases of severe disease [56].
Hyperglycemia, or the coexistence of diabetes, contributes to a
worse clinical course and prognosis following COVID-19 in-
fection. Pre-existing diabetes and a fasting blood glucose level
of 126 mg/dL or higher upon admission were identified as inde-
pendent predictors of a poor prognosis [57]. Furthermore, an in-
creased incidence of diabetic ketoacidosis has been associated
with COVID-19 infection, which is believed to result from
B-cell dysfunction and systemic inflammation [53,58]. The
pathogenesis of hyperglycemia in hospitalized COVID-19 pa-
tients is depicted in Fig. 2.

To improve the prognosis of hospitalized adults with COV-
ID-19 who are receiving respiratory support, remdesivir is rec-
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ommended for patients with mild symptoms requiring conven-
tional oxygen [59]. For those with moderate to severe symp-
toms requiring high-flow oxygen or invasive ventilation, immu-
nomodulators such as baricitinib are suggested [59]. It is impor-
tant to note that dexamethasone administration is recommended
in both scenarios, except for patients who require minimal con-
ventional oxygen. This recommendation is based on the pivotal
results of the Randomized Evaluation of COVID-19 Therapy
(RECOVERY) trial, which demonstrated the therapeutic effect
of dexamethasone [8]. However, hyperglycemia was the most
frequently reported serious adverse event in this trial. As dexa-
methasone has become the standard treatment, the need for
management and expertise in GIH has grown [60]. The subse-
quent COVID STEROID 2 trial indicated that a higher dose of
dexamethasone—12 mg as opposed to the 6 mg used in the RE-
COVERY trial—may benefit patients requiring non-invasive or
mechanical ventilation [61], raising concerns about an increase
in GIH.

GIH induced by dexamethasone was particularly difficult to
control in patients with pre-existing diabetes [62]. Conversely,
controlling hyperglycemia with appropriate insulin therapy ap-
pears to be an effective way to improve the clinical outcomes of
COVID-19 patients [63]. This is supported by research showing
that patients who received insulin infusions had a lower risk of
developing severe disease compared to those who did not [64].
Considering the “triple insult” of impaired glucose metabolism,
insulin resistance, and impaired insulin production due to COV-
ID-19 and dexamethasone treatment, basal insulin doses may
need to be increased in hospitalized COVID-19 patients [65].
The late peak and prolonged duration of action of neutral prot-
amine Hagedorn (NPH) insulin align more closely with the
pathophysiological insulin resistance and hyperglycemia seen in
these patients. Therefore, the use of NPH in combination with
increased doses of basal insulin is generally considered an effec-
tive treatment [66]. However, a recent retrospective study found
no difference in mean blood glucose levels and other outcomes
when comparing NPH, insulin glargine, and a combination of
NPH and insulin glargine [62]. Further research is necessary to
determine the effectiveness of oral antidiabetic agents and the
most appropriate method of insulin administration to improve
the clinical course of GIH following COVID-19 infection.

PATIENT EVALUATION

As highlighted in the introduction, the first and most crucial step
in the effective management of GIH is to maintain clinical vigi-
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lance for the occurrence of GIH and to conduct a comprehen-
sive patient evaluation, ensuring that the associated risks are not
underestimated. Patients prescribed glucocorticoids should un-
dergo risk stratification to anticipate potential GIH. It is also
necessary to assess whether they have pre-existing hyperglyce-
mia or undiagnosed diabetes and to monitor them to determine
whether the GIH reaches a threshold that necessitates interven-
tion.

Risk factors and prediction

Several studies have been conducted to identify risk factors for
GIH, as shown in Table 1. Notable risk factors include the type,
route, dosage, and regimen of glucocorticoid administration,
previous GIH events, impaired fasting glucose or glucose toler-
ance, elevated glycated hemoglobin (HbAlc), a family history
of diabetes, advanced age, obesity, a low estimated glomerular
filtration rate, and the concurrent use of immunosuppressants
[9,67]. In patients hospitalized with rheumatic or renal disease
without diabetes, presence of one or more of these three risk
factors—defined as older age (=65 years), higher HbAlc (=
6.0%), or estimated glomerular filtration rate (<40 mL/min/
1.73 m?)—more than doubled the risk of developing GIH [68].
The Joint British Diabetes Societies have indicated that a supra-
physiologic dose of prednisolone equivalent to 5 mg or more
can be the threshold for the development of GIH, according to
their guidelines [69]. They also acknowledged the potential for
GIH to occur at lower doses.

Table 1. Risk Factors for Glucocorticoid-Induced Hyperglyce-
mia

Glucocorticoid Type
administration ~ Route
Dosage

Continuous regimen

Previous Previous GIH events
hyperglycemia  Impaired fasting glucose or glucose tolerance
HbAlc =6.0%
Others Advanced age
Obesity

eGFR <40 mL/min/1.73 m’
Concurrent use of immune-suppressants
Family history of diabetes

Polygenic score of diabetes

GIH, glucocorticoid-induced hyperglycemia; HbAlc, glycated hemo-
globin; eGFR, estimated glomerular filtration rate.
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Glucocorticoids administered through various routes can
cause GIH. Since the risk of hyperglycemia increases with the
dose of glucocorticoids, the relative risk of GIH from intrave-
nous administration—which is typically preferred for high dos-
es—was more than double that of oral administration [19]. Fur-
thermore, a positive dose-response relationship between inhaled
corticosteroids and diabetes has been demonstrated in multiple
large observational studies [70]. The use of topical steroids has
also been linked to the development of diabetes, with the cumu-
lative dose and duration of use being more influential than the
potency of the steroid, although the evidence for this association
is limited [71]. Continuous administration of glucocorticoids
was associated with a higher risk of GIH compared to a cyclic
regimen, with the incidence doubling [72]. The concurrent use
of mycophenolate mofetil and a high-dose glucocorticoid was
identified as an independent risk factor for GIH in patients with
systemic lupus erythematosus [34]. A previous study confirmed
the association of a family history of diabetes with GIH due to
B-cell dysfunction [33]. This finding was further supported by a
recent study that identified a significant association between
GIH and a polygenic score for diabetes, which predicts an indi-
vidual’s metabolic response to glucocorticoid treatment [73].

Baseline assessment and initial monitoring

Metabolic deterioration associated with insulin resistance, in-
cluding obesity, hyperlipidemia, and a history of hyperglycemia,
should be assessed, as these factors predispose individuals to
the development of GIH [9]. Furthermore, patients at high-risk
should be thoroughly questioned about their diabetes history,
and HbA Ic levels should be tested before initiating glucocorti-
coid therapy to exclude undiagnosed diabetes [67]. It is impor-
tant to recognize that HbAlc has diagnostic limitations due to
factors that alter red blood cell lifespan [74]. These factors in-
clude advanced age, use of immunosuppressants, autoimmune
diseases, chronic kidney disease, and hemoglobinopathies—
conditions in which glucocorticoids are commonly prescribed.
Therefore, detailed blood glucose monitoring is necessary to
corroborate HbA Ic results in these situations that can affect its
reliability.

Initial blood glucose monitoring is necessary for detecting the
onset of GIH, yet it is often neglected [1,6]. For inpatients pre-
scribed more than 5 mg of prednisolone or its equivalent, point-
of-care blood glucose monitoring is advised within the first 1 to
2 days of starting glucocorticoid therapy [43,69]. This is partic-
ularly important for those at an elevated risk of GIH, as indicat-
ed in Table 1. Patients without a history of diabetes should have
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their blood glucose levels checked at least once daily, ideally
before lunch or dinner if the glucocorticoid is administered in
the morning. If blood glucose levels exceed 216 mg/dL, it is
recommended to increase monitoring frequency to four times
daily [69]. Glucose monitoring can be stopped if blood glucose
levels remain below 140 mg/dL for a consistent period of 24 to
48 hours in patients without diabetes, while maintaining vigi-
lance for potential GIH [43,75]. For inpatients with pre-existing
diabetes, the frequency of glucose monitoring should be in-
creased, with at least four checks per day as per the standard
hospital protocol for patients with diabetes [43,44]. Outpatients
should be thoroughly educated about the symptoms of hyper-
glycemia and insulin deficiency. They should also understand
the importance of regular blood glucose monitoring, which
should include not only fasting blood glucose in the morning
but also postprandial levels after meals such as lunch or dinner.
It is important to note that blood glucose levels may not normal-
ize immediately after discontinuing glucocorticoid treatment
[76]. Therefore, ongoing and careful monitoring is required to
assess the persistent risk of GIH.

Diagnosis of GIH
An important consideration in the diagnosis of GIH is that it
should not be assessed solely by fasting blood glucose levels in
the morning, regardless of whether the patient is hospitalized or
has pre-existing diabetes. Typically, diabetes can be diagnosed
when a fasting blood glucose level of 126 mg/dL or higher is
confirmed on more than two occasions, or when these findings
are consistent with other testing methods [74]. There are addi-
tional factors to consider in the diagnosis of GIH, and under-
standing the characteristics of glucocorticoids is crucial for ac-
curate evaluation and to prevent missed diagnoses. The risk of
early hyperglycemia associated with glucocorticoid use is pri-
marily due to an early impairment of oral glucose tolerance and
an increase in postprandial blood glucose levels rather than fast-
ing levels [3]. The predominant mechanism involves extrahe-
patic insulin resistance coupled with impaired insulin secretion,
which leads to postprandial hyperglycemia [20]. In addition,
disproportionate hyperglycemia often occurs during the day, yet
patients frequently achieve glucose targets overnight and the
following morning, regardless of treatment. This pattern can re-
sult in a missed diagnosis of GIH, particularly when the fasting
blood glucose level is used as the sole indicator and when a
short to intermediate-acting glucocorticoid, such as predniso-
lone, is administered in a single morning dose [74,77].
Identifying postprandial hyperglycemia has a higher diagnos-
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tic sensitivity in these patients [45]. In a study involving primary
renal disease patients without diabetes who were administered
prednisolone at a dose of 0.75 mg/kg daily, 42% of patients ex-
hibited postprandial blood glucose levels of 200 mg/dL or high-
er, even though their fasting blood glucose remained within the
normal range [78]. A study that utilized CGMS to determine the
pattern of GIH in patients with chronic obstructive pulmonary
disease found that GIH occurred 3 to 4 hours post-administra-
tion. This study revealed a pattern of postprandial hyperglyce-
mia lasting 12 to 16 hours, suggesting that monitoring postpran-
dial hyperglycemia after lunch or dinner is useful for diagnosing
GIH [79]. In contrast, administering short- to intermediate-act-
ing glucocorticoids in divided doses more than twice a day, or
using long-acting glucocorticoids such as dexamethasone, may
lead to hyperglycemic effects lasting over 24 hours [77]. Fur-
thermore, it was unclear whether fasting or postprandial hyper-
glycemia was the predominant issue when low doses of inter-
mediate-acting glucocorticoids were administered chronically
for more than 6 months [80].

The oral glucose tolerance test (OGTT) can diagnose diabetes
with higher specificity and is the preferred method for diagnos-
ing patients with post-transplantation diabetes [74]. However,
the OGTT may present limitations in diagnosing GIH because it
is typically conducted in the morning on an empty stomach,
when the diabetogenic effects of short- to medium-acting gluco-
corticoids are not yet evident [81]. HbAlc is more convenient
and can be useful in diagnosis due to its high specificity, al-
though it is not recommended as a screening tool for identifying
hyperglycemia because of its lower sensitivity compared to oth-
er tests, such as the OGTT [74]. HbAlc is not particularly help-
ful for diagnosing recent-onset hyperglycemia in patients who
have just begun glucocorticoid therapy, as it reflects blood glu-
cose levels over the past 2 to 3 months. Imatoh et al. [82] pro-
posed that monitoring changes in HbAlc (the absolute differ-
ence between baseline and maximum HbA 1¢ levels) as a detec-
tion algorithm for GIH resulted in higher sensitivity and speci-
ficity than the pre-existing criteria of a fasting blood glucose
level exceeding 125 mg/dL or an HbAlc of 8.1% or higher.
However, a significant limitation of this study was its failure to
account for postprandial hyperglycemia.

In summary, measuring postprandial blood glucose levels or
obtaining an OGTT result of 200 mg/dL or higher currently of-
fers the most accurate method for diagnosing GIH. Diagnosis
based on fasting glucose levels should not rely solely on morn-
ing, which can underestimate its prevalence. Further research is
needed to establish new diagnostic criteria that consider various
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factors, including the degree of insulin resistance, the type and
dosage of glucocorticoids administered, differences between in-
patient and outpatient settings, and the utilization of HbAlc.

MANAGEMENT

Despite the absence of high-quality, evidence-based guidelines
for formal treatment strategies, it is clear that patients with GIH
require effective hyperglycemic management to reduce morbid-
ity and mortality during hospitalization or treatment, as well as
to prevent diabetes-related complications. We suggest initiating
treatment for GIH when fasting glucose levels are 140 mg/dL or
higher, including pre-prandial glucose levels at lunch or dinner,
or if random glucose levels are 200 mg/dL or higher more than
once during the day [4]. The target is to maintain blood glucose
levels within the range of 140 to 180 mg/dL, which aligns with
the guidelines recommended for other diabetic patients, whether
critically or non-critically ill [44,69].

Hypoglycemia and glycemic variability

Maintaining a strict blood glucose target of 110 to 140 mg/dL in
hospitalized patients may lead to better prevention of complica-
tions and improved clinical outcomes [44]. However, hypogly-
cemia presents a major challenge in achieving this goal. Both
hypoglycemia and glycemic variability are independent predic-
tors that significantly affect microvascular and macrovascular
outcomes, as well as mortality [83,84]. Glucocorticoid use is in-
dependently associated with increased glycemic variability, re-
gardless of the severity of the underlying disease [85]. In a pro-
spective study of patients undergoing high-dose glucocorticoid
therapy with prednisolone at doses ranging from 0.75 to 2.0 mg/
kg, those who developed GIH exhibited significantly higher
glycemic variability than those who did not [11]. Furthermore,
inpatients with GIH were at a higher risk of frequent hypoglyce-
mic episodes, and hypoglycemia itself was identified as a strong
and significant risk factor for poor prognosis [13]. The risk of
nocturnal hypoglycemia is increased due to the cumulative ef-
fect of insulin administered during the day for GIH, the inhibi-
tion of endogenous cortisol production, and the waning glyce-
mic effect of glucocorticoids [86]. This finding is corroborated
by a study showing that administering prednisolone in divided
doses mitigated GIH and reduced glycemic variability without
causing hypoglycemia [87]. Failure to modify the treatment
plan, such as adjusting the insulin dose when rapid euglycemia
occurs after tapering or discontinuing glucocorticoid therapy,
heightens the risk of subsequent hypoglycemia. Patients who
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are using medications with a high-risk of hypoglycemia, such as
insulin secretagogues or insulin, should consider adjusting their
dosage or switching medications when tapering off glucocorti-
coids.

CGMS provide more informed decisions regarding insulin
dosing due to their ability to account for glycemic variability,
and they are particularly effective in detecting nocturnal hypo-
glycemia [44], as compared to traditional capillary glucose
monitoring. Several studies have utilized CGMS to investigate
the patterns of GIH and to evaluate the efficacy and safety,
thereby contributing to the development of formal treatment
strategies for GIH [88-90]. CGMS has proven useful in identi-
fying unrecognized hypoglycemia and in achieving optimal
glucose control in patients undergoing glucocorticoid replace-
ment therapy for central hypoadrenalism [91]. In a recent study
involving patients with severe COVID-19 and diabetes who
were receiving glucocorticoids, the utilization of intermittently
scanned CGM achieved superior blood glucose control without
being associated with an increased risk of hypoglycemia, even
though higher total daily insulin doses were administered com-
pared to patients monitored with regular capillary glucose test-
ing [92]. This approach also reduced the frequency of healthcare
worker-patient contact. In summary, CGMS can be an effective
tool for managing hypoglycemia and glycemic variability asso-
ciated with glucocorticoid use. If CGMS overcomes current
challenges related to simplicity and cost, and further evidence
demonstrates its advantages over point-of-care glucose monitor-
ing, it is likely to become increasingly valuable for the manage-
ment of GIH in the near future.

Non-insulin agents

To date, there is no international consensus on the role of oral
hypoglycemic agents in managing GIH due to insufficient evi-
dence. Given that the main pathophysiological features of GIH
include central and peripheral insulin resistance, as well as
B-cell dysfunction, it is reasonable to infer that insulin sensitiz-
ers and incretin-based agents could complement the use of insu-
lin or secretagogues.

Insulin sensitizer

Metformin is an oral hypoglycemic agent that has been widely
prescribed for decades, offering a range of therapeutic mecha-
nisms, such as improving insulin resistance. It increases insulin
sensitivity by inducing the expression of glucose transporter 4
and enhancing its translocation [93], potentially counteracting
the inhibitory effects of glucocorticoids. In a double-blind, pla-
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cebo-controlled trial involving patients without diabetes, met-
formin administration proved beneficial in maintaining stable
baseline glucose levels following glucocorticoid administration
and improved insulin resistance [94]. Furthermore, in a random-
ized controlled trial of patients with inflammatory diseases and
treated with continuous glucocorticoids, metformin not only
improved metabolic profiles, including glucose and lipid levels,
but also lowered inflammatory markers and reduced carotid in-
tima-media thickness [95]. Metformin may be a viable option
for managing GIH in patients with metabolic issues, except for
those with hemodynamic instability or renal insufficiency, who
are at an increased risk of lactic acidosis.

Thiazolidinediones (TZDs) are potent insulin sensitizers that
activate peroxisome proliferator-activated receptor-y. They also
have significant effects on B-cells, including enhancing insulin
secretion, preserving 3-cell mass and islet structure, and provid-
ing protection from oxidative stress [96]. In a study by Willi et
al. [97], TZDs were shown to improve glycemic control and lip-
id profiles, as well as to reduce fasting leptin concentrations in
patients with GIH, despite an associated weight gain. These
findings were echoed in a study of patients who continued pred-
nisone use post-transplantation, although the improvement in
lipid profile was not deemed significant [98]. However, it is im-
portant to consider the increased risk of fluid retention and frac-
tures, risks that are exacerbated by glucocorticoids, before pre-
scribing TZDs for patients with GIH.

Incretin-based agents

Dipeptidyl peptidase 4 inhibitors (DPP-4is) and glucagon-like
peptide-1 receptor agonists (GLP-1RAs) are therapies derived
from GLP-1, an incretin hormone produced in the gut. GLP-1 is
released in response to glucose and enhances insulin secretion,
inhibits glucagon release, slows gastric emptying, and decreases
food intake. These actions contribute to improved postprandial
blood glucose levels, addressing the primary issue in GIH. Glu-
cocorticoid-induced insulin resistance diminishes the early insu-
lin-stimulating effects of GLP-1, making the overcoming of this
resistance a potential therapeutic target [99]. DPP-4is are fa-
vored for their relatively few side effects and safety in renal
failure. However, DPP-4is have not shown a definitive benefit
in ameliorating GIH, despite their advantages in reducing glyce-
mic variability and insulin requirements [90,100].

GLP-1RAs are promising agents anticipated to counteract the
pathophysiology of glucocorticoids. They not only improve hy-
perglycemia without increasing the risk of hypoglycemia but
also suppress appetite, reduce weight, and enhance metabolic
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profiles through systemic mechanisms [101]. In a study involv-
ing healthy subjects and a meal challenge test, exenatide was
shown to prevent glucose intolerance and islet cell dysfunction
caused by high-dose glucocorticoids [102]. Furthermore, a ret-
rospective study of patients with GIH demonstrated that adding
dulaglutide to insulin therapy resulted in glycemic control with
a reduced insulin dose and frequency, while maintained safety
with respect to gastrointestinal symptoms and hypoglycemia
[103]. Despite these findings, there is still a need for more long-
term research to conclusively determine the efficacy and safety
of GLP-1RAs in the management of GIH.

Insulin secretagogues
Among insulin secretagogues, the second-generation sulfonyl-
ureas—glimepiride, glipizide, and glyburide—are commonly
used in clinical practice. These medications have a sufficiently
long half-life to allow for once-daily dosing and are effective in
reducing fasting blood glucose levels. A case report from Japan
indicated that glimepiride, due to its dual effects on B-cell func-
tion and insulin sensitivity, provided benefits that were sus-
tained for 24 weeks in patients with GIH [104]. However, sulfo-
nylureas are generally not recommended for most cases of GIH
because of several limitations, including their B-cell-dependent
action and a narrow therapeutic window [105]. An exception is
made for long-term dexamethasone administration, which is as-
sociated with a relatively low risk of nocturnal hypoglycemia.
Glinides, such as repaglinide and nateglinide, address some
of the limitations of sulfonylureas. They have a relatively rapid
onset and shorter duration of action, which helps to lower the
risk of hypoglycemia. Additionally, they stimulate a transient
release of insulin from B-cells in a glucose-dependent manner.
This mechanism is particularly effective for controlling post-
prandial hyperglycemia and appears to be ideal for improving
GIH [105]. Glinides also have a relative advantage over sulfo-
nylureas in terms of the side effect of weight gain associated
with hyperinsulinemia [106]. Patients with diabetes that devel-
oped post-kidney transplantation have achieved successful glu-
cose control with less hypoglycemia when treated with repa-
glinide, despite the limitations of the observational study design
[107]. In a small-scale study involving individuals with thyroid
ophthalmopathy, repaglinide demonstrated more favorable gly-
cemic control for GIH induced by methylprednisolone pulse
therapy, as observed through CGMS [108]. However, the re-
quirement for frequent dosing before each meal remains a chal-
lenge for the use of glinides.
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Sodium-glucose cotransporter-2 inhibitors

Sodium-glucose cotransporter-2 inhibitors (SGLT-2is) induce
glucose-dependent glycosuria independently of insulin and of-
fer benefits such as weight loss, blood pressure control, im-
proved cardiovascular risk reduction, and renal protection [109].
Therefore, they are anticipated to be beneficial in mitigating
metabolic deterioration following glucocorticoid administra-
tion. However, a randomized controlled study using dapa-
gliflozin did not show superior glycemic control in terms of av-
erage blood glucose and time-in-range, as confirmed by CGMS,
although the treatment was deemed safe compared to placebo
[110]. The results of the ongoing EmpAgliflozin compared to
NPH Insulin for sTerold diabetes (EANITIATE) study, a ran-
domized controlled multicenter trial comparing the safety and
efficacy of empagliflozin with NPH insulin in patients with
new-onset GIH, are awaited [111].

Insulin

Numerous studies have investigated the appropriate insulin
therapy for patients with GIH. GIH is a common issue encoun-
tered during hospital stays, and insulin is considered the optimal
treatment for managing GIH, aiming to maintain blood glucose
levels at or below 180 mg/dL to improve the clinical outcomes
for inpatients [44]. Insulin therapy offers the flexibility to adjust
dosages in response to the rapidly fluctuating patterns of GIH,
and it allows for high doses to be administered via subcutaneous
or intravenous infusion without a maximum dose limit, which is
crucial for addressing severe hyperglycemia. In cases where
GIH occurs in patients with pre-existing diabetes who are al-
ready on insulin therapy, it is recommended to increase the in-
sulin dosage to maintain euglycemia, typically by 20% to 30%
of the total daily dose [9,112]. For most hospitalized patients
with diabetes, a regimen that includes multiple insulin injec-
tions—comprising basal, bolus, and corrective doses—is the
preferred treatment approach [44]. Basal-bolus insulin (BBI)
therapy has been shown to be more effective and safer than slid-
ing scale therapy for diabetic inpatients receiving dexametha-
sone [113]. However, a factorial survey conducted by Gerard et
al. [114] reported that up to 62% of patients with GIH who re-
quire insulin therapy prefer the use of sliding scale insulin.

Outpatients

For outpatients learning to self-administer insulin for the first
time, a single insulin injection can offer convenient benefits, es-
pecially for those unaccustomed to multiple daily injections.
Given that the onset and duration of GIH caused by an interme-
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Table 2. Conversion of the Initial Basal Insulin Dose according
to the Glucocorticoid Involved in Glucocorticoid-Induced Hy-
perglycemia

Prednisone,  Dexamethasone, Basal insulin; NPH, glargine or
mg/day mg/day detemir, [U/kg/day

=40 =8 0.4

30 6 0.3

20 4 0.2

10 2 0.1

NPH, neutral protamine Hagedorn insulin.

diate-acting glucocorticoid like prednisolone align with the late
peak and prolonged action of NPH insulin [79], a once-daily
morning regimen combining an intermediate-acting glucocorti-
coid with NPH is a sensible approach. A retrospective study
comparing the management of prednisone-associated GIH
found that NPH and insulin glargine were equally effective in
controlling blood sugar and preventing hypoglycemia [115].
Notably, the NPH regimen required lower doses of basal and
corrective insulin in this study. However, for persistent hyper-
glycemia throughout the day when using divided doses of inter-
mediate-acting glucocorticoid or long-acting dexamethasone,
selecting insulin glargine or detemir may be advisable due to
their relatively longer duration of action [77]. When initiating
insulin therapy, the appropriate dose is calculated based on body
weight and adjusted according to the type and dose of glucocor-
ticoid (Table 2) [5].

Inpatients

Stable and consistent glycemic control is crucial for improving
the prognosis of hospitalized patients. Therefore, the addition of
bolus insulin to basal insulin is necessary for persistent GIH,
rather than relying on a sliding scale regimen [44,113]. When
employing a BBI regimen in patients taking intermediate-acting
glucocorticoids, insulin glargine and NPH insulin were found to
be equally effective as basal insulin. However, there was a rela-
tive increase in the required dose of bolus insulin with NPH,
along with a trend toward more hypoglycemic events, although
this was not statistically significant [88,112]. In a cross-section-
al study that followed a protocol where half of the calculated in-
sulin dose was administered as basal and the other half as bolus,
the BBI group exhibited a higher mean daily glucose concentra-
tion compared to the control group, which did not use predniso-
lone [116]. This necessitated subsequent increases in the doses
of bolus correction insulin at lunch and dinner. BBI and 50/50
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premixed insulin were found to be similarly effective in achiev-
ing treatment goals [117]. However, the premixed insulin group
in this study had an 8% higher proportion of glucose values
within the target range and showed a trend toward a lower risk
of hypoglycemia [117].

Spanakis et al. [118] suggested that to achieve normoglyce-
mia, a higher proportion of the total daily insulin dose should be
administered as bolus insulin—approximately 65% to 70%—
with the remaining 30% to 35% as basal insulin. Studies that
have incorporated corrective insulin, including NPH, into BBI
therapy have indicated glycemic control that is non-inferior or
even superior, with a favorable risk profile for hypoglycemia
and no significant difference in the total daily insulin dose
[119,120]. Therefore, BBI therapy, which can flexibly address
postprandial hyperglycemia, is preferred for inpatients with
confirmed GIH who require insulin treatment. It is crucial to
tailor bolus and correction doses to the patient. For patients with
severe GIH who experience high glycemic variability, the ideal
management strategy to maintain normoglycemia while pre-
venting hypoglycemia is to combine BBI and correction doses
with a CGMS.

Patient education

Patients on glucocorticoid therapy require comprehensive life-
style management to prevent hyperglycemia. This includes reg-
ular glucose monitoring for early detection, diligent manage-
ment without side effects, and education to prevent hypoglyce-
mia. Glucose monitoring should be maintained until levels re-
turn to the normoglycemic range that was present before gluco-
corticoid treatment commenced [76]. Additionally, an HbAlc
test is recommended 3 months after starting glucocorticoids to
screen for the onset of GIH [69]. Patients should be informed
about the symptoms of acute hyperglycemia, such as polyuria,
polydipsia, and weight loss. Education is also essential for pa-
tients to recognize potential side effects of various glucose-low-
ering agents. For instance, those using insulin secretagogues or
insulin, who are at risk for hypoglycemia, should understand the
importance of regular fasting blood glucose tests and know how
to adjust their medication to prevent hypoglycemia, particularly
when planning to taper or discontinue glucocorticoid therapy.
Patients using TZDs need information about worsening edema
and increased risk of fractures, which can be intensified by glu-
cocorticoids. Those using SGLT-2is should be vigilant for geni-
tourinary infections, as the risk of infection may be heightened
by glucocorticoid use. In cases of thyrotoxicosis, high doses of
glucocorticoids should be administered with caution to patients
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with periodic paralysis, as they may exacerbate hypokalemia,
especially when used in conjunction with insulin [121].

CONCLUSIONS

Glucocorticoids offer potent therapeutic benefits and have seen
increased use during the COVID-19 pandemic. However, GIH
demands greater attention in clinical practice, as it remains a ne-
glected problem. Collaborative efforts among experts in diverse
fields are crucial to gather high-quality evidence regarding the
pathophysiology of GIH, as well as to refine patient evaluation,
diagnosis, and management strategies. Furthermore, it is essen-
tial to prevent complications associated with GIH and improve
patient outcomes by identifying novel therapeutic targets or
achieving consensus on optimal management practices beyond
current standards.
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