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 Abstract
 Objectives. The present paper aims to review 
important contemporary information about VTE risk in 
endogenous and exogenous CS, as a substantial discrepancy 
exists between the results of a recent meta-analysis 
confirming the increased risk for VTE and the absence of CS 
in VTE guidelines.
 Methods. An extensive search of relevant 
databases (e.g. PubMed, Google Scholar, and Scopus) 
was performed in order to establish the interconnectedness 
of the following terms: Cushing’s syndrome, venous 
thromboembolism, deep vein thrombosis, pulmonary 
embolism.
 Results. The analysis demonstrated that patients 
with CS have about ten times the risk for VTE, particularly 
during the first year following the diagnosis of CS. Oral 
glucocorticoid users (with iatrogenic CS) have a 3-fold 
increase in risk of VTE in comparison with non-users. 
The most recent 2019 meta-analysis encompassed 7142 
patients with endogenous CS (including Cushing’s disease) 
undergoing transsphenoidal surgery or adrenalectomy, and 
their risk of unprovoked VTE was almost 18 times higher in 
comparison with a healthy population.
 Conclusion. Over the past 50 years considerable 
evidence of increased VTE risk in CS has been accumulated. 
It pertains to both endogenous and exogenous type of CS 
and has been confirmed in the vast majority, if not all the 
available studies, including meta-analyses. Nevertheless, 
official CS guidelines make no mention of CS as a VTE risk 
factor, even though it is important that not only physicians 
who treat CS, but also physicians who manage patients with 
suspected VTE be aware of increased VTE risk.

 Keywords: Cushing’s syndrome, venous 
thromboembolism, deep vein thrombosis, pulmonary 
embolism, guidelines.

INTRODUCTION

 Cushing’s disease and Cushing’s syndrome (CS) 
are recognized as having high cardiovascular risk (1-3). 
Patients with Cushing’s disease and CS have higher 
incidence and/or prevalence of numerous cardiovascular 
diseases and conditions: obesity, arterial hypertension, left 
ventricular hypertrophy, diabetes mellitus, dyslipidemia, 
metabolic syndrome, coronary artery disease including 
myocardial infarction (MI), heart failure (HF), venous 
thromboembolism (VTE), sleep apnea syndrome, and 
non-alcoholic fatty liver disease (2,4-6). The increased 
risk for VTE in CS was recognized half a century ago 
(7-9). Numerous papers confirm this association between 
VTE and Cushing’s disease/CS (1,10-14). The aim of the 
paper is to review important contemporary information 
about VTE risk in endogenous and exogenous CS.

METHODS 

 In view of a meta-analysis published in 2019 
(1), the aim of this paper is to perform a narrative 
review of the topic, encompassing meta-analyses, 
registries, consensus statements, individual studies, 
and VTE guidelines. For the purpose of this paper, we 
searched through relevant databases such as PubMed, 
Google Scholar, Scopus, Science Direct, Springer, and 
Wiley. The following terms were searched for: Cushing 
and Cushing’s syndrome or Cushing and Cushing’s 
disease, combined with venous thromboembolism, 
deep vein thrombosis, pulmonary embolism, pulmonary 
thromboembolism. Only articles written in English 
were considered. No time limits were used.
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RESULTS

 Incidence of VTE in CS
 VTE is not a rare finding in CS, particularly 
in those individuals who underwent surgery and/
or selective venous sampling (15,16). Patients with 
CS have about ten times the risk of developing VTE, 
especially during the first year following the diagnosis 
of CS (17,18). Interestingly, the elevated risk for HF 
and VTE in CS may be transient, while the risk for 
MI seems to be permanently elevated (18). Users of 
oral glucocorticoids have a 3-fold increase in risk of 
VTE compared to non-users (19). A meta-analysis of 
37 studies showed that patients with CS who undergo 
surgery have increased risk for VTE compared to 
those without CS. Patients with CS have a 3-fold 
higher risk for VTE compared to non-CS individuals 
(20). A high level of glucocorticoids in CS leads to a 
hypercoagulable state, which then raises the likelihood 
of pulmonary thromboembolism (PTE) and deep vein 
thrombosis (DVT). The hypercoagulable state is also 
linked to higher mortality in these patients (13,21,22). 

 Individual studies of VTE in CS
 In a study done by Stuijver et al., which 
included 473 patients with CS, 360 of whom suffered 
from ACTH-dependent pituitary CS, the incident 
rate for first-ever VTE prior treatment was 12.9% 
per persons-years. This study showed that patients 
with CS who had undergone pituitary surgery are at 
high risk for VTE. Namely, the risk of postoperative 
VTE in Cushing’s disease patients who underwent 
transsphenoidal surgery was 3.4%, whereas no VTE was 
observed in the control group. However, none of almost 
200 patients who underwent transsphenoidal surgery 
due to nonfunctioning pituitary adenomas developed 
VTE. The fact that postoperative VTE occurred only 
in ACTH-dependent CS raises the question of whether 
this happens because of postoperative variation in 
cortisol levels or due to ACTH mediated influence on 
hemostatic parameters (10).
 Manetti et al. showed that patients with CS have 
increased levels of hemostatic factors (12). It seems 
reasonable that this alteration in coagulation indexes 
can lead to VTE. This is why these authors suggest 
performing the evaluation of hemostatic and fibrinolytic 
agents in patients with CS (12). The group of 6550 VTE 
patients was compared to 10,000 controls (matched 
for age and gender) and current oral glucocorticoid 
therapy was associated with 3-fold greater risk (19). 
Systemic glucocorticoids increase the risk of VTE 

among present and recent but not among former users, 
as demonstrated in Danish Nationwide (5.6 million 
citizens) Population-Based Study (3). Interestingly, in 
patients who were taking oral glucocorticoids, the risk 
for PTE was more pronounced as compared to DVT 
(3). It seems that the risk of VTE in glucocorticoid users 
decreases with prolonged duration of use (19). For 
example, admission because of VTE within 2 months 
following hospital discharge was 4.1 times higher in 
glucocorticoid users (23). On the other hand, users of 
inhaled or intestinal acting glucocorticoids showed 
persisted but less prominent increased risk for VTE 
(3,20). Moreover, glucocorticoid therapy is associated 
with a 2-fold higher risk of VTE among the outpatients 
(24). In a study by Babic et al. 7.4% of 4,217 patients 
had CS. The VTE incidence rates were almost 3 times 
higher in patients with CS. This raises the question of 
whether VTE prophylaxis is needed in CS patients at 
discharge from hospital (20).

 Consensus Statement about VTE in CS
 Thrombophilic state in CS is caused by 
hypercoagulability on the one hand and impaired 
fibrinolysis on the other hand. The increased cortisol 
levels stimulate the synthesis of clotting factors such 
as fibrinogen and von Willebrand factor, leading to 
hypercoagulability. High levels of cortisol also induce a 
higher concentration of plasminogen activator inhibitor 
type 1, which is the main inhibitor of the fibrinolytic 
system (25). It causes impaired fibrinolysis and worsens 
up hypercoagulability state. This is why all active CSs 
should be understood as having a prothrombic state and 
thromboprophylaxis ought to be considered (25).

 Meta-analyses of the studies about VTE in CS
 In 2009, a meta-analysis by Van Zaane et 
al. evaluated eight studies with 476 CS patients. It 
demonstrated that CS patients had increased risk for VTE 
regardless of surgical interventions, i.e. unprovoked VTE 
is also more prevalent in CS (26). The most recent, 2019 
meta-analysis included 48 studies with 7,142 patients 
with endogenous CS (including Cushing’s disease) 
undergoing transsphenoidal surgery or adrenalectomy 
(1). The risk of unprovoked VTE was almost 18 times 
higher in CS in comparison with a healthy population 
(1). Admittedly, patients with endogenous CS had not so 
high odds of VTE as compared to patients who undergo 
orthopedic surgery for hip repair. The same analysis 
confirmed that CS-associated risk of VTE is intermediate 
between the general population and orthopedic surgical 
interventions (1). Wagner et al. also emphasized the 

P<0.05 is considered as significant
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fact that patients with CS have a different coagulation 
profile as compared to controls. Namely, CS patients 
have increased von Willebrand factor and factor VIII, 
while activated partial thromboplastin time (aPTT) is 
decreased (1). 

 CS in VTE guidelines 
 The evidence, including that from meta-
analyses, demonstrates consistently increased risk of 
VTE in both endogenous and exogenous CS. Having 
in mind high prevalence, mortality, and morbidity 
in VTE, and therefore very high medical and social 
significance of this disease, it is logical to expect at 
least a mention of CS and Cushing’s disease in VTE 
guidelines. However, having performed a search in 
guidelines on the topic, we discovered that none of the 
27 VTE/PTE/DVT guidelines published between 2000 
and 2019 contained the term “Cushing” (27-53).

DISCUSSION 

 The most important finding in this study 
is the discrepancy between numerous studies and 
meta-analyses suggesting that CS is a risk factor for 
VTE on the one hand, and the absence of such data 
in 27 guidelines for VTE on the other. Meta-analyses 
provide an excellent tool for confirming the association 
between the two diseases. 
 
 Pathophysiologic mechanisms
 Hypercoagulability state is the main 
pathophysiological mechanism that is responsible for 
the increased risk of VTE in CS. The disturbance of 
hemostatic balance is caused by the overproduction 
of coagulation proteins on one, and impaired 
fibrinolysis on the other hand (20). The pathogenesis of 
hypercoagulability in CS is complex and multifactorial. 
Several studies have shown that patients with CS have 
increased levels of von Willebrand factor, Factor VIII, 
Factor IX, and fibrinogen compared to healthy controls. 
This is probably due to the direct stimulating effect 
that glucocorticoids have on clotting factor production. 
Shortened aPTT in these patients is caused by activation 
of the coagulation pathways (54). Factor VIII higher 
than 160% carries a 4-fold increased risk of VTE 
(55). On the other hand, patients with CS suffer from 
abdominal obesity which is associated with increased 
levels of Factor VII, von Willebrand factor, and PAI-
1. Increased concentrations of clotting factors in these 
individuals are probably caused by increased abdominal 
fat mass. Interestingly, a hypercoagulable state in CS 

persists even after normalization of cortisol levels. This 
observation gives an advantage to abdominal obesity 
as a probably more important factor for thrombosis 
in CS compared to hypercortisolemia (56). Impaired 
fibrinolysis in CS is a common finding as these patients 
have increased levels of fibrinolysis inhibitors such as 
PAI-1, TAFI, 2-antiplasmin (56). Homocysteinaemia 
and hyperfibrinogenemia are valid predictors of VTE 
(5). Polycythemia also represents a thrombogenic 
factor as it increases blood viscosity (57). Patients with 
CS and VTE have higher urinary free cortisol and von 
Willebrand factor levels compared to CS without VTE 
(55). Also, patients with CS and VTE are more likely 
to have prothrombin gene 20210A variants. Second to 
that, GCAG/GCAG genotype which is known to induce 
hypersecretion of VWF is more common in patients with 
CS and VTE (55, 58). A positive association between 
elevated D-dimer and cortisol levels suggests that the 
crucial factor for thrombosis is not daily cortisol level 
but autonomous cortisol secretion.
 The narrative review may add information on 
how widely this association is recognized, whether 
it is accepted by the medical community or not, and 
whether it is available in the essential documents in the 
field (guidelines) aimed at teaching pathophysiology 
and instructing in the clinical practice. For example, 
when we estimate the pre-test probability for VTE in 
an individual patient, it is helpful to be aware that CS 
is a risk factor (for VTE) and the guidelines are a very 
important source of such information. 
 In conclusion, it is important to recognize that 
glucocorticoids are per se thrombogenic. Moreover, 
Cushing’s disease or adrenal adenoma are neoplasms 
(endogenous CS), and therefore prothrombotic, too. 
Additionally, the probability of thrombosis in iatrogenic, 
exogenous CS increases not only due to glucocorticoids, 
but also thrombogenicity stems from pronounced 
inflammatory pathophysiology of some diseases (such 
as systemic lupus erythematosus or rheumatoid arthritis, 
which are indications for glucocorticoids). Over the 
period of 50 years considerable evidence confirming 
the increased VTE risk in CS has been accumulated. 
This is true for both endogenous and exogenous type 
of CS and confirmed in the great majority, if not all 
the available studies, including meta-analyses. In sharp 
contrast, PTE guidelines do not even mention CS as a 
VTE risk factor. The more active inclusion of VTE in 
differential diagnostic consideration in patients with CS 
seems justified. It is important that, not only physicians 
who treat CS, but also physicians who manage patients 
with suspected VTE be aware of increased VTE risk. 
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