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The final article in this 4-part continuing medical education series reviews the ocular, cardiovascular,
muscular, and psychiatric side effects of glucocorticoids and discusses side effects unique to pediatric
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OCULAR ADVERSE EVENTS Glucocorticoid use increases the risk of glaucoma

Key points
d The risk for developing glaucoma and cata-
racts while taking glucocorticoid therapy
appears to be dose-dependent

d When long-term glucocorticoid therapy
is planned, clinicians should ask about
the history of glaucoma and cataracts
and consider referral for ophthalmologic
examination
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and cataracts.1 The risk appears to be both duration
and dose-dependent. In 1 study, glaucoma risk
increased with doses [7.5 mg of prednisone per
day taken for $6 months.2 A separate case-control
study found an increased risk for glaucoma
among patients who had taken glucocorticoids
within 2 weeks, but not for those who had
previously taken glucocorticoids.1 The risk for
glaucoma increased over time and for all doses of
Please note that bone health and gastrointestinal and endocrino-

logic side effects of glucocorticoid were discussed in the first

two installments of this Continuing Medical Education feature

in the January 2017 issue of the JAAD.
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Table I. Ocular side effects

Ask about history of cataracts and glaucoma
Consider referral for baseline ophthalmology examination
Follow-up ophthalmologic examination as needed (check
intraocular pressure after about 3 months of systemic
steroids)
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glucocorticoids; however, doses of hydrocortisone
[40mg per day (prednisone 10mg equivalent) were
associated with an almost 2-fold increased risk for
glaucoma.1

Importantly, patients may not be aware of early
visual loss. The increase in intraocular pressure is
painless, but it can lead to permanent optic nerve
damage. Discontinuation of glucocorticoid therapy
leads to reversal of intraocular hypertension within
2 weeks, at which time pressures appear to
normalize.1

Increased risk for posterior subcapsular cataracts
can also be associated with long-term glucocorticoid
use.3 In 1 study, 39% of patients with rheumatoid
arthritis developed cataracts, but only at prednisone
doses of[10 mg per day for $1 year.4 In a study of
230 patients with systemic lupus who were taking
prednisone for 5 years, only 6 developed cataracts at
doses ranging from 8 to 30 mg prednisone per day.5

Another study of lupus patients found that
cumulative prednisone dose was significantly
associated with increased risk for cataracts at a
reference dose of 10 mg per day for 10 years.6

This side effect is more likely to occur at
higher glucocorticoid doses, but as with other
steroid-related complications, even doses #5 mg
prednisone per day have been linked to cataract
formation.2 Therefore, there may be no safe dose at
which clinicians can disregard this complication
completely.3,7 Other side effects, such as
exophthalmos and chorioretinopathy, rarely occur.

Management. Clinicians should inquire about
personal and family history of glaucoma or cataracts
before starting glucocorticoid therapy. All patients
for whom long-term glucocorticoid therapy at any
dose is planned should have a baseline ophthal-
mology evaluation, with additional management and
regular follow-up based on findings at the initial visit,
the underlying disease, comorbidities, and anti-
cipated steroid course (Table I). In the event an
ophthalmologic examination cannot be performed
in a timely fashion before beginning glucocorticoid
therapy, patients can be referred after therapy has
started. Given the risk of diabetic retinopathy with
poor glucose control and the association of
glucocorticoid use with diabetes, adequate diabetes
management is also important to mitigate ocular
complications of corticosteroids.

CARDIOVASCULAR/HYPERTENSION/
LIPIDS
Key point
d Glucocorticoid therapy may increase the
risk of cardiovascular disease, as may the
patient’s underlying inflammatory condition
Cardiovascular
Glucocorticoids may increase the risk of

cardiovascular disease. One large case-control study
found a dose-response relationship between daily
glucocorticoid dose and the risk of heart failure
among current users of glucocorticoids, including
patients with rheumatoid arthritis, chronic obstruc-
tive pulmonary disease, and other conditions. The
risk of ischemic heart disease was also increased, but
there was not an association with cerebrovascular
disease.8 In a large, population-based study, patients
taking $7.5 mg of prednisone per day or the
equivalent had a significantly higher composite risk
of myocardial infarction, angina, coronary revascu-
larization, hospitalization for heart failure, transient
ischemic attack, and stroke.9 Patients taking gluco-
corticoids within the preceding 6 months were at
increased risk. Continuous use (#180 days between
prescriptions) was also associated with higher
risk compared to intermittent use.9 Patients with
iatrogenic Cushing syndrome have a higher hazard
ratio of developing a cardiovascular event and a
higher risk of coronary heart disease and cardiac
insufficiency.10

The association between cardiovascular disease
and glucocorticoid use is confounded by the under-
lying inflammatory condition, which may increase
the incidence of cardiovascular disease because of
chronic inflammation and the need for higher doses
of glucocorticoids. For example, increased mortality
from heart disease has been noted among patients
with inflammatory arthritis; however, many patients
have been treated with high-dose steroids.9

Pulse glucocorticoids, defined as high-dose
glucocorticoids delivered over a short period of
time, are used to treat severe inflammatory disorders
and are also associated with cardiovascular disease.
Sudden death caused by pulse dose glucocorticoids
has been reported, usually if given over \2 hours,
but this tends to occur in patients with underlying
cardiac disease or in patients receiving steroids for
nondermatologic conditions.11 Continuous cardiac
monitoring should be considered in patients with
severe cardiac or kidney disease who are receiving
pulse dose glucocorticoids.11 Patients treated for
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dermatologic conditions with widespread cutaneous
erosions may benefit from continuous monitoring
during pulse therapy because of the potential for
electrolyte shifts resulting from loss of skin
integrity.11

Hypertension and hyperlipidemia
The mechanism behind glucocorticoid-induced

hypertension remains unclear. Increasing evidence
supports the notion that activation of mineralocorti-
coid receptors may not be the primary mechanism.
Vascular tone and possibly centrally mediated
mechanisms may also play a role.12

Glucocorticoid use may result in hyperlipidemia,
but the literature is inconsistent.13 After renal
and cardiac transplantation, tapering of steroids
mirrors a decrease in cholesterol level.14 For
patients with inflammatory disorders, however,
some studies suggest an improved atherogenic
profile in corticosteroid-treated patients paralleling
decreased disease activity.

Management. Cardiovascular risk factors should
be aggressively managed in all patients who are
taking glucocorticoids. All should receive lifestyle
counseling; hypertension and hyperlipidemia
should be treated according to current guidelines.
Antihypertensive drugs that target vascular
resistance may be beneficial.15 Thiazide diuretics
may ameliorate hypertension and may also lower
osteoporosis risk by decreasing calcium excretion.
However, thiazide diuretics can also cause
hyperglycemia, among other side effects. There are
no current guidelines for lipid monitoring in patients
taking glucocorticoids. Evidence-based recommen-
dations support baseline lipid screening; recommen-
dations for repeat evaluation are less well established
outside of transplant recipients. Frequency will vary
based on the initial lipid profile, comorbidities,
underlying disease state, dose, and duration of
glucocorticoid exposure. In the absence of
established guidelines, we suggest checking bian-
nual lipid profiles in patients taking glucocorticoids
chronically unless there is an indication for more
frequent monitoring. Lipid-lowering medications
should be prescribed in conjunction with a patient’s
primary care doctor.

MYOPATHY
Key points
d The diagnosis of steroid myopathy is a
clinical diagnosis based on characteristic
symptoms without a more likely alternative
diagnosis

d Higher doses of steroids for longer periods
of time increase the risk
d Clinicians may need to taper glucocorticoid
therapy to diagnose steroid myopathy
definitively

Presentation
Glucocorticoid-induced myopathy presents with

painless muscle weakness, followed by atrophy,
starting in the proximal lower extremities and
spreading to the proximal upper extremities and
distal sites.16 Patients may complain of progressive
difficulty standing from a seated position, climbing
stairs, and performing overhead activities.17

Mechanism
Awide body of literature exists on the mechanism

of glucocorticoid-induced myopathy. In brief, the
effect of glucocorticoids on muscle is thought to be
both catabolic and antianabolic, causing atrophy of
type II muscle fibers through muscle proteolysis and
decreased muscle protein synthesis.18

Risk factors
The risk of developing steroid myopathy appears

to increase with greater steroid dose and dura-
tion,19,20 but wide variation is reported. In 1 study,
prednisone doses of [40 mg per day significantly
increased the risk.21 Fluorinated synthetic steroids,
such as dexamethasone, are associatedwith a greater
risk of steroid myopathy than nonfluorinated
steroids, such as prednisone and prednisolone.17

The risk of steroid myopathy may be minimized with
alternate day dosing.21

Workup
The diagnosis of steroid myopathy is a clinical

diagnosis. Creatinine kinase levels are normal, which
helps distinguish steroid myopathy from underlying
inflammatory muscle disease. Electromyography is
typically unremarkable, with only mild changes in
some individuals.17 Serum markers, such as lactate
dehydrogenase and aspartate aminotransferase, are
also normal. The clinical utility of creatinuria,
suggested in some studies as a marker for steroid
myopathy, has been called into question.21,22

Therefore, one must have a high index of suspicion
for steroid myopathy in patients who experience
weakness after the onset of glucocorticoid therapy or
an increase in glucocorticoid dose. This possibility
can be a source of confusion in patients receiving
glucocorticoids for dermatomyositis and those
taking steroids along with hydroxychloroquine,
which can also cause myopathy.

Management. When steroid myopathy is sus-
pected, glucocorticoids should be tapered safely,
monitoring for a flare of the underlying inflammatory



Table II. Mood and cognitive effects

General recommendations before initiating glucocorticoid
therapy

Ask about history of neuropsychiatric disease, paying
special attention to any tendency toward self-harm

Consider ongoing mental health screening while taking
glucocorticoids

Advise family members to contact clinicians with
concern of any change in behavior

Insomnia
Dose glucocorticoids in the morning only, taper dose if
possible

Consider low-dose sleep aid, depending on clinical
situation

Depression/steroid mania/suicidality
Comanage patient with psychiatrist or primary care
physician

Attempt glucocorticoid dose reduction, if possible
Monitor patients closely; urgent inpatient admission for
suicidality or severe symptoms
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condition and remaining vigilant for signs of
adrenal insufficiency. Improved strength within 3
to 4 weeks helps establish the diagnosis of
glucocorticoid myopathy.16 Various medications,
including creatine, androgens, potassium, and vita-
mins have been investigated for use in steroid
myopathy; however, more research is needed before
they can be recommended.17,18 Clinicians may
consider switching to nonfluorinated steroids, such
as prednisolone or hydrocortisone. Referral to a
physical therapist may be warranted.

MOOD AND COGNITIVE EFFECTS
Key points
d Glucocorticoids are associated with a range
of psychiatric side effects that appear to be
dose-dependent

d Clinicians should ask about a history of
psychiatric disorders and comanage patients
with a psychiatrist when appropriate

General psychiatric symptoms
Glucocorticoids are associated with mood disor-

ders, anxiety, depression, panic disorder, psychosis,
delirium, confusion, and suicide, and they can
produce cognitive deficits, especially related to
memory.23,24 These side effects appear to be
dose-dependent. Reports suggest that the
majority of patients taking moderate- to high-dose
glucocorticoids ([10 mg/day, but more often
[20 mg/day) will experience some degree of
behavioral symptoms.25 Short-term therapy, as for
asthma exacerbation, may lead to hypomania.
Euphoria or psychosis is more common with high
doses. Depressive symptoms can occur with
long-term therapy.25,26 Previous neuropsychiatric
disorders and larger daily doses of glucocorticoids
are associated with a greater risk of these side
effects.24

Steroid psychosis
Steroid psychosis is a more serious complication

that is marked by a range of symptoms, including
psychosis, dementia, delirium, depression, and
suicidality.27 Doses\40 mg per day are unlikely to
provoke severe psychiatric illness; however, doses
[80 mg per day are significantly associated with
these effects.28 Onset of symptoms may occur within
a few days to a few weeks of initiating therapy.27

Symptoms may also arise during glucocorticoid
taper.29

Age and sex
In a large epidemiologic study involving[300,000

primary care patients exposed to glucocorticoids, age
and sex were risk factors for specific behavioral side
effects. Women were more likely to develop
depression, whereas men were more likely to
develop mania.24 The risk of depression, mania,
delirium, confusion, and disorientation increases
with age, but the opposite is true of suicidal behavior
and panic disorder.24 The incidence of neuropsychi-
atric events is highest in the first 3 months of therapy.

Management. Patients and their friends and
family members should be cautioned about the
potential for mood swings, insomnia, emotional
lability, rapid speech, increased energy, and related
symptoms (Table II). All patients, especially younger
ones, should be asked about any history of
neuropsychiatric disorders or suicidality before
glucocorticoid initiation and during therapy.
Clinicians should clearly ask about a history of
self-harm and any thoughts or plans for self-harm.
Those with histories as noted should be referred to
primary care physicians or psychiatrists. Hospital
admission should be considered if concern for
suicidal thoughts or plans arises.

When patients experience psychiatric side effects,
they should be referred promptly to a primary care
provider or psychiatrist. Psychiatric symptoms may
interfere with treatment of the underlying condition.
Those experiencing sleep impairment should take
glucocorticoids early in the day rather than in
the evening. Dose reduction or tapering and
discontinuation of steroids is advised if significant
symptoms occur. When that cannot be accomplished
because of the underlying condition, anxiolytics and
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antidepressants may be prescribed. Expert assistance
from mental health professionals is advised for
patients who develop psychiatric side effects of
glucocorticoid therapy, especially when complica-
tions are severe or glucocorticoid regimens cannot
be tapered.

SPECIAL CONSIDERATIONS IN THE
PEDIATRIC PATIENT
Key points
d There is significant overlap in the glucocor-
ticoid complications seen in adult and
pediatric populations

d Certain complications, such as cataracts,
bone health, and growth suppression,
impact the pediatric population more
uniquely

Cataracts
Children taking glucocorticoids may be more

susceptible to developing cataracts compared to
adults.30 As such, they may require additional
ophthalmologic screening. Physicians should take a
careful family history of eye disease when initiating
glucocorticoids in pediatric patients and refer them
for baseline ophthalmologic examination. Children
who experience delayed bone age and growth
suppression from steroids are at increased risk of
developing cataracts.30

Growth suppression
Glucocorticoid therapy has repeatedly been

shown to result in growth suppression among
pediatric populations.31-36 There are multiple
mechanisms underlying this complication.
Glucocorticoids inhibit bone formation, increase
calcium excretion, promote bone resorption, and
interfere with nitrogen and mineral balance.35 In
addition, glucocorticoids interfere with growth
hormone secretion, growth hormone receptor
expression, and growth hormone effect on target
tissue.35 Aside from growth suppression, pediatric
bone health may be impacted by osteopenia, which
can occur in children on glucocorticoids because of
high bone turnover.37

Growth suppression is correlated with daily dose,
duration, route of administration, and type of
glucocorticoid prescribed.33,35 Glucocorticoid expo-
sure is highly correlated with reduction in growth
velocity. Glucocorticoids with high systemic expo-
sure, such as oral prednisolone, cause greater growth
suppression than those without significant systemic
exposure, such as intranasal fluticasone proprio-
nate.34 The type of glucocorticoid also influences
growth suppression because of differences in
half-life.35,36 For example, prednisone, which has a
longer half-life than hydrocortisone, carries a greater
risk of growth suppression.35 Glucocorticoids dosed
at physiologic levels (according to some authors,
hydrocortisone 12-15 mg/m2/day and others
hydrocortisone as low as 6 mg/m2/day) and
alternate-day therapy have been implicated in
growth suppression, although the risk appears to
be lower.31,33,35,38 Children who experience growth
suppression from glucocorticoid use may not catch
up in height even after glucocorticoids are
stopped.33,35,36 Physicians must therefore attempt
to wean glucocorticoids as soon as possible in
pediatric patients and refer patients to a primary
care provider for routine height measurement.
Referral to a pediatric endocrinologist for assistance
with management is highly recommended for any
patient who requires ongoing or repeated doses of
glucocorticoids for disease management.

Diabetes
Physicians must also pay close attention to

hyperglycemia and diabetes in pediatric patients
who are taking glucocorticoids. These patients can
develop medication-induced diabetes without
having the same risk factors as children who develop
type 2 diabetes. A retrospective study of risk factors
for medication-induced diabetes among pediatric
patients found that traditional risk factors, such as
family history, race, obesity, and acanthosis nigri-
cans, were less often present in medication-induced
diabetes than in children with type 2 diabetes.39

Physicians prescribing glucocorticoids to pediatric
populations may therefore need to have a lower
threshold to begin testing for and treating this
complication.

Adrenal suppression
Pediatric patients are also at risk for adrenal

suppression. As in adults, the dose and duration of
glucocorticoid therapy correlate with risk. A review
of 59 pediatric patients with inflammatory bowel
disease who were taking prednisolone at a median
dose of 5 mg daily for 4.7 months found that 20% had
adrenal suppression; the rate was higher in patients
treated with higher doses and for longer duration.40

A recent Cochrane review of the hypothalamic-
pituitary axis function after glucocorticoid therapy
for childhood acute lymphoblastic leukemia found
that adrenal insufficiency commonly occurred after
cessation of glucocorticoid therapy.41 It is recom-
mended that children on supraphysiologic doses of
glucocorticoids for [2 weeks be considered at
increased risk of adrenal suppression.42 These
patients should be weaned to doses that are less
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than physiologic as soon as the underlying condition
allows, or they can be considered for every other day
dosing of glucocorticoids. Repeated short (\7-day)
courses of oral steroids may also result in evidence of
adrenal suppression by adrenocorticotropic testing,
but it is unclear if this is clinically relevant.43-45

In conclusion, side effects of glucocorticoid
therapy are a significant source of morbidity and
mortality. Managing these side effects requires
concerted counseling, prophylaxis, and medication
management. The evidence summarized here and in
the accompanying tables is provided to help
clinicians avoid and ameliorate these complications.
Table I in the first article in this series is provided as a
quick reference to the main points of discussion.
Patients require careful instruction in order to
anticipate these effects and alert clinicians to
symptoms that may be vague and nonspecific. In
this way, clinicians and patients can work together to
limit the unintended harmful effects of glucocorti-
coids while seeking to maximize their therapeutic
potential.
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