


BALANCING THE THERAPEUTIC AND ADVERSE EFFECTS OF ORAL PREDNISONE/PREDNISOLONE: A SYSTEMATIC REVIEW


ABSTRACT
Prednisone and prednisolone are synthetic analogues of the natural steroid hormones produced by the adrenal cortex. They have anti-inflammatory, and immunosuppressant effects. Prednisone is biologically inert and in order to become active, it is converted to prednisolone in the liver. Both drugs have been used for treatment of uncontrollable asthma, chronic obstructive pulmonary disease, sarcoidosis, systemic lupus erythematosus, rheumatoid arthritis, ophthalmologic conditions, and several other autoimmune disorders. Despite their efficacy, therapy has been associated with a broad range of toxicities, limiting patients’ compliance. This review emphasizes measures for balancing the therapeutic and adverse effects of these drugs based on current literature and clinical evidence. Online searches were carried out in the databases of PubMed, Medline and Google Scholar for publications using terms like “prednisone,” “prednisolone,” “oral corticosteroids,”  “adverse effects of prednisone/prednisolone.”  Lateral searching via related citation (PubMed), checking reference lists of identified studies and narrative synthesis of included studies were performed. Adverse effects are mostly seen in patients receiving glucocorticoids in high doses, or over a long period of time. They include adrenal suppression, fractures, weight gain, infections, fractures, hypertension, cataract, among others. Practical measures for mitigating adverse events for optimal benefit from steroid therapy include monitoring of patients for adverse effects; gradual tapering during withdrawal to prevent adrenal suppression and disease flares; prescribing of the lowest possible dose for the shortest possible period by clinicians, and consideration for once-daily dosing, morning dosing, and alternate-day dosing; evaluation of risk factors or preexisting conditions that could be aggravated by corticosteroid treatment; calcium and vitamin D supplementation, weight-bearing exercises, and use of bisphosphonates to mitigate osteoporosis. The phobia, apprehension and uncertainties associated with adverse effects of these steroids can be curtailed or avoided when appropriate measures are taken. This is particularly important in many life-threatening maladies with little or no therapeutic alternatives.
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Introduction 
Cortisol is the endogenous (natural) steroid produced in the adrenal gland. A variety of other hormones, including the primary mineralocorticoid, aldosterone, and male/female sex hormones, are also produced via the common pathway of cholesterol metabolism (Williams, 2018). Prednisone and prednisolone are synthetic analogues of the natural steroid hormones produced by the adrenal cortex. Like the natural hormones, these synthetic compounds have glucocorticoid and/or mineralocorticoid properties. Mineralocorticoids predominantly affect  the transport of ion via the epithelial cells of the renal tubules, and are primarily involved in the regulation of water and electrolyte balance. On the other hand, glucocorticoids, are predominantly involved in carbohydrate, fat and protein metabolism, and have anti-inflammatory, immunosuppressive, anti-proliferative, and vasoconstrictive effects (NICE, 2012). 
Corticosteroids are a group of drugs that mimic cortisol. The term is used clinically to describe agents with glucocorticoid activity. Prednisone and prednisolone are the most widely used oral corticosteroids. Other oral corticosteroids drugs include cortisone, hydrocortisone, methylprednisone, dexamethasone, triamcinolone, betamethasone, budesonide, fluocortolone and deflazacort (Manson et al., 2009, Van et al., 2000). Both drugs (prednisone and prednisolone) are commercially available in many countries for therapeutic use. Prednisone is commonly prescribed in North American country like Canada, while prednisolone is predominantly used in the West African nation, Nigeria, among other countries. 
Despite their beneficial effects, therapy with these agents are associated with significant adverse effects, especially, when used for a long time. It is therefore important to strike a balance between the therapeutic usage of prednisone or prednisolone and mitigation of incidental adverse effects, for optimum benefit of care to the patient. The objectives of this review paper are to: 
· Identify the mechanisms of action of the oral corticosteroids, prednisone/prednisolone
· Summarize the therapeutic uses of prednisone/prednisolone
· Discuss the adverse effects associated with the use of these drugs and
· Emphasize practical measures for mitigating adverse events to enhance patient’s compliance, reassurance of safety, and optimal benefit from steroid therapy based on both current literature and clinical evidence. 
Methodology

[bookmark: _GoBack]The methodology for this systematic review was carried out according to recommendations from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses protocols, PRISMA (Shamseer et al.  2015).  Online searches were carried out in the databases of PubMed, Medline, Google Scholar, and ResearchGate, for relevant articles using terms like “prednisone,” “prednisolone,” “oral corticosteroids,”  “glucocorticoids,”  “therapeutic and adverse effects of prednisone/prednisolone.” There was no restriction on date of publication. 

Further steps involved screening of searched results with their titles and abstracts read for eligibility. Additional papers were obtained from  reference lists of identified studies, and from related PubMed citations. Full texts of all eligible publications were obtained with the application of inclusion and exclusion criteria to determine suitable articles used in this review. Finally, findings obtained from the selected studies will be summarized in a narrative synthesis.

 Inclusion and exclusion criteria
Studies involving human treated with oral corticosteroids (prednisone or prednisolone) only, were included. Studies involving parenteral, topical or inhaled corticosteroids, performed using laboratory animals, and those not published in the English language were excluded.


Results and Discussion
Search Results
The initial search returned One hundred and thirty-one (131) studies. After screening of the abstracts and titles, exclusion of 61 articles was carried out for being irrelevant (n=45), nonavailability of full texts (n=13), not available in English (n=1), duplicates (n=2). Full texts of the remaining 70 articles were further reviewed, with strict application of the inclusion and exclusion criteria, resulting in the exclusion of 7 other publications, thus leaving 63 studies that were used in this review (Figure 1).
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Figure1: Flow diagram of study selection PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses).

Hypothalamic-Pituitary-Adrenal Axis Physiology 
A significant part of the human neuroendocrine system is the hypothalamic–pituitary–adrenal gland (HPA) axis. The primary physiological functions of the HPA axis include:  the preservation of homeostasis, adaptation to environmental surroundings, and regulation of human behaviour, emotion, and cognitive functions (Mohd Azmi et al., 2021). The main end product of the HPA axis is cortisol, a glucocorticoid hormone that is highly associated with circadian rhythms (Huang et al., 2020) 
The production of endogenous cortisol by the adrenal gland is controlled by the hypothalamic-pituitary-adrenal axis and occurs in a diurnal and circadian pattern every 24 h. Corticotrophin-releasing hormone (CRH) is released from the hypothalamus and acts on the anterior pituitary to release adrenocorticotrophic hormone (ACTH), which stimulates the production and release of cortisol from the adrenal gland into the bloodstream (Williams, 2018; Gupta and Bhatia, 2008). This occurs under normal conditions, without any stressors. Under non-stressed conditions, cortisol production is approximately 20 mg daily in human adults. In human beings, the peak level secretion occurs in the morning (07:00–08:00 a.m.), which is considered the active phase that helps to retain daytime consciousness, while its lowest secretion is around 02:00–04:00 a.m. at night while sleeping (Timmermans et al., 2019; Perry and Medbak, 2013; Mohd Azmi et al., 2021).  The regulation of cortisol synthesis is controlled by a negative feedback mechanism on adrenocorticotrophic hormone and corticotrophin- releasing hormone production (Shaikh et al., 2012; Becker, 2013) mediated by mineralocorticoid and glucocorticoid receptors in the hypothalamus and anterior pituitary, (Tomas et al., 2013). On the other hand, when the level of cortisol is extremely low, enhanced production of CRH and ACTH is triggered (Perry and Medbak, 2013).
In addition to the normal (without stressors) production and control of cortisol secretion, psychological, emotional and physical stress  are also associated with increased levels of cortisol. Examples of stress include infection, trauma, and diseases (Williams, 2018; Qin et al., 2016). There is clinical evidence that the daily production can increase from 20 mg (under non-stressed conditions) to 150–200 mg during physical or mental stress (Gupta and Bhatia, 2008). Cortisol exhibits its known metabolic effects (primarily, the provision of glucose and energy), which help to counteract the stressor (Spies et al., 2014).  
It is pertinent to note that during serious chronic disease involving inflammation, including sepsis, the adrenal gland’s ability to produce cortisol at maximal levels is impaired. This is referred to as relative adrenal insufficiency, and supplementation with hydrocortisone may be required (Annane, 2008). Synthetic glucocorticoids like prednisone and prednisolone can also cause negative feedback regulation, and this can lead to adrenal suppression (Spies et al., 2014). 
Low levels of cortisol which may be due to adrenal insufficiency and ACTH deficiency which occurs in congenital adrenal hyperplasia conditions, may consequently result in Addison’s disease (Katsu and Iguchi, 2015). This can also cause other disorders like attention deficit hyperactivity disorder, ADHD and autism (Mohd Azmi et al., 2021; Angeli et al., 2018; Kamradt et al., 2018; Schloss et al., 2018; Tordjman et al., 2014). On the other hand, high cortisol levels are associated with depression (Qin et al., 2016). Excessive cortisol level may result in Cushing’s syndrome (Katsu and Iguchi, 2015), and also trigger insulin resistance (Kuo et al., 2015). 
Prednisone vs Prednisolone
Prednisone is a synthetic glucocorticoid that has both anti-inflammatory and immunomodulating properties. It is biologically inert and in order to become active, it is converted to prednisolone in the liver by the enzyme 11β-hydroxysteroid dehydrogenase (11β-HSD)-1 (Schijvens et al., 2019). Hence, it is is a prodrug to prednisolone, which mediates its glucocorticoid effects (Pucket et al., 2023). The hepatic conversion is rapid, nearly 100%, even in the presence of significant hepatic dysfunction, so the therapeutic effects of prednisone and prednisolone are virtually the same (Williams, 2018). They have similar anti-inflammatory potency. Hence, 5 mg of prednisone is equivalent in its glucocorticoid effects to 5 mg of prednisolone, 4 mg of methylprednisolone, 4 mg of triamcinolone, 0.75 mg of dexamethasone, 0.60 mg of betamethasone, 20 mg of cortisol, and 25 mg of cortisone (Yasir et al., 2023). 
Duration of effect of both drugs is the same (18-36 hours) [Williams, 2018]. Prednisolone and prednisone are considered equivalent and identical dosages have been used for standardized treatment regimens for patients with nephrotic syndrome (KDIGO, 2012). Plasma concentrations of both substances reach their peaks at approximately 0.5–3 h after administration, in both patients with and without nephrotic syndrome (Czock et al., 2005; Rostin et al., 1990; Green et al., 1978). Both drugs are well absorbed after oral administration. However, a variable systemic bioavailability for prednisone and prednisolone of 84 ± 13 and 99 ± 8%, respectively has been reported in the literature (Czock et al., 2005). The high variation in bioavailability has been mostly attributed to inter-individual differences rather than the choice of prednisone or prednisolone (Frey and Frey, 1990). Prednisone and prednisolone are primarily cleared by hepatic metabolism involving phase I and phase II reactions (Schijvens et al., 2019). Elimination half-lives (T1/2) in adults are about the same, 3.3 ± 1.3 h and 3.2 ± 1.0 h  for prednisone and prednisolone, respectively (Czock et al., 2005).
Therapeutic uses of prednisone/prednisolone
At physiologic doses, systemic corticosteroids are used for replacement of glucocorticoids in adrenal insufficiency, with hydrocortisone as the drug of choice. equivalent and identical dosages (exceeding normal physiologic doses), oral steroids like prednisone/prednisolone are therapeutically used for suppression of several inflammatory and immune-related disorders. In respirology, they are used for the treatment of acute exacerbations of asthma and chronic obstructive pulmonary disease (COPD); interstitial lung disease, sarcoidosis, pneumonitis (Williams, 2018; Hodgens and Sharman, 2023). In the field of rheumatology, they are indicated for treatment of systemic lupus erythematosus (SLE), rheumatoid arthritis, polymyalgia rheumatica, among others. They are also useful in the following disorders: 
·  Gastrointestinal (e.g., inflammatory bowel disease, autoimmune hepatitis, antiemetic, for example, nausea due to chemotherapy)
· Ophthalmologic (e.g., keratoconjunctivitis, uveitis)
· Haematologic (e.g., leukaemia, hemolytic anemia, lymphoma, idiopathic thrombocytopenic purpura)
· Dermatologic (e.g., contact dermatitis, pemphigus vulgaris). 
· Other therapeutic indications include multiple sclerosis, organ transplantation, nephrotic syndrome, and cerebral edema (recommended only in specific situations such as elevated intracranial pressure due to neoplasm or central nervous system (CNS) infection, and generally avoided in moderate to severe brain injury) [Hodgens and Sharman, 2023; Liu et al., 2013; Coutinho and Chapman, 2011; Yasir et al., 2023].
Although oral corticosteroids are often prescribed for acute flares or exacerbations of serious conditions, they are not considered first-line therapy for chronic management due to significant incidents of adverse effects. Chronic oral corticosteroid therapy may be required in disorders that are unresponsive to first-line therapeutic agents. This requires close monitoring of adverse effects associated with the chronic use of these drugs (Williams, 2018).
Mechanism of Action
Glucocorticoids have anti-inflammatory and immunosuppressant effects. These effects of glucocorticoids are dose-dependent, with the immunosuppressive effects occurring mostly at higher doses. Glucocorticoids effects are mediated by both genomic and non-genomic mechanisms. Most of these effects occur via the genomic mechanism, which takes longer time, while immediate effects take place via the non-genomic mechanisms, mostly  with high doses of glucocorticoids (Yasir et al., 2023).
Genomic mechanisms
Glucocorticoids easily move across the cell membrane via passive diffusion and bind to the glucocorticoid receptors in the cytoplasm, forming a glucocorticoid receptor/glucocorticoid complex that results in a conformational change in the receptor (Ponec et al., 1986; Williams, 2018). Prior to binding, the receptors were inactive and bound to a chaperone protein complex which kept it in the proper folding for binding and also prevented nuclear localization of unoccupied glucocorticoid receptors (Cuzzoni et al., 2015; Kirschke et al., 2014). Subsequently, the chaperone protein dissociates, and the activated glucocorticoid receptor-glucocorticoid complex becomes easily translocated into the nucleus.
 In the nucleus, the activated glucocorticoid receptor-glucocorticoid complex binds to the DNA or interacts with co-activator complexes. The activated glucocorticoid receptor-glucocorticoid complex exhibits its immunosuppressive anti-inflammatory and effects via increased expression of anti-inflammatory genes (transactivation) and decreased expression of pro-inflammatory genes (transrepression) [Adcock, 2000; Payne and Adcock, 2001]. The activated complex can also interact either directly or indirectly with pro-inflammatory transcription factors such as nuclear factor-κB (NF-κB), activator protein 1 (AP-1), and interferon regulatory factor-3, thereby suppressing the synthesis of pro-inflammatory cytokines such as IL-1, IL-2, IL-6, IL-8, TNF, IFN-gamma, Cox-2, vascular endothelial factor (VEGF), and prostaglandins (Kagoshima et al., 2003; Czock et al., 2005). This is the transrepression process. The transactivation process involves activation of transcription factors, including glucocorticoid response elements (GREs), resulting in the activation of the synthesis of anti-inflammatory cytokines such as IL-10, NF-κB inhibitor, and lipocortin-1 (Yasir et al., 2023). 
Non-genomics mechanisms
The non-genomic mechanisms of glucocorticoid occurs more rapidly, and mediate the immediate effects of high-dose glucocorticoids. The mechanisms are largely undefined. It is hypothesized to occur via interactions between the intracellular glucocorticoid receptor or a membrane-bound glucocorticoid receptor. High-dose glucocorticoids also interferes with the cycling of calcium and sodium across the cell membrane resulting in a rapid reduction of inflammation. High corticosteroid dosage was reported to inhibit the production of B cells and T cells (Ericson-Neilsen and Kaye, 2014; Liu et al., 2013).


 Adverse effects of prednisolone and prednisone

Despite their significant efficacy, therapy with prednisone and prednisolone have been associated with a broad range of toxicities, thereby limiting the utility and adherence to these medications. The preponderance of these unwanted effects ranging from mild to severe, may not be unconnected with the diversity in their mechanisms of action. Incidents of adverse effects are mostly seen in patients receiving glucocorticoids in high doses, or over a long period of time (Schijvens et al., 2019).  Hence, toxicities of corticosteroids are both dose and time-dependent (Huscher et al., 2009). 

Administration of pharmacological (supra-physiologic) doses of corticosteroid result in adverse effects, ranging from mild suppression of hypothalamic-pituitary axis to severe, life-threatening infections (Yasir et al., 2023; Schäcke et al., 2002). However, long-term use of low to moderate doses of glucocorticoids can also result in serious adverse effects (Da Silva et al., 2006). While most anti-inflammatory effects of glucocorticoids are as a result of transrepression of pro-inflammatory and immune genes, adverse effects are largely due to transactivation which results in increased expression of regulatory and anti-inflammatory proteins (Adcock, 2000; Lowenberg et al., 2008; Stahn et al., 2007). 
 
Adverse effects are commonly seen in up to 90% of patients who take these drugs for more than sixty days (Ericson-Neilsen and Kaye, 2014 ). Potential adverse effects include adrenal suppression, weight gain,  skin fragility, increased risk of infections, and fractures. Cardiovascular and metabolic effects include hypertension, hyperglycaemia, and dyslipidaemia (Bergmann et al., 2012). Some adverse effects occur in a linear dose-response pattern where the adverse effect increases with an increase in the dose (e.g., cushingoid features, leg oedema, parchment-like skin, and sleep disturbance). Other adverse effects depict a threshold dose-response pattern in which the frequency of adverse effects increase beyond a specific threshold value (for example, weight gain and epistaxis occur at prednisone dose greater than 5 mg daily; while glaucoma, depression, hypertension may occur at prednisone dose greater than 7.5 mg daily) [Yasir et al., 2023]. There are several other risk factors which may contribute or magnify the adverse effects of oral steroids. They include older age, co-morbidities (e.g., Diabetes mellitus), concomitant use of other immunosuppressive drugs, poor nutritional status, as well as severity and nature of the underlying disease condition (Yasir et al., 2023). 

Adrenal suppression 
 Adrenal suppression occurs when the exposure of the HPA axis to synthetic corticosteroids like prednisone and prednisolone leads to inadequate cortisol production. Adrenal suppression may occur especially in patients taking large doses of these drugs. The exogenous glucocorticoids cause negative feedback by suppressing the hypothalamic-pituitary-adrenal (HPA) axis, thereby decreasing corticotropin-releasing hormone (CRH) from the hypothalamus, adrenocorticotropic hormone (ACTH) from the anterior pituitary gland, and endogenous cortisol. Prolonged suppression of ACTH results in atrophy of  the adrenal glands. Therefore, when the person abruptly stops taking prednisolone or prednisone, the body cannot restore adrenal function quickly enough, leading to temporary adrenal insufficiency. Signs and symptoms of adrenal suppression can be mistaken for symptoms of the underlying condition that is receiving treatment and include dizziness or weakness, psychiatric symptoms, headache (usually in the morning), malaise, fever, nausea, vomiting, diarrhoea, abdominal pain, myalgia, arthralgia, anorexia and weight loss (Yasir et al., 2023). 
The condition may go unrecognized until exposure to stress (e.g., injury, illness or surgery), during which the body will not be able to stimulate production of additional cortisol needed to combat the stress. Hence, the requirement for gradual tapering of corticosteroid, instead of abrupt stoppage. Long-term, high-dose suppressive therapy can lead to suppression of the hypothalamic-pituitary-adrenal axis for as long as nine to twelve months following withdrawal (Liu et al., 2013; Hodgens and Sharman, 2023). It is however worthy of note that the duration and dosage of corticosteroid therapy are not reliable predictors of when patients will develop suppression of the HPA axis (Liu et al., 2013).  
Osteoporosis, fractures and osteonecrosis
Osteoporosis and fractures are among the well-known adverse effects of long-term use of oral corticosteroids. It has been reported that prednisone dose as low as 5 mg/day can lead to bone loss, and therapy with 5 mg or more per day of prednisolone or prednisone) has been associated with significant reductions in bone mineral density and increased fracture risk within 3 to 6 months of starting treatment (Hodgens and Sharman, 2023; Liu et al., 2013; Van Staa et al., 2002). Osteonecrosis can occur particularly with long-term use of prednisone or prednisolone more than 20 mg daily. Hips and knees are the joints most commonly affected, and sometimes shoulders and ankles. The initial pain may eventually become severe and debilitating (Yasir et al., 2023).   Mineralization of bone matrix is impaired by corticosteroids by initially enhancing the activity of osteoclasts in the first 6 to 12 months of treatment, while also inhibiting calcium absorption in the gut. Additionally, glucocorticoids have been reported to cause a decrease in bone formation by reducing the activity and lifespan of osteoblasts, enhancing their apoptosis as well as the apoptosis of osteocytes (Ericson-Neilsen andKaye, 2014; Liu et al., 2013).
Diabetes and hyperglycaemia
Therapy with corticosteroids is the most common cause of drug-induced diabetes mellitus, in addition to increasing insulin resistance in patients with diabetes mellitus (Liu et al., 2013). The hyperglycaemic effect of corticosteroids is dose-dependent, and affects the postprandial values more significantly than the fasting glucose levels in patients without preexisting diabetes mellitus. While patients with diabetes mellitus or glucose intolerance exhibit higher blood glucose levels while taking glucocorticoids, the development of diabetes in a patient with initially normal glucose tolerance is not common (Schneiter and Tappy, 1998; Hoes et al., 2011). 
Glaucoma and Cataract
The risk for both glaucoma and is dose-dependent in patients taking corticosteroids. In patients with a family history of open-angle glaucoma, systemic glucocorticoids can result in a painless increase in intraocular pressure, which can cause atrophy of the optic nerve and visual field loss. The increase in ocular pressure will resolve within few weeks of discontinuation of corticosteroid but damage to the optic nerve and vision loss can be permanent (Tripathi et al., 1999; Liu et al., 2013). No clear association has been found between short-course corticosteroid use and the development of glaucoma (Price et al., 2018; McDougall et al., 2025). Development of cataract has been reported to be significantly high in patients taking more than 10 mg prednisone daily for more than one year, although cataract risk has been reported even with low-dose glucocorticoids (Thiele et al., 2005). 
Risk of Infections
The anti-inflammatory and immuno-suppressant effects of corticosteroids can increase patient’s vulnerability to infections. It has been reported that the infection rate is significantly higher in patients on systemic corticosteroids of 10 mg daily. Particularly, patients are susceptible to viral and fungal infections. Apart from dosage, the patient’s age, underlying disorders, and concomitant use of biologic or non-biologic disease-modifying anti-rheumatic drugs (DMARDs) may also contribute to the immunosuppressive effect (Widdifield et al., 2013; Yasir et al., 2013; Liu et al., 2013).
Cushingoid Features
Cushing syndrome has been linked to glucocorticoid therapy. Cushingoid features involve weight gain and body fat redistribution (e.g., facial fat increase also known as "moon facies," dorsocervical fat pad, commonly called "buffalo hump," and truncal obesity) seen with excess cortisol. Other clinical presentations include skin changes, and hypertension. The risk of cushingoid features is higher in patients with younger age, higher body mass index at baseline, and high caloric intake The development of cushingoid features is dose and duration-dependent and can occur early within the first two months of corticosteroid treatment (Fardet et al., 2007; Yasir et al., 2013; Liu et al., 2013; Hodgens and Sharman, 2023).


Neuropsychiatric Effect
Individuals taking glucocorticoids often experience an enhanced sense of well-being several days of starting the drugs (Brown and Chandler, 2001; Yasir et al., 2013). Oral corticosteroids can cause a wide range of psychiatric disorders, including psychosis, anxiety, insomnia, agitation, irritability, hypomania, and mood lability. Psychosis is mostly seen with high doses (above 20 mg prednisone daily or equivalent) taken for a prolonged period of time (Kershner and Wang-Cheng, 1989). Corticosteroids given for a short period of time can produce euphoria which may progress to depressive symptoms with prolonged usage (Bolanos et al., 2004). There is a clear correlation between these adverse psychiatric and cognitive side effects and the administered dose of glucocorticoids. The reversibility of these impairments is still a matter of debate (De Alcubierre et al., 2023; Gruszka et al., 2025).


Myopathy
Glucocorticoid usage (particularly high-dose long-term) has been associated with muscle weakness and atrophy occurring in the upper and lower extremities over several weeks to months. Corticosteroid withdrawal and exercises usually results in the resolution of myopathy. It is due to catabolic effects of corticosteroids on the muscles, resulting in decreased synthesis and increased catabolism of proteins (Yasir et al., 2013; Liu et al., 2013)
Cardiovascular Effects
Corticosteroid therapy at high doses has been linked with hypertension.  Some studies have reported the association of corticosteroid use with higher rates of cardiovascular events, heart failure, new-onset atrial fibrillation and flutter, atherosclerosis, hyperglycaemia, weight gain, and ischeamic heart disease (Whitworth, 1987; Wei et al., 2004; Panoulas et al., 2008; Liu et al., 2013).
Dermatologic Effects
Several dermatologic adverse effects have occurred even at low glucocorticoids dosage. Risk of adverse effects is dose and duration-dependent. Cutaneous adverse effects of corticosteroids include skin thinning and atrophy, striae, acne, mild hirsutism, facial erythema, perioral dermatitis, impaired wound healing, and thinning of hair. Glucocorticoids reduce collagen synthesis, inhibit leukocytes and macrophages migration, and decrease the expression of keratinocyte growth factor after a wound (Liu et al., 2013; Yasir et al., 2013).

Gastrointestinal Adverse Effects
Gastrointestinal adverse effects associated with prednisolone/prednisone use include gastric ulcer, gastritis, dyspepsia, and abdominal distention. Clinical evidence shows that the risk of developing peptic ulcer disease from corticosteroid therapy alone is low. This risk, however, increases almost four-fold when corticosteroid is used concomitantly with nonsteroidal anti-inflammatory drugs NSAIDs such as ibuprofen, aspirin, diclofenac etc. Other gastrointestinal adverse effects of glucocorticoids include visceral perforation, pancreatitis, and fatty liver disease (hepatic steatosis) [Piper et al., 1991; Liu et al., 2013

Growth suppression 

 Oral prednisone/prednisolone therapy has been associated with delayed growth and puberty in children and adolescents. Other reports suggest that the final height of children treated with corticosteroid may also decrease. It is pertinent to note that growth retardation can also be as a result of adrenal suppression (Allen et al., 1994; Liu et al., 2013; Hodgens and Sharman, 2023).

Contraindications
General contraindications include hypersensitivity to prednisone/prednisolone. Concurrent administration of live or live-attenuated vaccines (if using glucocorticoids in immunosuppressive doses), osteoporosis, systemic fungal infection, uncontrolled hyperglycaemia, diabetes mellitus, varicella infection, joint infection, uncontrolled hypertension, herpes simplex keratitis, and glaucoma.  Relative contraindications (risk versus benefits) include peptic ulcer disease, congestive heart failure, and viral or bacterial infections uncontrolled by anti-infectives (Hodgens and Sharman, 2023). Clinicians can administer live virus vaccines to patients who are on prednisone or prednisolone in doses less than 20 mg daily for 2 weeks or less, and also in the circumstances where glucocorticoids are used for long-term physiologic replacement (Yasir et al., 2013).

Practical recommendations for monitoring, prevention and management of prednisone and prednisolone-induced adverse events

Assessment and Monitoring

Before starting corticosteroid treatment, a history and physical exam are necessary to evaluate any risk factors or comorbidities that could be worsened by corticosteroid treatment such as diabetes, hypertension, congestive heart failure, hyperlipidemia, psychiatric disorders, osteoporosis, and gastrointestinal disorders (Hill et al., 1990). Baseline measures of blood pressure, height, body weight, and bone mineral density should be obtained, along with a complete blood count, blood glucose values, and lipid profile. In children, nutritional and pubertal status should also be evaluated (Yasir et al., 2013; Liu et al., 2013).

Prevention of Adverse Effects
Although some adverse effects of glucocorticoids are unavoidable, some can be prevented or reduced by the following: (Liu et al., 2013).
(i) Use of the lowest dose of glucocorticoids for the shortest duration of time to achieve the treatment goals
(ii) Consider once-daily dosing, morning dosing and alternate-day dosing
(iii) Prednisone/prednisolone should be administered in the morning before 9:00 AM.  This is because these drugs suppress endogenous adrenocortical activity the least when administered during the time of maximal activity (the morning) for single-dose administration. Maximal adrenal cortex activity occurs between 2:00 a.m. and 8:00 a.m., and it is minimal between 4:00 p.m. and midnight (Puckett et al., 2023; Puckett et al., 2018).
(iv) Dose splitting: Despite the practice of the single morning dose, some patients receiving GC therapy for RA required a nocturnal GC dose to control strong night symptoms and morning stiffness (Spies et al., 2014). The question is whether dose splitting into a morning and an evening dose is adequate for chronotherapy (the manipulation of circadian rhythms in order to affect a disease state). Chronoeffectiveness refers to rhythm-dependent differences in the magnitude of the desired therapeutic effects. This approach of choosing the right time for prednisone or prednisolone usage primarily focuses on chronotoxicological aspects (rhythm-dependent differences in the manifestation and severity of adverse effects). Dose splitting with morning and evening doses appears to cause more HPA suppression (Smolensky and Peppas, 2007; Deandrade et al., 1964). It has been reported that, if dose splitting is necessary, exogenous oral corticosteroids should be given in the morning and early afternoon (3:00 p.m.) (2/3 + 1/3 dose) [Spies et al., 2014].
(v) When administering large doses, the patient should use antacids between meals to help prevent peptic ulcers. 
(vi) Patients who also require concomitant treatment with non-steroidal anti-inflammatory drugs (NSAIDs) or anticoagulants shall receive therapy with proton pump inhibitors (PPI). There is no consensus on PPI treatment of patients on glucocorticoids alone without NSAIDs and no other risk factors for peptic complications.
(vii)  Management of preexisting comorbid conditions 
(viii) Monitoring of patients under treatment for adverse effects
Patients who require an extended course of glucocorticoids, especially high doses, shall receive appropriate immunizations before the institution of therapy. Prophylaxis for opportunistic infection with Pneumocystis jirovecii pneumonia (PCP) is also recommended in patients receiving prednisone at a dose of 20 mg or more for more than two weeks. The prophylaxis can stop once the dose of prednisone is below 20 mg daily dose. Symptoms of and/or exposure to serious infections should also be assessed as corticosteroids are relatively contraindicated in patients with untreated systemic infections. Concomitant use of other medications also merits attention before initiating therapy as significant drug interactions exist between glucocorticoids and several drug classes.
Withdrawal of prednisone/prednisolone therapy
Abrupt cessation of chronic glucocorticoid therapy can be dangerous as there is a risk of HPA axis suppression. If steroid therapy is in place for less than one week, patients can usually stop without tapering. For dosing lasting one to three weeks, tapering should depend on the clinical conditions for which the patient took the medication. Rapid and complete withdrawal can lead to adrenal suppression and flare of the underlying disease. Courses over three weeks should have a quick taper to physiologic doses, then slow weaning should follow while evaluating the adrenal function (Richter et al., 2002). Use of prednisone or prednisolone may need to be resumed in people who become ill or otherwise severely stressed within weeks of having the drug tapered and stopped.

Subsequent Monitoring

(i) Assessment of Bone Health

American College of Rheumatology has published specific guidelines addressing this issue to help prevent and manage glucocorticoids-induced osteoporosis (Buckley et al., 2017). The measures include:  
(a) All adults receiving prednisone 2.5 mg or more daily for more than three months shall be encouraged to optimize calcium and vitamin D intake, and shall be counseled to quit smoking, have a balanced diet and be engaged in regular weight-bearing exercises, and limit alcohol intake to 1 to 2 alcoholic beverages in a day.
(b) Clinical fracture risk reassessment shall be performed at baseline and every 12 months in patients receiving long-term glucocorticoids.
(c) Bone mineral density (BMD) measurement via DEXA scan shall be performed ideally before or within six months after the initiation of glucocorticoid therapy in all adults 40 years of age or more, and in adults younger than 40 years of age if there is a history of osteoporotic fractures or other risk factors for osteoporosis.
(d) In adults 40 years of age or more, the 10-year fracture risk assessment is necessary using the World Health Organization’s (WHO) Fracture Risk Assessment Tool (FRAX), a diagnostic tool that incorporates clinical factors and bone mineral density at the femoral neck) [Kanis et al., 2011). 
(e) Based on the above data, in addition to the dose and duration of glucocorticoid therapy, patients fall into three fracture risk categories: low risk, moderate risk, and high risk. Their fracture risk category shall dictate further management.
(f) Bisphosphonates, teriparatide, or denosumab shall be recommended in patients less than 40 years of age but in the moderate or high fracture risk category.
(g) Bisphosphonates, teriparatide, denosumab, or raloxifene shall be recommended in patients 40 years of age or more in the moderate or high fracture risk category.
(h) Oral bisphosphonates (e.g., Alendronate are preferred in all these patients.
(i) Lateral spine X-ray shall be considered in adults 65 years of age or older to evaluate for vertebral fractures.
(j) Consider referral to endocrinologist/rheumatologist if fracture risk is high and/or BMD is declining.
In the management of osteonecrosis, magnetic resonance imaging (MRI) is the most sensitive test, especially for early detection. Plain radiographs may be negative initially but can be useful for follow-up. Treatment is by decreased weight-bearing and immobilization initially, but surgery and/or joint replacement may be necessary if severe (Yasir et al., 2023).   

Assessment of Hypothalamic: Pituitary-Adrenal (HPA) Function
The HPA axis should undergo assessment if the patient has received systemic corticosteroids for more than two consecutive weeks or more than three cumulative weeks in the last six months or if the patient has persistent symptoms of adrenal suppression. Screening is by measuring early morning salivary cortisol after tapering off the dose of cortisol. If morning cortisol is normal, but the patient has symptoms of adrenal suppression, perform a low-dose ACTH stimulation test to confirm the diagnosis. Consider endocrinology referral for confirmation of diagnosis.
Assessment of Growth (Children and Adolescents)
Growth in children and adolescents on chronic glucocorticoid therapy shall be monitored every six months and plotted on a growth curve. 
Assessment of Dyslipidemia and Cardiovascular Risk (Adults)
Lipid profile shall be monitored one month after glucocorticoid initiation and then every 6 to 12 months. Glycemic control requires assessment via screening for classic symptoms at every visit: polyuria, polydipsia, weight loss. Monitor glucose parameters for at least 48 hours after glucocorticoids initiation, then every 3 to 6 months for the first year and annually afterward. In children, an annual oral glucose tolerance test merits consideration if the child is obese or has risk factors for diabetes.


Assessment of Ophthalmological Complications
An annual ophthalmological examination shall be considered, especially for those with symptoms of cataracts, and early referral for intraocular pressure assessment should occur if there is a personal or family history of open-angle glaucoma, diabetes mellitus, or high myopia.

Conclusion

Corticosteroids constitute a double-edged sword - significant benefit with a low incidence of adverse effects can be expected if used in proper dosage and for a limited duration; however, wrong dose and/or duration and unmindful withdrawal after prolonged administration can have catastrophic effects.
Systemic corticosteroids are widely used to treat a variety of autoimmune and inflammatory disorders. Despite the benefits of these agents, their prolonged use (particularly at high doses) is associated with potentially serious AEs affecting the musculoskeletal, endocrine, CV, and central nervous systems as well as the GI tract. Many of these side effects can be minimized through careful patient monitoring and implementation of preventive measures, including the use of lower potency agents and the lowest effective dose required for management of the underlying condition.
Patients should be informed about the AEs associated with systemic corticosteroid use and should be advised on lifestyle modification strategies that may help reduce the risk of these events. Patients should also be instructed to seek medical attention if they experience signs and symptoms of steroid-related AEs and should be advised to carry a steroid treatment card that can be shown to all healthcare professionals involved in their care and management. Differences in the monitoring and care of adults versus children should also be noted, particularly in terms of GC-associated complications related to growth, AS and osteoporosis.

Patients should be informed about the AEs associated with systemic corticosteroid use and should be advised on lifestyle modification strategies that may help reduce the risk of these events. Patients should also be instructed to seek medical attention if they experience signs and symptoms of steroid-related Aes.
The phobia, apprehension and uncertainties associated with adverse effects of these steroids can be curtailed or avoided when appropriate measures are taken. This is particularly important in many life-threatening maladies with little or no therapeutic alternatives.
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