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Abstract 
___________________________________________________________________________________________________________________ 

Since their identification nearly 80 years ago, steroids have played a prominent role in the treatment 
of many disease states. Many of the clinical roles of steroids are related to their potent anti-
inflammatory and immune-modulating properties. Clinically relevant side effects of steroids are 
common and problematic. Side effects can occur at a wide range of doses and vary depending on the 
route of administration. The full spectrum of side effects can be present even in patients taking low 
doses. Practitioners must be aware that these drugs might exacerbate a preexisting condition or 
present a new medical condition. Knowledge of the clinical implications of prescribing these agents is 
critical. Steroid withdrawal syndrome can produce a broad array of signs and symptoms, some of 
which are not well recognized. High fever is among these. Corticosteroids modulate immune function 
through various effects in the nucleus of numerous cells. When used in pharmacologic doses to 
suppress allergic responses or inflammation, these agents can cause numerous adverse effects 
associated with an excess of glucocorticoid activity. Prolonged use (>2 wk) results in suppression of 
the hypothalamic-pituitary-adrenal axis, which requires tapering of doses. Dosing strategies for 
systemic corticosteroids are designed to minimize the risk for hypothalamic pituitary-adrenal axis 
suppression. This review summarizes the basic pharmacology, complications, and practice delivery 
issues regarding steroids. 

Keywords: Steroids, Corticosteroids, Adrenal cortex hormones, Glucocorticoids, Medication therapy 
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Introduction 

Since their identification in 1935, steroids have served a wide 
range of uses. Initially, these isolates from adrenal glands were 
thought to be useful only in patients suffering from Addison 
disease1. Today, many of the clinical roles of steroids are 
related to their potent anti-inflammatory and immune-
modulating properties. Clinically relevant side effects of 
steroids are common and problematic, ranging from a minor 
case of acne to Cushing syndrome that can result in diabetes 

mellitus and potentially life-threatening heart disease if 
untreated2. Side effects can occur at a wide range of doses and 
vary depending on the route of administration1. The term 
steroid applies to a wide range of molecules with varying 
physiological effects. More specifically, corticosteroids are a 
class of chemicals encompassing both laboratory-synthesized 
and naturally produced hormones. Glucocorticoids, in general, 
regulate metabolism and inflammation; mineralocorticoids 
regulate sodium and water levels. Corticosteroids fall along a 
spectrum from exclusively glucocorticoid effects to exclusively 
mineralocorticoid effects and steroid compounds are selected 
based on their appropriateness for a given treatment. For 
example, although a compound may possess potent anti-
inflammatory properties, it may additionally have 
mineralocorticoid activity that adversely affects blood 
pressure. Corticosteroids are important therapeutic agents 
used to treat allergic and inflammatory disorders or to 
suppress undesirable or inappropriate immune system 
actions. The term corticosteroid is used clinically to describe 
agents with glucocorticoid activity. Cortisol is the endogenous 

glucocorticoid, named for its effects on glucose metabolism 
but which also exerts the other immunological actions of 
corticosteroids. Cortisol is produced in the adrenal gland 
through cholesterol metabolism. A variety of other hormones, 
including mineralocorticoid, aldosterone, and male and female 
sex hormones, are produced through the common pathway of 
cholesterol metabolism. This common pathway and structural 
similarities among the hormones help to explain some of the 
side effects and adverse reactions associated with 
pharmacologic doses of cortisol and its synthetic analogues3-5. 

Hypothalamic-pituitary-adrenal axis physiology 

Endogenous cortisol production by the adrenal gland is 
controlled by the hypothalamic-pituitary-adrenal axis and 
occurs in a diurnal and circadian pattern every 24h. 
Corticotrophin-releasing hormone is released from the 
hypothalamus and acts on the anterior pituitary to release 
adrenocorticotrophic hormone, which stimulates cortisol 
production and release from the adrenal gland6. Exogenously 
administered adrenocorticotrophic hormone results in an 
increase in serum cortisol and is an older therapy that has 
limited clinical utility today. Plasma cortisol concentrations 
are typically highest in the morning (eg, 10-15 µg/ml at 6:00-
8:00 AM), and lowest during the night while sleeping. 
Circulating cortisol exerts negative feedback on 
adrenocorticotrophic hormone and corticotrophin releasing 
hormone production7,8 Normal hypothalamic-pituitary-
adrenal axis function is important for general health and well-
being. Under non-stressed conditions, cortisol production is 
approximately 20mg daily in adults. In addition to the normal 
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production and control of cortisol secretion, physical or 
psychological stress also is associated with increased levels of 
cortisol. Examples of stress include infection, major trauma 
and diseases. There is clinical evidence that the daily 
production can increase to 150-200mg during physical or 
mental stress6. In serious chronic disease associated with 
inflammation, including sepsis, the adrenal glands ability to 
produce cortisol at maximal levels is impaired. This situation 
is described as relative adrenal insufficiency and 
supplementation with hydrocortisone may be warranted9. The 
adrenal gland consists of 3 functional zones. Cortisol is the 
product of cholesterol metabolism in the zona fasciculate6.The 
primary mineralocorticoid, aldosterone, is produced in the 
zona glomerulosa, whereas androgens and sex hormones, 
including progesterone, estrogens and testosterone, are 
produced in the zona fasciculate and zona reticularis. A 
functioning and intact hypothalamic-pituitary-adrenal axis is 
important for maintaining health and metabolic functions. 
Mineralocorticoid activity through aldosterone is primarily 
controlled by the renin-angiotensin-aldosterone system as 
well as by serum potassium concentrations. Although cortisol 
and aldosterone control specific functions, both agents 
possess qualities affecting the other system due to their 
structural similarities and because they are derivatives of 
cholesterol. 

Corticosteroid metabolism and clinical role 

Although corticosteroid metabolism is complicated by enzyme 
induction, protein binding, molecular interconversion and 
interaction with endogenous cortisol, corticosteroids are 
generally metabolized by the hepatic P450 system10. Direct 
application (eg, topical, intraarticular, inhaled, or epidural) of 
these agents to sites of inflammation bypasses the liver and its 
first-pass effect. Chronic oral glucocorticoid use is common in 
patients with rheumatoid arthritis, chronic obstructive 
pulmonary disease, systemic lupus erythematosus, 
inflammatory bowel disease and asthma11. Side effects of 
chronic use include bruising, muscle weakness, weight gain, 
skin changes, sleep disturbances, cataracts and pathologic 
fractures11. Glucocorticoid administration can also have 
psychiatric side effects: mood disorders, anxiety, delirium, and 
panic disorder. Psychotropic medication may be required to 
treat these symptoms, but the prognosis is favorable once the 
glucocorticoids are reduced or discontinued12-14. Adverse 
effects occur in up to 90% of patients who take glucocorticoids 
for >60 days. These side effects, including the more serious 
fractures and cataracts, occur even in patients taking low 
(≤7.5mg/d) dosages11,15. Glucocorticoids affect bone 
mineralization by inhibiting calcium absorption in the 
gastrointestinal tract and shifting signaling-molecule 
production to favor bone resorption. Recommendations for 
preventing glucocorticoid-induced osteopenia and its 
subsequent complications and comorbidities include 
supplementing calcium with vitamin D for glucocorticoid 
doses ≥5 mg/d and starting bisphosphonates when indicated 
by densiometric evaluation15. Because of their effects on 
insulin resistance, glucocorticoids are the most common cause 
of drug induced diabetes mellitus16. Screening guidelines using 
a fasting glucose ≥126 mg/dl or HbA1c ≥6.5% are suitable for 
diagnosing steroid-induced diabetes; however, per American 
Diabetes Association guidelines, results should be confirmed 
via repeat testing16. Management is similar to that of type 2 
diabetes mellitus; treatment options progress from single 
agent to double agent to insulin±another agent, based upon 
fasting glucose measurements and glucose control. In patients 
with preexisting diabetes, blood sugars should be measured 
more often than in patients without preexisting diabetes, and 
medications should be adjusted to maintain adequate 
control16. Cushing syndrome and adrenal suppression have 

been observed in patients taking oral, intraarticular, epidural, 
inhaled, nasal, ocular and topical glucocorticoid preparations. 
These side effects become more likely with longer durations of 
treatment and higher dosages15,16. Mineralocorticoid activity 
causes the retention of sodium and free water and the 
excretion of potassium. Derangements in mineralocorticoid 
production can manifest with abnormalities in any of these 
areas. Hyponatremia, hyperkalemia and hypotension are 
present to varying degrees in mineralocorticoid deficient 
states (eg, various congenital adrenal hyperplasias and 
aldosterone synthase deficiency), whereas the inverse is 
present in mineralocorticoid excess states (eg, Conn 
syndrome). Because endogenous glucocorticoids also have 
activity at mineralocorticoid receptors, signs and symptoms of 
mineralocorticoid excess can be seen in cases of excess 
glucocorticoid production (eg,Cushing syndrome) 2. 

Structure 

All steroid hormones are derived from cholesterol 
metabolism. The shared chemical feature of cortisol and 
synthetic analogues, including systemic and topical therapies, 
is a 17-carbon androstane structure that originates from 
cholesterol metabolism. There are three 6-carbon hexane 
rings and one 5-carbon pentane ring (Figure 1) 17. The key 
characteristic of steroid molecules responsible for 
glucocorticoid activity is the presence of a hydroxyl group at 
carbon 11. Agents that have 2 carbons at position 17 on the 
pentane ring and methyl groups at the carbon 18 and 19 
position are referred to as glucocorticoids because of their 
activity with glucose metabolism. Other modifications to the 
structure can increase potency or reduce mineralocorticoid 
activity. Two clinically used corticosteroid agents, cortisone 
and prednisone, have a ketone group at carbon 11 and require 
hepatic activation to active the hydroxyl compounds 
hydrocortisone and prednisolone, respectively. 
Hydrocortisone is the clinical name for cortisol. There are 
numerous corticosteroid agents that have been developed for 
topical use (eg, creams, ointments, enemas, ophthalmics, nasal 
and oral inhalation and intra-articular injections) and are 
biologically active with the carbon-11 hydroxyl group. The 
addition of esters at carbons 16 and 17 and of hydrophobic 
groups at carbons 20 and 21 improve affinity for the 
glucocorticoid receptor. For synthetic agents, the addition of a 
halogen and a 1, 2 double bond on carbons 6 and 9 results in 
improved potency and stability against metabolism. In 
general, the structural modifications result in improved 
specificity for the glucocorticoid receptor, a longer duration of 
receptor occupancy, increased lipophilicity, and reduced 
aqueous solubility18. These features are desirable 
pharmacologic properties to enhance efficacy and safety. 

 

Figure 1 Corticosteroid molecule 

Corticosteroid preparations 

Steroid injections are associated with side effects related to 
dosage, duration of administration, added ingredients or 
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contaminates and particle size. Particulate steroids present a 
theoretical risk of occluding vessels depending on the size of 
particulate aggregates. Common additives in steroid 
preparations, such as benzyl alcohol and ethylene glycol, have 
been implicated in case reports and studies of complications 
following epidural steroid administration19,20. Dexamethasone 
and betamethasone sodium phosphate are pure liquids, 
whereas methylprednisolone, triamcinolone and 
betamethasone are solutions and their particle size depends 
upon the type of preparation and dosage. Studies have shown 
that transforaminal dexamethasone is just as effective at 4 mg 
as it is at 8 mg and 12 mg and that nonparticulate steroid 
preparations are just as effective as particulate preparations in 
treating cervical radicular pain21,22. Methylprednisolone and 
triamcinolone are the drugs most commonly used for epidural 
steroid injections. Common side effects of epidural steroid 
injections are paresthesia, pain on injection, intravascular 
injection, bleeding and dysesthesia21. The most serious 
complications of epidural steroid injections are related to 
intravascular injections. Intraarterial injections may occur 
even with a negative aspirate and have been shown to 
potentially cause paraplegia. Although the use of computed 
tomography guidance instead of conventional fluoroscopy 
provides a better image of relevant anatomy, it does not 
assure avoidance of these adverse events23. Topical 
corticosteroids (2.5% ointment, triamcinolone 0.1% ointment, 

and clobetasol propionate 0.05% foam) achieve more effective 
skin concentrations than oral prednisone24. Side effects, 
including skin thinning, color change, and systemic effects, can 
be expected with topical application of corticosteroids and 
increase in a dose-dependent manner25. Inhaled 
corticosteroids have evolved into a mainstay of therapy for 
moderate to severe asthma. Effectiveness and systemic 
bioavailability vary with each corticosteroid molecule and 
dosage, but in general, systemic effects are minimized with 
proper administration26. Common side effects of inhaled 
corticosteroids include gingival irritation and oral candidiasis, 
as well as the many systemic effects associated with 
corticosteroid use26,27. Fludrocortisone is a synthetic 
corticosteroid that has potent mineralocorticoid effects. It has 
been used clinically to achieve the mineralocorticoid effects of 
sodium and water retention in cases of cerebral salt wasting, 
orthostatic hypotension, and adrenocortical insufficiency in 
Addison disease28-30. Potassium wasting is a common side 
effect of fludrocortisones administration, and electrolyte 
levels should be monitored while a patient is undergoing 
fludrocortisones administration30. The potencies of 
corticosteroids vary widely, with synthetic compounds 
generally retaining greater anti-inflammatory potency and 
weaker salt-retaining properties; these potencies are 
summarized in the Table 1. 

 

Table 1 Basic potency, duration of action, and equivalent dose of typical steroid preparations 

Agent Anti-inflammatory 
potency relative to 
cortisol 

Mineralocorticoid 
potency relative to 
cortisol 

Duration of action, 
hours 

Equivalent 
dose, mg 

Cortisol 1 1 8-12 20 

Triamcinolone (Aristocort) 5 0 12-36 4 

6-Methylprednisolone 
(Depo-Medrol) 

5 0 12-36 4 

Betamethasone (Celestone) 25 0 36-72 0.75 

Fludrocortisone 10 125 - - 

 

Mechanistic pharmacology and physiology of 
steroids 

The anti-inflammatory properties of steroids have been 
attributed to their inhibitory effects on the action of 
phospholipase A2, an enzyme critical to the production of 
inflammatory compounds31. Research has shown that steroids 
are active in affecting gene expression, translation and enzyme 
activity. In short, they bring about their physiologic effects 
through a multitude of biochemical pathways32. One such 
pathway is through their induction of the production of 
proteins called lipocortins. Glucocorticoids stem the 
production of inflammatory mediators such as leukotrienes 
and prostaglandins and effectively halt the inflammatory 
cascade31,33. As their wide-ranging side effects indicate, 
glucocorticoids can impact many systems throughout the 
body. Through negative feedback regulation of the 
hypothalamic-pituitary-adrenal (HPA) axis, exogenous 
glucocorticoids can directly induce hypopituitarism (Addison 
disease). Their actions on glucose metabolism can increase 
insulin resistance in tissues and increase fasting glucose levels. 
Glucocorticoids can act directly on osteoclasts to affect bone 
resorption and decrease calcium absorption in the 
gastrointestinal tract, resulting in osteopenia and 
osteoporosis34. Because of the wide-ranging effects that 
glucocorticoids can have on a patient’s body and on the HPA 

axis in particular, a practitioner must be careful when 
discontinuing their administration. If steroids have been 
administered for less than 1 week, they can be stopped 
without tapering. For dosing lasting 1-3 weeks, tapering 
should be based upon clinical conditions and the illness for 
which the medication was prescribed16. When the patient has 
taken glucocorticoids for more than 3 weeks, the practitioner’s 
goal is a quick tapering to physiologic doses and then a slow 
decrease in dosage while evaluating adrenal function. For 
patients who are taking equivalent doses of 30 mg of 
hydrocortisone daily or have established HPA axis dysfunction 
and are under stress (eg, major surgery, critical illness, 
trauma), an increased dosing of steroids (intravenous or 
intramuscular hydrocortisone) is recommended every 6 hours 
for 24 hours, followed by a tapering to the previous 
maintenance dose by 50% per day34. Mineralocorticoids, 
endogenously represented by aldosterone and 
deoxycorticosterone, effect physiologic changes by altering 
electrolyte (sodium and potassium) levels, causing volume 
changes to occur. Rather than being moderated by the HPA 
axis as glucocorticoid production is, mineralocorticoid 
production is mainly regulated by the renin-angiotensin-
aldosterone system, although adrenocorticotrophic hormone, 
a product of the HPA axis, does have minimal activity in 
stimulating aldosterone release2. 
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Tapering of corticosteroid therapy 

When corticosteroids are used systemically as intensive 
therapy or for prolonged courses, a tapering strategy is 
recommended to prevent signs and symptoms of adrenal 
insufficiency due to hypothalamic-pituitary-adrenal axis 
suppression. General recommendations regarding the need to 
consider a tapering regimen are (1) prednisone ≥30 mg daily 
(or equivalent) for at least 2 weeks, (2) any dose of any 
systemic corticosteroid for at least 1 month, or (3) when signs 
and symptoms of hypothalamic-pituitary-adrenal axis 
suppression are already present. Some clinicians also use 
tapering to avoid an exacerbation or flare of the condition that 
is being treated. Although there may be examples among the 
hundreds of inflammatory and immune conditions for which 
corticosteroids are used, in general, an exacerbation that 
results from abrupt discontinuation of corticosteroid therapy 
(when appropriate) is rare. In clinical practice, clinicians use 
tapering more commonly than the situations described above. 
There are likely multiple reasons for this decision, including 
concerns about hypothalamic-pituitary-adrenal axis 
suppression and its consequences. It is generally unnecessary 
to taper doses in patients who receive corticosteroids for 5-10 
d, which is among the most common regimens used for acute 
treatment. Unfortunately, the use of tapering in these 
situations can lead to longer exposure to the corticosteroid 
than necessary and the attendant risks associated with 
continued use. Tapering of corticosteroids, when appropriate, 
is an art rather than a science and may require frequent 
adjustments to the tapering schedule, depending on how the 
patient is tolerating the taper. Although there is no one correct 
strategy for tapering, general recommendations based on 
clinical experience are provided for consideration. First, the 
clinical team should determine whether a rapid or slow 
tapering schedule is desired. Generally, shorter use of 
corticosteroids can be tapered fast, whereas longer durations 
of treatments require slower tapering. A general observation 
is that the duration of a taper should be 33-100% of the 

treatment course. When using prednisone as an example, 
tapering of daily doses of >20 mg can be made in 10-mg 
increments, with adjustments made every few days to weeks, 
depending on the duration of the taper. When a daily dose of 
20 mg daily is reached, it is useful for the patient to see the 
clinician for evaluation about how the tapering regimen is 
being tolerated. At this point, reducing the daily dose in 2.5- or 
5-mg increments according to the schedule is often successful. 
At any point during a tapering regimen, if the patient develops 
signs of adrenal insufficiency, then the taper can be stopped or 
slowed until the patient is stable35. 

Adverse effects associated with long term use 
of corticosteroids 

As discussed above corticosteroids are double edged sword, 
prolonged use of steroids mainly systemic steroids leads to 
adverse effects like osteoporosis and fractures, HPA-axis 
suppression, cushing syndrome and weight gain, 
hyperglycaemia/ diabetes, CVD and dyslipidaemia, myopathy, 
cataracts and glaucoma, psychiatric disturbances, 
immunosuppression as well as other GI and dermatologic 
events. Mechanisms of adverse effects during the 
administration of Glucocorticoids observed chronic disease 
(eg, prednisone or prednisolone) do not have significant 
mineralocorticoid, androgenic, or estrogenic activity; thus, 
their major adverse effects result from inhibition of 
hypothalamic-pituitary-adrenal function and the development 
of iatrogenic Cushing's syndrome. The effects of 
glucocorticoids are mediated by differences in bioavailability, 
receptor activation by phosphorylation, translocation, and 
repression/activation of gene expression. This leaves multiple 
sites where differences among glucocorticoids and/or 
differences among individuals can result in differences in 
efficacy and toxicity. It helps explain the differential resistance 
to therapy and toxicities among patients. Below Figure 2 is the 
over view of long term effects of steroids36. 

 

 

Figure 2 Effects of long term use of corticosteroids 

Conclusion 

Since their discovery, steroids have infiltrated nearly every 
branch of medicine and can be administered in nearly every 
route available. The effects of steroid use can vary widely, and 
the full spectrum of side effects can be present even in patients 
taking low doses. Practitioners must be aware that the drug 
can possibly exacerbate a preexisting condition or present a 
new medical condition. Knowledge of the clinical implications 
of prescribing these agents is critical. 
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