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Abstract: Effective multidisciplinary pain management involves an in-depth knowledge not
only of diagnosis and treatment but of how interventional procedures affect patients across
all health domains. One of the most common pharmacological tools utilized in patients
suffering from chronic pain disorders is corticosteroids. Corticosteroids are leveraged for
their anti-inflammatory properties across a wide range of disorders. This review examines
the role of corticosteroids and pain management with a specific focus on their metabolic
impact regarding glucose metabolism. Corticosteroids have been shown to increase glu-
coneogenesis, resulting in reduced insulin sensitivity and an impaired peripheral glucose
uptake. These varied responses to corticosteroids are especially concerning given the high
prevalence of diabetes mellitus in chronic pain patients. There is well-documented evidence
of not only transient hyperglycemia but emerging literature on prolonged glycemic distur-
bances that may have a greater effect on patients than previously recognized. A review of
the available literature reveals variations in hyperglycemia depending on corticosteroid
type, dose, and various patient-specific factors. Some research does suggest that lower
corticosteroid dosages can provide similar therapeutic benefits and potentially reduce
glycemic aberrations. Given the current evidence, clinicians should closely monitor pa-
tients’ hemoglobin A1C levels when determining the risks and benefits of an interventional
procedure and consider alternative pain management strategies when appropriate. Future
research should focus on optimizing corticosteroid selection and dosing to balance the
safety, particularly in diabetic or prediabetic patient populations.

Keywords: pain management; corticosteroid injections; musculoskeletal medicine; chronic
pain; hyperglycemia

1. Introduction
Effectively treating patients’ pain is required to improve their overall quality of life as

well as enable them to perform general activities of daily living (ADLs). Pain management
strategies traditionally include a multimodal approach, including physical therapies, medi-
cation management, psychological interventions, and even medical or surgical procedures
for refractory cases [1,2]. Among the pharmacological options, corticosteroids have been
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shown to be an effective option for managing pain associated with inflammatory condi-
tions. These drugs mimic the hormone cortisol, which has potent anti-inflammatory and
immunosuppressive properties that can control pain in various conditions. Corticosteroids
are generally indicated in the management of several conditions, including osteoarthritis
(OA), rheumatoid arthritis (RA), radiculopathy, tendinitis, bursitis, and other inflammatory
joint diseases, and can be especially useful when nonsteroidal anti-inflammatory drugs
(NSAIDs) and other conservative treatments have failed [2,3].

Corticosteroids can be administered using various routes, including oral, intravenous,
and intra-articular injections, based on individual patient needs [4,5]. Peripheral joint
injections are one of the most common uses of corticosteroids in treating pain [6]. Corti-
costeroids are directly injected into an inflamed joint or surrounding tissue, which allows
for high concentrations of the medication to be delivered more accurately to the site of
pathology or pain [3,7,8]. This method maximizes therapeutic efficacy while minimizing
the systemic side effects associated with steroids [9]. The most common injection sites
include the knee, shoulder, hip, and elbow, as they are the most common areas of mus-
culoskeletal inflammation and pain. These injections can provide long-lasting relief for
patients, improve mobility, and reduce the need for oral medications [10].

Despite their beneficial therapeutic effects, corticosteroids also have significant
metabolic side effects, especially in regard to glucose metabolism. Corticosteroids can
raise blood sugar levels, which can be a problematic side effect for diabetic patients, whose
condition is characterized by chronic hyperglycemia due to defects in insulin production or
secretion [9,10]. As a result, these patients already have a dysregulated glucose metabolism
and are prone to more glucose fluctuations. The use of corticosteroids in this patient popu-
lation can exacerbate this problem, potentially leading to uncontrolled hyperglycemia and
an increased risk of complications [11]. This paper summarizes the evidence to provide an
overview of the role of corticosteroids in pain management, with a particular focus on their
effects on blood glucose levels in patients.

2. Types of Corticosteroids and Their Clinical Applications
Corticosteroids are classified into three major groups: mineralocorticoids, glucocorti-

coids, and adrenal androgens. The majority of clinically therapeutic injectable solutions
will utilize medications in the glucocorticoid class. The three glucocorticoids described
below share a common mechanism of action; they bind to and activate a type of nuclear
receptor aptly named the glucocorticoid receptor. Once bound to the receptor, glucocor-
ticoids lead to the production of lipocortin (annexin-1), which then inhibits PLA2 and
COX-1/COX-2, which decreases the overall production of leukotrienes, prostaglandins,
and platelet-activating factors. The indirect effect on leukocytes involved in inflammatory
events is to impair their epithelial adhesion and chemotaxis. This cascade also decreases
the recruitment of more immune classes, such as macrophages, for phagocytosis to the area
in question [8,12]. These varied effects on immune cells creates a potent anti-inflammatory
effect via suppression of pro-inflammatory cytokine production, including interleukin-1,
tumor necrosis factor, and others. This downregulation of cytokine secretion by immune
cells further reduces immune cell activation. This multi-tiered mechanism of altered phys-
iology results in decreased inflammation and reduced pain [13]. A potential pitfall of
glucocorticoid utilization is the unwanted immunosuppressive results of these desired
anti-inflammatory and pain-relieving effects. There are other proposed mechanisms of
action that are believed to potentiate the therapeutic effects of corticosteroids, including
modulation of peripheral nociceptive neurons and spinal cord dorsal horn cells; overall,
these medications have a direct stabilizing effect on neural membranes as well [12].
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While glucocorticoids act primarily on the glucocorticoid receptor, they also do have
variable activity on nearby mineralocorticoid receptors due to their structural similarity.
Mineralocorticoids, such as aldosterone, are important in the regulation of electrolytes such
as sodium and potassium, which can result in disruption of major chemical processes and
fluid shifts. Aldosterone affects various systems in the body, notably via blood pressure
changes [14–16]. Corticosteroid medications vary in their degree of mineralocorticoid
receptor activity due to their preference for mineralocorticoid receptors or glucocorticoid
receptors [17]. Medications such as hydrocortisone and cortisone have significant miner-
alocorticoid activity, which makes them less ideal to use for anti-inflammatory benefits
and more preferential to use in cases of adrenal insufficiency, as they mimic the effects of
aldosterone [17]. Meanwhile, steroids such as methylprednisolone and dexamethasone
have very minimal mineralocorticoid receptor activity due to preference for glucocorticoid
receptors [17,18]. Medications such as prednisone and prednisolone have high glucocor-
ticoid activity and low mineralocorticoid activity, which makes them excellent choices
to use to combat systemic inflammation. Systemic steroids can impact mineralocorticoid
receptor signaling indirectly by oversaturating the 11β-hydroxysteroid dehydrogenase
enzyme that works to prevent glucocorticoid effects on cells [19]. This enzyme is located in
large quantities in organs such as the kidneys and pancreas and absent in others, namely
the heart and central nervous system, which can contribute to steroid side effects such as
elevated blood pressure and insomnia [20].

Different corticosteroids are commonly utilized for pain management, often given as
an injection. Triamcinolone and methylprednisolone (MP), for example, are widely reported
in the literature as the primary corticosteroids used for musculoskeletal peripheral injec-
tions [21–23]. One study comparing triamcinolone and betamethasone found triamcinolone
to provide a more sustained therapeutic effect [24]. Similarly, a study assessing their use in
knee osteoarthritis (OA) showed that while both provided temporary symptomatic relief,
triamcinolone was more effective at three weeks, whereas methylprednisolone retained
efficacy further out to 8 weeks [25]. Another study evaluating intra-articular triamcinolone
versus methylprednisolone found them both to provide pain reduction and improved func-
tion with a comparable duration of efficacy [21]. Despite methodological variations across
studies, the conclusion can be drawn that corticosteroids commonly used for peripheral
joint injections have shown comparable levels of efficacy. The solubility and composition
of corticosteroids also influence their potency, efficacy, and duration of action [26–29].

Factors such as potency, duration of action, steroid particulate size, and aggregate
potential are major determinants in the physician’s choice of corticosteroid. The potency of
glucocorticoids is assigned a numerical score, which indicates potency relative to that of cor-
tisol, which is given a score of “one”. There are a handful of glucocorticoid corticosteroids
that are commonly used therapeutically:

2.1. Prednisone

Prednisone is a widely used synthetic corticosteroid that is commonly prescribed for
a variety of inflammatory and autoimmune conditions [30]. Prednisone is considered an
intermediate-acting steroid with a duration of action of 24 to 36 h. Prednisone is an inactive
agent that is metabolized to the active agent prednisolone by the liver [9]. The typical
dosage of prednisone ranges from 5 to 60 mg per day, depending on the diagnosis and
severity of the condition. For chronic conditions like rheumatoid arthritis, a common dose
is 5–10 mg oral, daily. For acute flare-ups or severe inflammation, higher doses may be
prescribed, often starting at 40–60 mg oral per day and tapering as the patient responds to
treatment [30].
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2.2. Methylprednisolone

Methylprednisolone is another widely used corticosteroid that is available in oral
and injectable forms. Methylprednisolone has a relative glucocorticoid potency of 5. The
maximum particle size of methylprednisolone is quite large and is often greater than
500 µm. It does, however, have a smaller average particulate size (0.5–26 µm) compared to
triamcinolone (15–60 µm). This medication also has extensive particle aggregates, which
would increase the risk of use in spinal injections, secondary to unintended ischemic events
occurring with accidental intra-arterial injection. Oral therapy doses typically range from
4 mg to 48 mg per day. In severe cases, intravenous administration is required, with doses
ranging from 40 mg to 120 mg per day [13,26,31]. Methylprednisolone’s mechanism of
action is similar to other corticosteroids. Methylprednisolone, however, is also believed
to be able to more significantly suppress the migration of immune cells to the site of
inflammation, which further reduces the inflammatory response [13,31].

2.3. Triamcinolone

Triamcinolone is one of the most commonly used synthetic corticosteroids for periph-
eral joint injections. A microcrystalline corticosteroid with low solubility, it exhibits greater
anti-inflammatory potency and a prolonged therapeutic effect due to its remaining at the
injection site longer [26]. Triamcinolone is considered an intermediate-acting steroid with
a duration of action of roughly 24 to 36 h, and has a relative glucocorticoid potency of
five. It is a large particulate steroid with a maximum particle size greater than 500 µm.
Triamcinolone experiences extensive particle aggregation, which, when combined with the
large particulate size and solubility, can increase its duration of action in the peripheral
joints but pose a significant amount of risk for spinal use. Physicians utilize a wide range
of dosages for triamcinolone, ranging between 5 mg and 80 mg per joint [9].

2.4. Dexamethasone

Dexamethasone is a potent, long-acting steroid with a duration of action longer than
48 h. It is more potent than the above medications and has a relative glucocorticoid potency
of 27. Dexamethasone is regarded as a “non-particulate” steroid, as its maximum particle
size is 0.5 um. Dexamethasone possesses the lowest density of the glucocorticoids and a
minimal tendency to aggregate. Its high solubility contributes to a more rapid onset of
action and relatively greater potency; however, this also results in a shorter duration of
effect [13,29]. In clinical practice, it is often preferred for conditions that require strong
immunosuppressive effects [31]. It is also used in cancer treatments to manage the side
effects of chemotherapy. The typical dosage for dexamethasone ranges from 0.5 mg to
10 mg, depending on the severity of the condition. Dexamethasone can also be given in
peripheral joint injections using 5–20 mg. Of note, this agent is a common choice for spinal
injections, as any inadvertent intra-arterial injection of dexamethasone will not cause any
downstream arterial occlusions thanks to its very small particle size.

2.5. Corticosteroids and Glucose Metabolism

Corticosteroids, in particular glucocorticoids, affect glucose metabolism through mul-
tiple routes. Glucocorticoids can influence acute alterations in glucose homeostasis as well
as affect long-term metabolic mechanisms. Short-term effects on blood glucose are mainly
mediated through three physiological aberrations: increased gluconeogenesis, develop-
ment of insulin resistance, and reduced peripheral glucose uptake, as well as suppression
of pancreatic function. Glucocorticoid corticosteroids upregulate hepatic gluconeogene-
sis pathways, resulting in hyperglycemia; this is mediated through the upregulation of
key gluconeogenic enzymes, including phosphoenolpyruvate carboxykinase (PCK) and
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glucose-6-phosphatase. These two enzymes have been shown to be critical in gluconeo-
genesis, especially in the liver and kidney. Overactivation of these key enzymes leads
directly to increased release of endogenous glucose into the circulation, resulting in hyper-
glycemia [32].

Glucocorticoids can also lead to the induction of peripheral insulin resistance. This
is theorized to be due to the corticosteroid-induced changes in the expression of genes
involved in glucose metabolism, namely those encoding glucose transporters as well as
enzymes involved in gluconeogenesis. Namely, the downregulation of glucose transporter
type 4 interferes with insulin receptor signaling cascades. The effect of this is to decrease
the glucose uptake by skeletal muscle and adipose tissue, causing high circulating levels of
glucose and hyperglycemia [11,30,33]. This issue can be magnified in the setting of insulin
resistance, as is commonly seen in diabetic patients [34,35].

Furthermore, glucocorticoids have been shown to suppress pancreatic beta cell func-
tion, which results in a decrease in insulin secretion. Different glucocorticoids have the
ability to inhibit L-type voltage-gated calcium channels found in the cell membranes of
several cell populations, including the beta cells of the pancreas. Reduced calcium influx
across the cell membrane of the beta cells prevents the accumulation of a sufficient calcium
ion gradient required to trigger insulin exocytosis. This reduction in insulin secretion,
combined with insulin resistance and increased glucose production, can result in significant
corticosteroid-induced hyperglycemia in patients with diabetes [34,36]. These fluctuations
may last several days, even after the steroids have been discontinued [37].

Prolonged or repeated exposure to corticosteroids can have more serious effects on
glucose metabolism, which can range from acute fluctuations to persistent abnormalities.
Persistent hyperglycemia is often reflected by an increase in patients’ Hemoglobin A1C
(HbA1C) levels, as this blood assay represents a measure of average blood glucose levels
over several months. In non-diabetic patients, long-term exposure to corticosteroids can
increase their risk of developing steroid-induced diabetes [38]. This is believed to occur due
to a multitude of factors. As discussed, patients can experience sustained decreased levels
of insulin due to repeated suppression of pancreatic beta cells. This prolonged suppression
of beta cells has been shown to lead to apoptosis of these cells and permanent loss of
function. Patients also experience altered adipokine profiles. Changes to adipose tissue
function and hormone secretion cause metabolic dysregulation. Increased gluconeogenesis
through the previously described PCK and G6P enzymatic upregulation pathways becomes
all the more impactful as glucose newly released into the serum is no longer being removed
and stored at a great enough rate. In addition to uptrending HbA1C levels, patients can
experience other metabolic changes as well, most commonly weight gain, dyslipidemia,
and abdominal fat accumulation, which can further exacerbate insulin resistance [35,38].

3. Potential Local and Systemic Side Effects of Corticosteroids
Corticosteroid injections are commonly used for conditions like osteoarthritis,

tendinopathy, and bursitis. Although they provide short-term pain relief, these injec-
tions carry potential risks, which are categorized as local and systemic and may occur either
immediately (within 48 h) or delayed (after 48 h). These side effects particularly affect the
endocrine system [39–41]. Available literature indicates that immediate side effects include
both adrenal suppression and transient increases in blood sugar levels [39,42–44]. Of note,
clinicians should be aware that localized adverse effects, including skin hypopigmentation
and subcutaneous fat atrophy, have also been reported.
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3.1. Effects on Blood Glucose

Transient corticosteroid-induced hyperglycemia can affect both diabetic and non-
diabetic patients [39]. While serum corticosteroid levels peak within around 22–24 h,
as seen in two studies of interlaminar epidural triamcinolone injection [45,46]. These
hyperglycemic effects can potentially last longer than one week [39]. Unsurprisingly,
these effects were found to be more pronounced in diabetic patients, with hyperglycemic
effects lasting for several days to weeks [39]. Additional delayed side effects following the
intraarticular administration of corticosteroids included increases in blood glucose levels
that often peak 1 to 3 days after injections [47]. This can lead to hyperglycemic episodes or,
even in extreme cases, ketoacidosis in patients with diabetes. These complications could
potentially evolve into a life-threatening emergency. Hao et al. [43] examined patients
receiving a single epidural injection of methylprednisolone at doses of 10 mg, 20 mg, and
40 mg. There was a statistical significance between serum cortisol and fasting plasma
glucose between the 10 mg group and 40 mg group, suggesting a dose-dependent increase
in blood glucose.

The studies note that it is recommended for patients with diabetes to monitor glucose
levels closely following any such injections and that corticosteroid injections should be
avoided in those poorly controlled (i.e., fasting glucose > 200–250) [40]. One retrospective
study found that patients with a pre-procedural HbA1C greater than 7% who were also on
insulin showed the greatest increase in post-procedural blood glucose levels [43]. Interest-
ingly, higher hemoglobin HbA1C levels prior to injection were also associated with greater
blood glucose derangements after injection, while the specific steroid used did not seem
to have any bearing [43]. In one large retrospective cohort study reviewing 1169 diabetic
patients receiving intra-articular corticosteroid injections, the only factor associated with
a greater than expected increase in post-injection HbA1C was a baseline HbA1C over
8.0% [48].

3.2. Effects on Endogenous Cortisol

The risk of prolonged adrenal insufficiency is one of the delayed side effects of repeated
corticosteroid injections that can impact glycemic control [49]. Corticosteroid absorption
into the bloodstream following intra-articular injection can suppress the hypothalamic–
pituitary axis, leading to decreased cortisol production, which can last for at least one-week
post-injection. Multiple injections may increase the likelihood of systemic absorption [40,42].
In one study, patients treated with epidural injection of methylprednisolone showed resid-
ual HPA dysfunction, measured as decreased serum cortisol, in 43% of participants at week
two, with all participants normalizing by week four [42]. Another work found that patients
who received an epidural injection of corticosteroid plus lidocaine had significantly lower
cortisol levels at the 3-week follow-up compared to those who received only lidocaine [30].
Beyond potency, the specific type or dose of corticosteroid used may have a bearing on
how severe the expected cortisol suppression might be following corticosteroid injection,
which may be attributable to differences in water solubilities [50]. These effects were more
pronounced in diabetic patients but were not statistically significant.

Although there is no formal guidance on the frequency or maximum lifetime use of
corticosteroid injections, radiologists and clinicians should ensure that patients are properly
informed about the risks and the importance of monitoring for both local and systemic
complications [40]. In one RCT, 84 patients with symptomatic knee osteoarthritis were
treated with either 10 mg or 40 mg intra-articular triamcinolone. Interestingly, the study
revealed little difference from baseline in pain visual analog scale at 12 weeks between
the two doses, with the 10 mg dose deemed noninferior to the 40 mg dose [51]. A similar
study looking at different doses of triamcinolone for intra-articular glenohumeral joint



Medicina 2025, 61, 936 7 of 12

injections revealed no significant differences in Shoulder Pain and Disability Index (SPADI)
at 6 months between 20 mg, 40 mg, or 80 mg of triamcinolone [52]. A similar evaluation
of patients receiving lumbar interlaminar epidural injections showed similar pain relief
at one month between those receiving 5mg dexamethasone vs. those receiving 10 mg
dexamethasone [53]. Many other similar studies not included here highlight the growing
awareness amongst the interventional community that using lower doses of corticosteroids
for various interventions may offer similar therapeutic benefits while minimizing the
deleterious effects outlined in this review. This is likely another avenue that might help
guide safer care, particularly for diabetic patients in need of focused intervention.

4. Discussion
Corticosteroids are known to significantly impact blood glucose levels through several

mechanisms [54,55]. Primarily, they promote gluconeogenesis, a metabolic pathway that
results in the generation of glucose from non-carbohydrate substrates in the liver. This
process is upregulated by corticosteroids, leading to increased glucose production and
subsequent hyperglycemia. Additionally, corticosteroids reduce insulin sensitivity by im-
pairing the action of insulin in peripheral tissues, particularly in muscle and adipose tissue.
This impairment results in decreased glucose uptake and utilization, further contributing
to elevated blood glucose levels [56–58].

The review of current literature shows a clear clinical connection between intra-
articular corticosteroid injections and glucose levels, suggesting a likely impact on blood
glucose levels following the administration of corticosteroids in any patient [59–62]. Studies
indicate that this effect is likely more impactful in patients with poorly controlled diabetes
or existing reduced insulin sensitivity. There appears to be conflicting evidence about the
duration of impact the steroids have on glucose levels. Some studies show a return to
baseline glucose levels two days following the administration of steroids, whereas others
show a greater-than-expected increase in patients’ hemoglobin A1C months after injection.
It was consistently seen throughout the various studies reviewed here that a return to
baseline blood glucose was observed after a few months’ duration maximum.

The hyperglycemic effects of corticosteroids have profound clinical implications, par-
ticularly for patients with diabetes and less so for those patients at risk of developing the
condition. For diabetic patients, the use of corticosteroids can exacerbate existing hyper-
glycemia, making blood glucose management more challenging. This transient period
of uncontrolled blood sugar levels has a small chance of increasing the risk of diabetes-
related complications such as neuropathy, nephropathy, and retinopathy, but may be less
likely given the shorter duration of glucose fluctuations. The clinician should be aware,
though, that frequent and recurrent corticosteroid injections to the peripheral joints may
culminate in a lasting rise in glucose and increase the risk for end-organ damage related to
diabetes. For patients at risk of developing diabetes, prolonged or repeated exposure to
corticosteroids can also increase the likelihood of developing diabetes.

The clinical significance of these findings lies in the need for careful monitoring and
management of blood glucose levels in patients receiving corticosteroid therapy. For dia-
betic patients, this may involve more frequent blood glucose monitoring and adjustments
to their diabetes management plan to account for the hyperglycemic effects of corticos-
teroids. For patients at risk of developing diabetes, healthcare providers should consider
the potential for steroid-induced diabetes and monitor blood glucose levels accordingly.
Additionally, the findings underscore the importance of patient education, ensuring that
patients are aware of the potential side effects of corticosteroids and the need for regular
home blood glucose monitoring. In clinical practice, these insights can guide the develop-
ment of comprehensive pain management plans that balance the benefits of corticosteroid
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therapy with the need to maintain glycemic control. Given the enlightening results of non-
inferiority studies showing similar outcomes with lower injected steroid doses, the clinician
should consider decreasing the amount of steroid used for injections while still achieving
satisfactory patient outcomes. In addition, the effects on cortisol are poorly understood,
though prevalent. Patients with poorly controlled diabetes that are at a higher risk of A1C
derangement following injection should be considered for alternative therapies such as
hyaluronic acid, peripheral nerve stimulation, extended-release steroid formulations, nerve
blocks/ablations, bracing, and other management options.

A review of the existing literature provides many questions about the currently ac-
cepted approach to corticosteroid use in musculoskeletal and pain medicine. The tremen-
dous heterogeneity in the patient population, agents used, their formulation, the routes
of administration, and the various interventional targets preclude any definitive state-
ments at this time. The evaluation of true risk for blood glucose elevation would require
a large RTC controlling for specific patient populations, diagnoses, and with consistent
agent and dosing protocols, with longer-term follow-up. This type of large study could
potentially lead to better risk stratification or even a standardized scoring system to predict
patient “fitness” for corticosteroid injection while avoiding complications and unnecessary
burden and cost for patients and the hospital system. Furthermore, there are many unan-
swered questions about which factors might be predictive of said interventions causing
corticosteroid-induced diabetes mellitus.

Futuristically, extended-release formulations of conventional steroids are currently
approved for specific indications and, when studied, have been suggested not to cause
significant alterations in the HPA or blood glucose levels [63]. One such example is Zilretta
(triamcinolone acetonide extended-release injectable suspension), which is approved only
for intra-articular injection in the knee [64]. It is hypothesized that any similar formulation
could deliver the desired corticosteroid over a longer period at such a rate that it can alter
local pathology and provide relief without the systemic burden discussed at length above.
Further study is needed to evaluate these formulations’ safety and efficacy across a broader
swath of interventional options, but this approach might open an avenue to more mindful
and less deleterious interventional options, especially in diabetic patients.

It is also important to consider an approach for managing hyperglycemic episodes
that may occur secondary to corticosteroid injection. While the individual burden of
diabetes and subsequent response to corticosteroids varies, a clearly outlined approach to
these complications can be modified as needed. The American Academy of Orthopedic
Surgeons, American College of Sports Medicine, American Medical Society for Sports
Medicine, and the American Diabetes Association make no recommendations for managing
hyperglycemia in patients receiving steroid injections for musculoskeletal conditions [58].
Patients should be encouraged to consistently check their finger stick blood glucose at
home. Any persistent hyperglycemia (blood glucose above 180 mg/dL) should prompt
medical evaluation [65]. Close coordination with primary care or endocrinology may also
be helpful in preparing patients to better manage any transient increases in blood glucose
as well.

The clinical implications of these findings are profound. Transient hyperglycemia
can pose challenges in managing diabetes and may elevate the risk of complications such
as neuropathy, nephropathy, and retinopathy if glycemic control is not swiftly restored.
Furthermore, the potential development of diabetic ketoacidosis can be a life-threatening
complication. For non-diabetic patients, prolonged corticosteroid use may increase the
risk of developing steroid-induced diabetes, necessitating careful patient selection and
monitoring. Moreover, the systemic absorption of corticosteroids from intra-articular
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injections, though limited compared to oral or intravenous routes, still warrants caution,
particularly in high-risk populations.

5. Conclusions
Corticosteroids remain a cornerstone in the management of inflammatory and mus-

culoskeletal pain; however, their clinical utility is tempered by potential systemic side
effects, particularly the impact on glucose metabolism [47,58,66]. The evidence reviewed
highlights that corticosteroids can significantly elevate blood glucose levels through mech-
anisms such as enhanced gluconeogenesis, insulin resistance, and impaired glucose uptake.
These effects are particularly pronounced in diabetic patients, with poorly controlled di-
abetes serving as a major risk factor for substantial glucose derangements [4,67,68]. To
optimize patient outcomes, clinicians should adopt a tailored approach, emphasizing risk
stratification, judicious corticosteroid use, and close monitoring of glucose levels pre- and
post-injection [69]. The evaluation of diabetic patients in particular, prior to the clinical
application of glucocorticoids, should include a baseline hemoglobin, preferably from
within the preceding one to three months. The literature reviewed in this work suggests
that an HbA1C above 7–8% would suggest a higher likelihood of inducing post-injection
hyperglycemia, and such findings might warrant delaying intervention until the patient’s
blood glucose levels are better controlled [43,48]. Alternative therapies, as mentioned above,
should be considered for patients at high risk of glycemic complications. Primary care and
endocrinology should be involved to help manage at-risk patients. Additionally, emerging
evidence supporting the non-inferiority of lower corticosteroid doses for equivalent pain
relief underscores the potential adoption of corticosteroid-sparing strategies.

In conclusion, while corticosteroids are invaluable in pain management, their
metabolic effects necessitate a balanced approach that minimizes risks while maximiz-
ing therapeutic benefits. Educating patients and fostering collaborative management plans
are pivotal steps in achieving this balance and ensuring safe, effective care.
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