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ABSTRACT

Background: The primary aim of this study is to evaluate the
hyperglycaemic effects induced by glucocorticoids through various routes of
administration and to identify key factors contributing to elevated blood sugar levels in
patients receiving glucocorticoid therapy. Methodology: A prospective observational
study was conducted with 60 patients as per the study criteria at Karpagam hospital,
Coimbatore in duration of 6 months. Demographic data, different routes of
glucocorticoid administration, and drug action (short, intermediate, long acting) in the
development of hyperglycaemia. Random Blood Sugar level was monitored. Results:
Out of 60 patients, 29 (48.3%) exhibited elevated RBS levels. The highest prevalence of
hyperglycemia was observed in patients receiving glucocorticoids via nebulizer (73%) and
IV (60%) routes. Short-acting glucocorticoids induce the highest rate of hyperglycemia
(75%). Male patients (60%) and 55-75-year age group were more prone to elevated
blood sugar levels. Obese patients (BMI > 30) had a high incidence of hyperglycemia
(89%). Hypertension (23%) and chronic obstructive pulmonary disease (16.6%) are the
Common comorbidities among study patients. Conclusion: This study indicates that the
significant hyperglycemic effects are induced by glucocorticoid therapy. The route of
administration plays a critical role in the risk of hyperglycemia. Nebulizer and IV routes,
as well as short-acting glucocorticoids, showed the highest association with elevated
RBS levels. These findings emphasize the need for careful monitoring of blood glucose
in patients undergoing glucocorticoid treatment, especially who are with risk factors such
as older age, obesity, and comorbidities.

KEYWORDS: Glucocorticoids, Hyperglycemia, Routes of administration, Random
blood sugar, Glucocorticoid therapy.
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1. INTRODUCTION

Glucocorticoids (GCs) are widely used anti-inflammatory and immunosuppressive
medications that have been an essential part of medical treatment since the mid-20th
century. These drugs are prescribed for a broad range of acute and chronic inflammatory
conditions, including asthma, chronic obstructive pulmonary disease (COPD),
rheumatoid arthritis, and inflammatory bowel diseases [12]. Their ability to suppress
inflammation and regulate immune responses makes them a cornerstone of treatment in
many medical disciplines. Studies suggest that approximately 0.9% of the general
population uses GCs at any given time, with usage increasing to around 2.5% among
older adults aged 70 to 79 years. Additionally, up to 25% of patients prescribed GCs may
require prolonged therapy lasting more than six months [14,35].

Oral GCs are most frequently used in respiratory conditions, accounting for nearly
40% of prescriptions, while the remaining prescriptions are distributed across
musculoskeletal disorders, skin diseases, and immunosuppressive therapy. Despite their
therapeutic benefits, long-term GC use is associated with significant adverse effects,
including weight gain, osteoporosis, hypertension, and hyperglycemia. One of the most
concerning metabolic complications of GC therapy is glucocorticoid-induced
hyperglycemia (GIH), which can contribute to the development of diabetes or worsen
existing diabetes [19,20,41].

1) Glucocorticoid-Induced Hyperglycemia (GIH)

GIH is a well-documented consequence of GC therapy that has been recognized for
more than six decades. GCs are among the most frequently implicated drugs in
medication-induced hyperglycemia and diabetes. Their role in disrupting glucose
homeostasis is particularly concerning for patients who already have pre-existing
diabetes, as GCs can significantly worsen glycemic control [3,4]. Additionally, GCs can
reveal undiagnosed diabetes in susceptible individuals and may lead to the development
of new-onset diabetes, referred to as glucocorticoid-induced diabetes mellitus (GIDM)
[1,2].

In non-diabetic individuals, glucose levels are generally expected to return to normal
after discontinuing GC therapy. However, studies indicate that in some cases, persistent
hyperglycemia can occur, necessitating long-term monitoring and intervention to prevent
the onset of diabetes. Research shows that continuous administration of high-dose GCs
over two to three months significantly raises the risk of developing diabetes [5,6].
Furthermore, patients on prolonged GC therapy are more likely to experience fasting
hyperglycemia compared to those receiving cyclic or intermittent GC regimens [1,2].

In organ transplant recipients undergoing steroid-based immunosuppressive therapy,

the prevalence of hyperglycemia ranges between 17% and 32%. This highlights the
impact of GCs on glucose metabolism, particularly in high-risk patient populations.[8]
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Additionally, stress-induced hyperglycemia (SIH) in hospitalized patients receiving GCs
has an estimated incidence of 40% to 50%, further emphasizing the need for careful
monitoring [7]. SIH can manifest as either the worsening of pre-existing type 2 diabetes,
the unmasking of previously undiagnosed diabetes, or transient hyperglycemia in
individuals without a prior history of diabetes [10]. The likelihood of developing SIH
increases with higher GC doses and longer treatment durations, although it does not
appear to be influenced by the specific type of GC used [40].

2) Mechanism and Etiology of GIH

The hyperglycemic effects of GCs are primarily due to their profound influence on
glucose metabolism [9,11]. These effects mimic the metabolic disturbances seen in type
2 diabetes mellitus (T2DM). Several mechanisms contribute to GIH, including:

1. Inhibition of Insulin Secretion: GCs suppress insulin release from pancreatic -
cells, reducing the body's ability to regulate blood glucose levels effectively.

2. Increased Glucagon Secretion: GCs stimulate pancreatic a-cells to release glucagon,
a hormone that raises blood glucose levels by promoting hepatic glucose production.

3. Hepatic Glucose Overproduction: GCs enhance glucose production in the liver by
increasing gluconeogenesis and glycogenolysis, resulting in elevated blood sugar levels.

4. Peripheral Insulin Resistance: GCs impair glucose uptake in skeletal muscles and
adipose tissue, reducing insulin sensitivity and promoting hyperglycemia.

5. Direct Pancreatic Toxicity: Prolonged GC use is associated with B-cell dysfunction
and destruction, further impairing insulin production [4,5,11,13,15].

Additionally, GCs exacerbate hyperglycemia by enhancing the actions of counter-
regulatory hormones such as glucagon and adrenaline. These hormones activate
pathways that increase insulin resistance, further complicating glucose control. Some
evidence also suggests that GCs affect intestinal glucose absorption by modifying
enterocyte receptor activity, further contributing to hyperglycemia [7-16].

3) Epidemiology of GIH

The prevalence of GIH varies depending on the population studied, the type of GC
used, and the treatment duration. Globally, approximately 1% of the general population
and 2.5% of older adults are prescribed oral GCs. The incidence of GIH among patients
receiving long-term GC therapy ranges between 20% and 30%, with the risk increasing
significantly in hospital settings[16-19].
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A study conducted among primary care patients with diabetes estimated that 2% of
individuals on oral GCs developed GIH. In hospitalized patients without prior diabetes,
50% experienced hyperglycemia (blood glucose >200 mg/dL) during GC treatment.
Furthermore, a retrospective study analyzing 2,424 hospitalized patients over four years
reported a 34% incidence of GIH [17,18].

In transplant recipients receiving methylprednisolone and prednisone, 87% of non-
diabetic patients developed hyperglycemia, with two-thirds requiring insulin therapy
upon discharge. Another study focusing on hospitalized patients with community-
acquired pneumonia treated with 50 mg of prednisone daily for one week observed a
20% incidence of hyperglycemia, with an odds ratio (OR) of 1.96 compared to placebo-
treated patients [15,16].

A meta-analysis involving approximately 35,000 participants from 13 studies found
that 32% of non-diabetic patients treated with GCs for at least one month developed
GIH. Another recent meta-analysis of 118 randomized controlled trials reported a GIH
prevalence of 10%, with severe hyperglycemia occurring in 5% of cases [17-20].

A Risk Factors and Predictors of GIH
Several factors contribute to the development of GIH, including:

1) Higher GC Dose: The risk of hyperglycemia increases with higher cumulative
doses.

2) Longer Duration of Therapy: Prolonged GC use is associated with a greater
incidence of GIH.

3) Older Age: Elderly patients are at a higher risk due to reduced insulin sensitivity.

4) Pre-existing Diabetes or Insulin Resistance: Individuals with T2DM or
metabolic syndrome are more likely to develop GIH.

Hospitalization and Stress: Patients receiving high-dose GCs in hospitals, particularly
those in critical care settings, have an increased risk [20-25].

B. Clinical Implications and Management

Given the significant risk of hyperglycemia associated with GC therapy, regular blood
glucose monitoring is crucial for patients undergoing treatment. The management of GIH
includes:

1. Lifestyle Modifications: Patients should follow a balanced diet, engage in physical

activity, and maintain a healthy weight to mitigate the risk of hyperglycemia.
2. Pharmacologic Intervention:
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Oral Hypoglycemic Agents: Metformin and DPP-4 inhibitors can be used in mild to
moderate hyperglycemia.

Insulin Therapy: In patients with severe hyperglycemia, insulin is the preferred
treatment option.

3. Tapering GC Therapy:

Whenever possible, clinicians should use the lowest effective GC dose and consider
alternative therapies to reduce metabolic complications [23-28].

2. MATERIALS AND METHODS

This prospective observational study was conducted in the Departments of General
Medicine, General Surgery, Dermatology, Pulmonology, and Orthopedics at Karpagam
Faculty of Medical Sciences and Research, Coimbatore. Before initiation, ethical
approval was obtained from the Institutional Ethics Committee. The study was carried
out over six months, from March to August 2024. Patients admitted to the respective
departments during the study period were included based on predefined inclusion and
exclusion criteria. A structured patient data collection form was used to gather relevant
clinical information from medical records daily. The collected data included
demographic details such as age and gender, past medical and medication history,
laboratory investigations, diagnosis, and current treatment regimens. The study focused
on evaluating patient profiles, disease patterns, and treatment outcomes. All collected
data were recorded systematically and analyzed to identify trends and correlations in
disease management across different specialties. Any missing or unclear information in
patient records was clarified with healthcare professionals to ensure accuracy and
completeness. Confidentiality and ethical considerations were strictly maintained
throughout the study. Patient data were anonymized, and no personally identifiable
information was used in data analysis or reporting. The findings from this study aimed to
contribute to improving clinical decision-making and optimizing treatment strategies in
the studied departments.

3. STUDY CRITERIA

Inclusion Criteria

> Age of 18 years and above.

Patient receiving any dosage form of glucocorticoids.

Patient with non-diabetic conditions.

Patients receiving glucocorticoid therapy in departments such as General
Medicine, General Surgery, Dermatology, and Pulmonology.

Exclusion Criteria

YV V V

> Patient below the age of 18 years.

> Lactating and pregnant women.

> Patients with diabetes mellitus and psychiatric disability.
> Outpatient.
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Methodology

This study was a prospective observational analysis conducted over six months at
Karpagam Faculty of Medical Sciences and Research. The primary objective was to
assess the incidence of corticosteroid-induced hyperglycemia using Cochran’s formula.
A total of 60 patients who were prescribed glucocorticoids during their treatment were
enrolled in the study.

Patient data were collected through direct interactions, during which demographic details
such as age, gender, medical history, and current medications were documented in a
structured data collection form. Informed consent was obtained from all participants
before data collection.

To evaluate the impact of glucocorticoid therapy on blood glucose levels, patients
underwent a random blood glucose test after receiving six doses of corticosteroids. The
test was performed using a standard glucometer, ensuring accuracy and consistency in
measurements. The collected glucose levels were then compared with baseline values to
determine any significant changes.

Descriptive statistical analysis was conducted using Microsoft Excel to interpret the data.
The results were categorized based on the degree of hyperglycemia observed, and trends
were analyzed to understand the correlation between glucocorticoid use and blood sugar
fluctuations.

This methodology ensured a systematic approach to identifying corticosteroid-induced
hyperglycemia and provided valuable insights into its occurrence in a clinical setting.
The findings from this study contribute to better monitoring strategies and the
management of hyperglycemia in patients receiving corticosteroid therapy.

4. RESULTS

Prevalence of glucocorticoids in induced hyperglycemia (n = 60)

Prevalence = no. of population affected the study (n = 29) \Total no. of population in
study (n = 60) x100 = 48.3%

The study found a substantial incidence of GCIH, affecting 29 out of 60 patients
(48.3%), who showed elevated RBS levels, highlighting the need for close monitoring
and management of blood sugar levels in patients undergoing glucocorticoid treatment.

Gender distribution among the study population (n=60)

Among the study population, 60 patients were included in this study, the majority of the
patients were males (60%).
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Fig 1. Gender distribution among the study population

Table 1. Age Distribution among the study population

http://ymerdigital.com

Age (years) No. of Patients Percentage
18-35 09 15%

36 - 55 16 27%

56 - 75 33 55%

>75 02 3%

Table 2: Comorbidities Associated with Study Population

Comorbidity No. of patients Percentage
Hypertension 14 23%
Chronic obstructive | 10 16.6%
pulmonary disease

Coronary artery disease 1 1.7%
Nephrotic syndrome 3.3%
Rheumatoid arthritis 1 1.7%

No comorbidities 32 53.3%

Table 3: RBS Level Distribution Among the Study Population Based on BMI

BMI RBS ELEVATED PERCENTAGE
Underweight n=07 07 100%

Normal weight n=28 09 32.1%
Overweight n=16 05 31%

Obese n=09 08 89%
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Distribution of Route of Administration Among the Study Population (n=60)

In majority of patient elevated RBS levels were observed in 11 out of 15 patients
(73.3%) the medication received nebulizer route, 9 out of 15 patients (60%) the
medication through the 1V route, 6 out of 15 patients (40%) the medication received by
oral route and 3 out of 15 patients (20%) the medication received topical route showed
elevated RBS levels.

Distribution based on duration of action of drugs among the study population
(n=60)

The study found that among 4 patients who received short-acting drugs, 3(75%) had
elevated RBS levels. Out of 17 patients who received intermediate-acting drugs,
8(47.1%) showed elevated RBS levels. Among 39 patients who received long-acting
drugs, 18(46.2%) had elevated RBS levels

5. DISCUSSION

The study found that 48.3% of patients undergoing glucocorticoid therapy experienced
elevated Random Blood Sugar (RBS) levels, highlighting a significant risk of
hyperglycemia in non-diabetic individuals receiving these medications. This finding
aligns with previous research investigating the incidence of hyperglycemic episodes
following glucocorticoid administration [29].

A notable trend observed in the study was that most patients affected by glucocorticoid-
induced hyperglycemia (GCIH) were in the 55-75 age group, suggesting that older
adults are more susceptible to hyperglycemia due to glucocorticoid therapy. This
increased vulnerability could be attributed to age-related metabolic changes and
decreased insulin sensitivity, which heightens the risk of glucose dysregulation. Previous
studies on elderly patients receiving glucocorticoids have reported similar patterns,
emphasizing the need for close monitoring of blood sugar levels in this age group to
prevent complications [30].

Another significant finding was the high prevalence of comorbidities among affected
patients, particularly hypertension (23%), chronic obstructive pulmonary disease
(COPD) (16.6%), and less common conditions such as nephrotic syndrome and
rheumatoid arthritis. Despite these associations, an interesting observation was that more
than half (53.3%) of the study population had no pre-existing comorbidities but still
developed hyperglycemia during glucocorticoid treatment. This suggests that
glucocorticoid therapy alone can be a strong independent factor in raising blood glucose
levels, irrespective of pre-existing metabolic disorders [31].

The study also identified a clear association between body mass index (BMI) and
elevated RBS levels. Both underweight (100%) and obese (89%) patients exhibited a
higher incidence of GCIH compared to those with normal or overweight BMIs. This
suggests that both extremes of body weight may contribute to glucose intolerance in the
presence of glucocorticoid therapy. The metabolic vulnerability of underweight
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individuals could be due to lower muscle mass and reduced insulin reserves, while
obesity is already a well-established risk factor for insulin resistance. Research has
previously highlighted this relationship, indicating that BMI plays a critical role in the
incidence and severity of hyperglycemia in patients on glucocorticoids [32].

Understanding the pharmacodynamics of glucocorticoid drugs is crucial when
prescribing them, as different formulations and durations of action may impact the risk
of hyperglycemia. Short-acting glucocorticoids were found to pose a higher immediate
risk for elevated blood sugar levels, necessitating more frequent glucose monitoring.
This is particularly important for individuals with additional risk factors, such as obesity
or pre-existing metabolic disorders, as the rapid effects of these medications can lead to
acute glucose imbalances [33,40].

The route of administration also played a significant role in determining hyperglycemic
risk. The study found that patients receiving glucocorticoids via nebulization (73%) and
intravenous (IV) routes (60%) were more likely to develop elevated RBS levels
compared to those using oral or topical glucocorticoids. These findings suggest that drug
delivery methods significantly influence metabolic side effects. Nebulized
glucocorticoids may lead to more rapid systemic absorption, triggering quicker onset of
hyperglycemia. Similarly, 1V administration delivers the drug directly into the
bloodstream, resulting in faster and more potent metabolic effects compared to oral or
topical routes. These observations highlight the need for clinicians to carefully consider
the route of administration, as certain methods may necessitate closer glucose monitoring
to mitigate potential adverse effects [34,39].

The study further explored the relationship between the duration of glucocorticoid action
and hyperglycemia. Patients receiving short-acting glucocorticoids (75%) were more
likely to experience elevated RBS levels than those on intermediate-acting (47.1%) and
long-acting (46.2%) glucocorticoids. While it may be expected that longer-acting
glucocorticoids would have a prolonged hyperglycemic effect, the study suggests that the
immediate and potent impact of short-acting glucocorticoids may overwhelm the body's
glucose regulation mechanisms, leading to acute hyperglycemia. This aligns with
findings from previous research, indicating that short-acting glucocorticoids can cause a
more immediate spike in blood glucose levels compared to their long-acting counterparts
[36-39].

These findings underscore the importance of personalized risk assessment, careful dose
selection, and frequent glucose monitoring during glucocorticoid therapy. Healthcare
providers should prioritize patient education and adopt tailored strategies to minimize the
risk of GCIH, thereby optimizing treatment outcomes.

6. CONCLUSION

This study investigated glucocorticoid-induced hyperglycemia (GCIH) in non-
diabetic patients receiving glucocorticoids through various routes, revealing a high
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prevalence of hyperglycemic episodes, especially with chronic nebulizer and topical
administration. Continuous monitoring of blood glucose levels is crucial for early
detection and prevention of prediabetic conditions and diabetes mellitus. Effective
management  strategies include dose tapering, dosage adjustments, and
antihyperglycemic agents.

The study emphasizes the need for routine blood glucose monitoring, personalized risk
assessment, and early intervention in non-diabetic patients receiving glucocorticoid
therapy. Healthcare professionals and clinical pharmacists play a critical role in
educating patients and ensuring appropriate management of GCIH to prevent adverse
outcomes.

Given the widespread use of glucocorticoids, proactive measures such as patient
education, interprofessional collaboration, and strict glucose monitoring are essential to
mitigate the risk of hyperglycemia and optimize patient outcomes. Future
recommendations focus on regular assessment of blood glucose levels, early
identification of high-risk patients, and prompt intervention to prevent complications.

By implementing these strategies, healthcare providers can significantly reduce the risk
of GCIH, improve clinical outcomes, and enhance the overall quality of care in
glucocorticoid therapy.
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