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 A B S T R A C T  

Systemic vasculitis is an autoimmune disorder characterized by inflammation and damage to blood vessels, often involving 
multiple organ systems. Glucocorticoids (GCs) are a cornerstone in managing vasculitis and other rheumatologic conditions 
due to their potent anti-inflammatory properties, but their use is associated with significant systemic side effects. This review 
evaluates the cardiovascular (CV) risks associated with glucocorticoid use, focusing on hypertension and atherosclerosis, and 
highlights strategies for minimizing these risks while managing systemic inflammation in vasculitis patients. Glucocorticoids, 
despite their efficacy in disease management, contribute to CV complications in a dose- and duration-dependent manner. 
Hypertension arises through mechanisms such as nitric oxide suppression, renin-angiotensin-aldosterone system activation, 
and vascular effects. Atherosclerosis is accelerated by endothelial dysfunction, oxidative stress, and inflammation, increasing 
risks for coronary artery disease and acute CV events. Daily doses exceeding 5 mg of prednisolone are linked to a marked 
rise in CV risks, even with short-term use. Moreover, systemic inflammation from vasculitis compounds these risks, making 
it challenging to disentangle GC side effects from the underlying disease pathology. Glucocorticoid therapy requires careful 
management, prioritizing the lowest effective dose and shortest duration possible. Routine CV risk assessments, blood 
pressure monitoring, and targeted interventions such as lifestyle modifications and pharmacologic therapies are crucial for 
mitigating adverse outcomes. Future studies should aim to define “safe” GC thresholds and refine treatment protocols to 
balance efficacy and safety in vasculitis management.
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Introduction

Systemic vasculitis is an autoimmune disorder 
that damages blood vessels of various sizes, 
affecting one or multiple organ systems [1]. These 
conditions can be categorized by vessel size and 
may arise as primary pathologies or secondary to 
connective tissue disorders or drug effects. Chronic 
inflammation from these disorders is also associated 
with myocardial ischemia and fibrosis and higher 
incidences of pericarditis and cardiomyopathies, 
which impair cardiac function and contribute to 
heart failure [2].

Glucocorticoids regulate physiological processes 
as critical modulators in energy metabolism, blood 
pressure (BP) regulation, mood, memory, and 
stress responses [3]. They are produced in the zona 
fasciculate of the adrenal cortex and released into 
the bloodstream. After their release, they trigger 
circadian and pulsatile effects throughout the body. 
Their secretion is regulated by adrenocorticotropic 
hormone (ACTH) through the hypothalamic-
pituitary-adrenal (HPA) axis [4].

https://orcid.org/0000-0001-6105-4692
https://orcid.org/0000-0002-4424-3704


Acta Medica 2024; 55(Supplement 1): 10-16

11

The physiological effects of endogenous 
glucocorticoids are well-documented. In 1929, 
Philip Hench and colleagues discovered their anti-
inflammatory properties [5]. Since then, exogenous 
steroids have been utilized in both endocrine and 
non-endocrine conditions [6]. Although they are 
used diagnostically for conditions like Cushing’s 
disease and adrenal insufficiency, their anti-
inflammatory properties are also applied in treating 
non-endocrine disorders such as asthma, chronic 
obstructive pulmonary disease (COPD), and chronic 
inflammatory bowel disease [7]. Due to their 
potent anti-inflammatory and immunosuppressive 
properties, glucocorticoids have become a mainstay 
in treating many rheumatologic conditions, such as 
vasculitis and rheumatoid arthritis [8].

The use of exogenous glucocorticoids entered 
therapeutic protocols in the late 1940s. Their 
potent effects and inadequate alternatives in 
treating rheumatologic diseases have resulted in 
widespread use. Their impact on disease control 
during acute flare-ups of vasculitis cannot be 
underestimated [9]. New-generation agents, 
while promising, have yet to demonstrate the 
same efficacy as glucocorticoids during acute 
exacerbations. Because of their systemic side effects, 
American and European Rheumatology societies 
advise using glucocorticoids as first-line therapy or 
as a bridging treatment until the effects of disease-
modifying antirheumatic drugs (DMARDs) or 
biological agents become evident [10]. If used, they 
should be given at the lowest effective dose until 
other therapies become effective. Subsequently, a 
tapering regimen is recommended to discontinue 
GC therapy [11]. Despite these recommendations, 
a study conducted between 2006 and 2019 
discovered that glucocorticoids were part of the 
initial treatment for 37.7% of patients diagnosed 
with from 0.5% to 1.8%, with the frequency of use 
increasing notably with age [12]. Glucocorticoids 
remain among the top 10 most prescribed 
medications in the United Kingdom [13,14].

Although glucocorticoids offer significant 
therapeutic benefits, they carry many side effects 
affecting multiple organ systems. Chronic use 
can lead to conditions such as osteoporosis, 
dysglycemia, cerebrovascular events, and infections 
[15,16]. Glucocorticoids are also known to increase 
CVD risk, particularly by precipitating hypertension, 
hyperlipidemia, and diabetes mellitus [17].

In earlier periods, it was believed that non-systemic 
applications might limit side effects. However, 
research has demonstrated that glucocorticoids 
produce similar systemic side effects regardless 
of the route of administration [16,18]. Aside 
from intravenous use, side effects are most 
commonly observed with oral and intra-articular 
administration [19]. Given the current therapeutic 
landscape, it is unlikely that glucocorticoids will be 
completely phased out from treating vasculitis and 
other rheumatologic disorders. Therefore, clinicians 
must be aware of the potential side effects, 
especially CV morbidity and mortality, to ensure 
early detection and primary prevention.

The CV risks and benefits associated with 
glucocorticoid use remain controversial, and the 
question of whether there is a safe and effective 
dose or duration of glucocorticoid therapy is still 
debated. It is generally believed that the risk of 
CVD may be minimized with low doses and short 
durations of use. However, some research indicates 
that even a single dose or short-term treatment 
(66-72 hours) can have systemic side effects. For 
instance, the use of 20 mg for four days may induce 
hypertension [17].

Glucocorticoids have been associated with an 
increased risk of all-cause-of mortality. Most studies 
have indicated that a dose of 5 mg of prednisolone 
or its equivalents is considered a safe dose [20]. In 
a study involving glucocorticoid naïve RA patients, 
the risk of CV events associated with chronic 
glucocorticoid use was evaluated based on daily 
dose, cumulative dose, and treatment duration 
of six months to one year. After adjusting for 
traditional CVD risk factors and disease duration, it 
was shown that prednisolone use at a daily dose of 
less than 5 mg, a cumulative dose of less than 750 
mg over six months, and less than 1100 mg over 
one year did not increase CVD risk [20]. However, 
doses exceeding 5 mg per day and short-term 
cumulative doses exceeding these thresholds were 
associated with an increased risk of CVD. The group 
that developed CV events tended to have higher 
mean ages, more traditional risk factors, higher 
disease activity, longer disease durations, and were 
less likely to use DMARDs. A meta-analysis found 
that RA patients have a 50% increased risk of CV 
events [21].

Glucocorticoids may increase the risk of CV events 
by promoting two critical CV risk factors: HT and 
atherosclerosis.



Acta Medica 2024; 55(Supplement 1): 10-16

12

Hypertension

Glucocorticoid-induced hypertension gained 
attention due to its high prevalence (25-93%) as 
a comorbidity in Cushing’s syndrome patients 
[22]. Following the recognition of hypertension 
in patients with endogenous steroid excess, the 
effects of exogenous steroid use on BP have been 
studied [23]. Both endogenous and exogenous 
excess glucocorticoids have been shown to 
cause hypertension. Studies have identified 
daily glucocorticoid dose and family history of 
essential hypertension as significant risk factors for 
glucocorticoid-induced hypertension.

Initially, it was thought that the hypertensive 
effects of glucocorticoids were primarily due 
to their mineralocorticoid activity [24]. While 
mineralocorticoid receptor activation plays a role in 
hypertension development, it is not the sole or even 
primary factor, as synthetic glucocorticoids exhibit 
minimal mineralocorticoid effects. Furthermore, 
research in human and animal models has shown 
that spironolactone cannot prevent glucocorticoid-
induced hypertension [25]. Sodium reabsorption 
at the renal level is not an essential mechanism in 
glucocorticoid-induced hypertension either [26]. 
No significant increase in sympathetic activity has 
been observed. Over time, it has become clear that 
glucocorticoid-induced hypertension is a complex 
condition involving multiple systems.

Glucocorticoids contribute to hypertension by 
affecting nitric oxide (NO) release in the central 
nervous system, activating the renin-angiotensin-
aldosterone system (RAAS), and promoting 
cardiac hypercontractility while increasing sodium 
reabsorption in the kidneys [23]. They also promote 
hypertension through mechanisms that potentiate 
their systemic effects on the liver and adipose tissue. 
Glucocorticoid receptors are known to be present 
in both vascular smooth muscle and endothelial 
cells [27]. Although glucocorticoids do not alter 
plasma arginine vasopressin levels, their impact on 
vascular smooth muscle increases angiotensin II 
V1a receptor expression and enhances sodium and 
calcium influx into cells [28]. In vitro studies have 
also shown that glucocorticoids reduce vascular 
reactivity and inhibit the synthesis of prostacyclin 
and nitric oxide, leading to vasoconstriction and, 
ultimately, hypertension.

In Addison’s disease, the hypertensive response 
to glucocorticoid therapy occurs too rapidly to be 
explained by renal mechanisms alone, highlighting 
the role of the vascular bed in the acute regulation of 
BP [29]. This suggests that glucocorticoid-induced 
hypertension may develop via direct effects on 
vascular smooth muscle even during short-term 
use [30]. In general, acute glucocorticoid-induced 
hypertension is mediated through vascular 
mechanisms, while chronic hypertension develops 
through renal mechanisms. In addition, secondary 
hypertension resulting from glucocorticoid use 
tends to elevate systolic BP more than diastolic 
BP. After oral glucocorticoid administration, BP 
increases within 24 hours and peaks within the first 
few days [31]. Glucocorticoids disrupt circadian 
rhythms, resulting in inadequate nocturnal BP 
reduction [32]. This condition leads to non-dipping 
hypertension.

In the general population, an increase of 20 mmHg 
in systolic BP and 10 mmHg in diastolic BP doubles 
the risk of cardiovascular disease and ischemic 
heart disease mortality [33]. Vasculitis patients 
often receive glucocorticoid therapy for at least 
three months following disease flare-ups, with 
the cumulative dose increasing with prolonged 
use. In one study, hypertension developed in 9% 
of patients after three months of glucocorticoid 
therapy [34]. Among patients receiving high 
doses, the incidence of hypertension reached 30%, 
and among those over 65 years old, the rate was 
37% [35] . Although daily doses under 7.5 mg are 
considered relatively safe, the risk of hypertension 
increases with both daily and cumulative doses 
[36]. A retrospective cohort study involving 
71,642 patients confirmed that the incidence of 
hypertension rises with increasing cumulative 
glucocorticoid exposure. Patients were stratified 
into low, medium, and high cumulative dose 
groups, with hypertension incidence rates of 14%, 
20%, and 30%, respectively [31].

In RA patients without a prior diagnosis of 
hypertension, glucocorticoid use was associated 
with a 17% increase in the risk of developing 
hypertension [36]. Additionally, 40% of patients 
who developed secondary hypertension from 
glucocorticoid use did not receive antihypertensive 
therapy, leaving them untreated for one of the 
most modifiable CVD risk factors. Furthermore, 
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30% of patients did not take BP measurements 
during follow-up visits within two years of initiating 
glucocorticoid therapy [36].

Regular BP monitoring should be performed 
during follow-up visits, and patients should be 
encouraged to monitor their BP. Most patients 
under GC treatment develop Grade-1 or Grade-2 
hypertension. Before establishing a treatment 
protocol, scoring patients based on their CVD 
risk using their BP measurements and identifying 
their position on the risk scale is crucial [37]. The 
most critical step in treatment is to discontinue 
glucocorticoids or administer the lowest effective 
dose. Lifestyle changes, including dietary 
modifications, increased physical activity, smoking 
cessation, and weight loss, should be recommended 
to patients. Medical intervention, in addition 
to lifestyle modifications, is vital for preventing 
hypertensive organ damage and for the ongoing 
management of vasculitis. Medical treatment aims 
to reduce BP to below 130/80 mmHg [38]. From a 
pharmacological standpoint, due to the increased 
activation of the RAAS, angiotensin-converting 
enzyme inhibitors (ACEi), angiotensin receptor 
blockers (ARBs), and nitric oxide (NO) donors 
such as L-arginine may be considered as first-line 
treatment options. Mineralocorticoid receptor 
antagonists (MRAs) and diuretics can be the next 
option. Contrary to their anticipated outcomes, 
calcium channel blockers (CCBs) and beta blockers 
are generally found to be ineffective in managing 
glucocorticoid-induced hypertension. Additionally, 
clinicians should consider using beta-blockers and 
thiazide diuretics, with careful attention to their 
potential adverse effects on glucose metabolism. It 
is also essential to monitor for hypokalemia, which 
can occur as a side effect of thiazide diuretics.

Atherosclerosis and Coronary Heart Disease

Atherosclerosis is a chronic, progressive 
inflammatory condition characterized by arterial 
narrowing, primarily due to vascular remodeling 
and the buildup of atherosclerotic plaques [39]. 
In patients with Cushing’s syndrome, conditions 
indicating the presence of atherosclerosis, such as 
elevated levels of low-density lipoprotein (LDL), 
increased carotid intima-media thickness (IMT) and 
reduced carotid artery lumen diameter, are observed 
compared to individuals without the syndrome, 

independent of traditional cardiovascular risk 
factors such as smoking, body mass index (BMI), 
and hypertension [40]. Experimental studies using 
animal models further support these findings, 
demonstrating the pivotal role of glucocorticoids 
in the progression of atherosclerosis. In patients 
with prolonged glucocorticoid use (≥ five years), 
carotid plaques and peripheral artery disease are 
more prevalent compared to those with short-term 
use [41].

Glucocorticoids affect vascular function by 
modulating both vasoconstriction and vasodilation 
pathways. Elevated levels of endothelin-1 (ET-
1), a potent vasoconstrictor, have been linked to 
atherosclerosis and contribute to increased vascular 
constriction [42]. Additionally, the overactivation 
of the RAAS, mainly through AngII, exacerbates 
vasoconstriction and endothelial injury. Regarding 
vasodilation, glucocorticoids inhibit the production 
of critical vasodilators such as nitric oxide (NO) and 
prostacyclin [43,44]. Chronic glucocorticoid use 
has been associated with increased production of 
reactive oxygen species (ROS), which decreases 
NO bioavailability and further damages the 
vascular endothelium. The other cause of 
endothelial dysfunction is impaired endothelial 
progenitor cell (EPC) regulation. In individuals 
using glucocorticoids, there is a reduction in 
circulating EPCs. Consequently, endothelial-related 
vasodilation decreases, and the mechanisms 
for endothelial repair become compromised. In 
damaged endothelium, the balance between 
thrombotic and antithrombotic factors is disrupted 
[44]. The balance between NO, thromboxane A2, 
and prostacyclin is altered, von Willebrand factor 
levels increase, fibrinolysis mechanisms decrease, 
and platelet aggregation is accelerated [45]. As a 
result, atherosclerosis is accelerated, and the risk of 
acute coronary events increases.

The ESC Prevention 2022 guidelines emphasize 
that patients with elevated systemic inflammation 
may face an increased risk of CV events [37]. 
Higher inflammatory burdens have been strongly 
associated with increased CV event risk, and 
C-reactive protein (CRP) is recognized as an essential 
indicator of this risk. However, most glucocorticoid 
studies have not adjusted their outcomes for 
disease activity or CRP levels. In rheumatologic 
diseases, key inflammatory molecules such as 
TNF-alpha and IL-6 play a significant role in 
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chronic inflammation and vascular damage [46]. 
Glucocorticoids suppress both these molecules, 
inhibiting the pro-inflammatory cascade. 
Nonetheless, glucocorticoids’ metabolic effects 
may also contribute to CVD risk by promoting 
atherosclerosis.

In a cohort study involving 70,000 individuals, 
glucocorticoid doses exceeding 7.5 mg/day were 
associated with a 2- to 4-fold increase in adverse 
cardiovascular outcomes [47]. Notably, the risks of 
coronary heart disease (CHD) and heart failure (HF) 
were found to be greater than those of stroke (SVO). 
Due to their widespread use in treatment, ongoing 
research is into a “safe” daily dose of glucocorticoids. 
While some studies suggest that doses under 5 mg/
day do not increase CVD mortality, others indicate 
that even with a daily dose of 5 mg, the CVD risk 
doubles. Furthermore, at 25 mg/day, the risk 
increases sixfold. This suggests that patients using 
glucocorticoids to manage inflammatory burden in 
rheumatic diseases remain in a high-risk category 
for CVD [17].

The cardiovascular risks associated with 
glucocorticoid use are comparable to those seen in 
patients with diabetes or diagnosed cardiovascular 
disease. Although glucocorticoid use in patients 
with inflammatory conditions is not explicitly 
included in CVD risk scoring, recent prevention 
guidelines for cardiovascular disease stress the 
importance of accounting for these factors.

Assessment of patients’ risk profiles for coronary 
heart disease (CHD) is recommended. Although 
a constant multiplier has not been established 
for vasculitis patients, it is suggested that the risk 
determined by the SCORE-2 CVD risk calculator 
be multiplied by a factor of 1.5 for patients with 
RA [37]. This situation underlines the increased 
risk of CVD in systemic inflammatory processes. 
For secondary prevention, guidelines recommend 
administering low-dose colchicine (0.5 mg daily) 
to patients with uncontrolled risk factors despite 
other interventions. Additionally, research into IL-6 
inhibitors and suppressing systemic inflammation 
in CHD patients is ongoing. 

The necessity for coronary artery stenting should 
be thoroughly evaluated, as the metallic shafts of 
stents can provoke a foreign body reaction in already 

dysfunctional endothelium, potentially causing 
local plaque destabilization and accelerating 
atherosclerosis [48]. Many patients display ectatic 
coronary arteries due to chronic inflammation, 
which are more prone to frailty and have a higher 
risk of complications [49]. Antithrombotic therapy 
should be optimized, and the dosage of statin 
treatment should be adjusted to achieve the targets 
recommended by guidelines.

Take Home Messages 

• Glucocorticoid use is associated with 
hypertension and atherosclerosis, with these 
effects being dose- and duration-dependent.

• When disease activity is high, systemic 
inflammation increases, leading to higher 
doses of glucocorticoids. Consequently, it 
is difficult to determine whether systemic 
complications arise from the glucocorticoid 
dose or the intense inflammation. Moreover, 
a “safe” glucocorticoid dose may not apply 
uniformly to all side effects. It is crucial to use 
glucocorticoids for the shortest duration and 
at the lowest effective dose possible, especially 
when the disease is in remission.

• Due to the elevated CVD risk in vasculitis 
patients, lifestyle modifications alone are 
insufficient. Instead, they should be regarded as 
high-risk, and appropriate medical treatment 
should be administered when necessary.
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