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Abstract: Synthetic corticosteroids are widely used due to their anti-inflammatory and immunosup-
pressant effects. Their use has been associated with venous thromboembolism, but it is unknown
whether thromboembolism has a causal relationship with corticosteroid treatment. In a randomised,
double-blind, placebo-controlled trial in normal to overweight healthy men, the effect of the corticos-
teroid prednisolone on haemostasis using either 50 mg prednisolone or matching placebo once daily
for ten days was investigated. The primary outcome was a change from baseline in the viscoelastic
measurement maximal amplitude of clot in kaolin-activated thromboelastography (TEG). Changes
from baseline in other TEG measurements, D-dimer, von Willebrand factor (VWF) antigen, and
ristocetin cofactor activity (RCo), antithrombin, protein C, prothrombin, fibrinogen, INR, APTT, and
platelet count were secondary outcomes. Thirty-four men participated in this study. Compared to
placebo, prednisolone treatment did not affect maximal amplitude of clot (difference −0.77 (95%
confidence interval (CI) −2.48, 0.94) mm, p = 0.37, missing: n = 2), but it altered VWF antigen (28%,
p = 0.0004), VWF:RCo (19%, p = 0.0006), prothrombin (5%, p = 0.05), protein C (31%, p < 0.0001),
antithrombin (5%, p = 0.013), and fibrinogen (−15%, p = 0.004). Thus, prednisolone treatment did
not alter TEG-assessed maximal amplitude of clot, despite that it affected prothrombotic markers
(increased prothrombin, VWF antigen, VWF:RCo, prothrombin, and decreased fibrinogen) and
increased antithrombotic markers (protein C and antithrombin).

Keywords: randomised controlled trial; thromboelastography; glucocorticoids; healthy volunteers;
haemostasis; biomarkers

1. Introduction

Synthetic corticosteroids are commonly used as anti-inflammatory drugs to treat
various conditions, including, but not limited to, chronic obstructive pulmonary disease,
asthma, inflammatory bowel disease, and rheumatoid diseases [1]. Reported side effects of
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corticosteroids include hyperglycaemia, infections, osteoporosis, and a variety of cardio-
vascular disorders [2–5]. Observational studies have shown an association between the use
of corticosteroids and venous thromboembolism, including pulmonary embolism [5,6] as
well as cardiovascular and cerebrovascular events [7,8]. Whether this association is due to
underlying diseases or corticosteroid treatment is uncertain.

Randomised controlled trials investigating the effect of corticosteroids on haemosta-
sis without underlying inflammation are sparse. The main focus has been on primary
haemostasis, where increased VWF levels were reported in two of four studies [9–12]. In
one study, platelet levels were investigated and increased by 17% after high-dose dex-
amethasone treatment [11]. Secondary haemostasis parameters are more inconsistently
investigated: The markers of the intrinsic and extrinsic pathways, APTT and INR, respec-
tively, have not been reported. However, Brotman et al. reported increased levels of factors
VIII (+27%) and XI (+6%), both parts of APTT, as well as increased levels of factor VII
(+13%), which is a part of INR [10]. They also found an increase in fibrinogen because
of corticosteroid treatment [10]. Additionally, thrombin has been found to be increased
following prednisolone [9]. Conversely, D-dimer, the product of fibrin degeneration, does
not appear to change due to corticosteroid treatment [10,12].

Viscoelastic measurements provide summarised comprehensive information on whole-
blood samples, and in addition, different assays allow for investigation of each pathway [13].
Interestingly, one study showed that endogenous hypercortisolism (i.e., Cushing’s syn-
drome), compared to matched controls, was associated with shorter intrinsic clotting time
as assessed using viscoelastic testing (159.3 s vs. 172.2 s), while other intrinsic and extrinsic
viscoelastic measurements were unaffected [14]. Furthermore, studies on conventional
haemostasis parameters have been carried out, including in patients with endogenous
hypercortisolism, with inconsistent results on most parameters, except for VWF:Ag, which
was found to be increased [15–21]. However, these studies are also subject to bias arising
from the selection of patients and the underlying disease. Observational studies have
been conducted in patients with underlying inflammation, such as patients with systemic
lupus erythematosus and polymyalgia rheumatica [22–25]. A meta-analysis found that
use of corticosteroids in underlying inflammation reduces VWF:Ag, VWF:RCo, and fib-
rinogen while increasing antithrombin, protein C, and protein S [23]. These studies may
nevertheless be unsuited for describing the isolated effect of corticosteroids, as their im-
pact on inflammation may alter coagulation [26] and the corticosteroids may alter the
inflammation [27].

Here, using a randomised placebo-controlled design, we investigated how the most
used synthetic corticosteroid, prednisolone, affects viscoelastic measurements of coag-
ulation in healthy men. We also evaluated the effect of prednisolone on a variety of
static coagulation parameters across primary and secondary haemostasis as well as regula-
tory mechanisms.

2. Materials and Methods
2.1. Trial Design

The current study is a sub-study of the CURPRED (“The effect of curcumin on the
development of prednisolone-induced hepatic insulin resistance in overweight and obese
participants”) trial was a randomised, controlled, double-blind trial investigating the effect
of curcumin on prednisolone-induced glucometabolic side effects [28]. After an interim
analysis, evaluation of the curcumin intervention was halted for futility, since it was judged
that curcumin did not affect the glucometabolic side effects, and the trial was completed
using two arms (prednisolone/placebo). Using these two arms, we wanted to elucidate the
unclear effect of prednisolone on the haemostasis of healthy individuals, using kaolin-TEG
measurements alongside conventional haemostatic parameters.
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2.2. Participants

Participants were recruited through posters, advertisements in newspapers, and a
national webpage (https://www.forsoegsperson.dk/, accessed on 30 September 2022) for
persons wanting to participate in research projects. The primary study included male
participants with a written informed consent, body mass index (BMI) > 24.9 kg/m2,
haemoglobin ≥ 7.5 mmol/L, aged between 18 and 59 years, and excluded participants
on antidiabetic treatment, lipid-lowering drugs, clopidogrel, oral anticoagulant treatment,
frequent use of nonsteroid anti-inflammatory drugs in the last two months, use of medica-
tion known to interact with prednisolone, use of curcumin-containing food supplements,
use of any regular medication that could not be discontinued for 18 h, intake of more than
21 units of alcohol per week, known liver or kidney disease, known type 2 diabetes, or
HbaA1c above 48 mmol/mol at screening, participation in- or planned lifestyle changes,
contraindication for magnetic resonance imaging, or any other condition that, per investi-
gator judgment, could interfere with trial participation or safety of participants. When the
curcumin intervention was halted, eligibility criteria were broadened to facilitate recruit-
ment: The BMI criterion was lowered to >20.0 kg/m2, the HbA1c cut-off was lowered to
42 mmol/mol, and the exclusion criteria of magnetic resonance imaging contra indication
and use of curcumin-containing food supplies were removed. Furthermore, persons with
medically treated asthma, hypertension, current smokers, and persons not vaccinated for
COVID-19 were excluded.

2.3. Sample Size

As outlined in our statistical analysis plan, estimation was based on TEG-assessed
maximal amplitude using a paired t test. The assumptions for the power calculation were
a level of significance of 5%, a power of 80%, two-sided statistics, a detectable difference
of 4.0 mm, and a standard deviation of 4.0 mm. With a 1:1 distribution between active
treatment and placebo, this resulted in a sample size of at least 32. Using the observed data,
a post-hoc power calculation was computed with the abovementioned level of significance
and power.

2.4. Randomisation and Treatment

The first 14 participants were randomised (1:1:1) to either (a) prednisolone 50 mg once
daily and curcumin 100 mg twice daily for 10 days, (b) prednisolone 50 mg once daily and
curcumin placebo twice daily for 10 days, and (c) prednisolone placebo once daily and
curcumin placebo twice daily for 10 days. Treatments were blinded to participants and
investigators recruiting and allocating participants. To balance the treatment groups, the
last 20 participants were randomised in a 1:3 ratio to active prednisolone treatment and
2:3 to placebo. Each treatment was numbered individually, ensuring blinding of patients
as well as investigators. Unblinding of investigators conducting the present sub-study
was carried out following study completion of the last participant. The randomisation
sequences were made by scientists not affiliated with this study, using a random sequence
generator. The Pharmacy of the Capital Region of Denmark supplied the prednisolone and
prednisolone placebo as encapsulated tablets to ensure double blinding.

2.5. Procedures and Analyses

This study was conducted at Gentofte Hospital, University of Copenhagen. Following
a 10 h overnight fasting period, each participant had blood samples taken prior to ran-
domisation and at end of treatment (24 h following the last dose). Each of the visits were
planned at the same time of day. Sampling was carried out by cubital vein cannulation.
As TEG samples are known to be especially sensitive to preanalytical factors, researchers
performing blood collections were trained to conduct this uniformly. TEG samples were
citrated whole-blood samples (3.2% sodium citrate) and were analysed within 2 h of with-
drawal. All other analyses except for platelets were performed on sodium citrate plasma
(3.2%). Platelets were measured in K2-EDTA plasma.

https://www.forsoegsperson.dk/


Biomedicines 2023, 11, 2052 4 of 14

Seventeen pairs of the fibrinogen and antithrombin samples were subject to one extra
freeze–thaw cycle. All pairs of activated partial thromboplastin clotting time (APTT),
12 pairs of prothrombin, 4 pairs of D-dimer, and 2 pairs of international normalised ratio
(INR) were run on frozen 3.2% sodium citrate plasma (−80 ◦C for samples stored >3 months,
−20 ◦C for samples stored <3 months). Prior to freezing, biobank samples were centrifuged
for 15 min at 2900× g and 4 ◦C. Frozen samples were thawed using standardised procedures.
TEG samples were analysed using the Kaolin TEG assay (TEG® 5000 Hemostasis analyzer,
Haemonetics, Boston, MA, USA). All samples were analysed within 120 min of collection.
VWF:Ag was measured using the HemosIL® von Willebrand Factor Antigen assay. von
Willebrand factor ristocetin cofactor activity (VWF:RCo) was measured using the HemosIL®

von Willebrand Factor Ristocetin Cofactor Activity assay. Protein C was measured using the
HemosIL® Protein C assay. Prothrombin was measured using the HemosIL®Readiplastin,
HemosIL®Factor II deficient plasma assay using an ACL TOP 550 (Instrumentation of
Laboratory, Werfen Company, Barcelona, Spain). Antithrombin was measured using the
Siemens INNOVANCE Antithrombin assay. D-dimer was measured using the Siemens
INNOVANCE D-dimer assay. APTT was measured using the Siemens Dade Actin FS assay.
Fibrinogen was measured using the Siemens Dade thrombin assay. INR was measured
using the MediRox Owrens PT assay using a Siemens Sysmex CS5100 (Siemens Healthcare
Diagnostics, Marburg, Germany). Platelet count was measured using Siemens ADVIA 120
CBC TIMEPAC and ADVIA 120 SHEAT/RINSE on a Siemens ADVIA 2120i 3M (Siemens
Healthcare Diagnostics, Marburg, Germany).

2.6. Outcomes

The primary outcome was a change from baseline in maximal amplitude of clot
(measured using TEG, TEG:MA). Secondary outcomes were changes from baseline in
TEG-assessed reaction time (R) (TEG:R), clot lysis in 30 min (TEG:LY30), clot strengthening
(angle) (TEG:Angle), and clot formation (K) (TEG:K) as well as platelet count, and levels
of VWF:Ag, VWF:RCo, INR, APTT, prothrombin, fibrinogen, D-dimer, protein C, and an-
tithrombin. All outcomes were collected and assessed after the final participant completed
the study.

2.7. Statistical Analyses

Each of the biomarkers was examined using a constrained linear mixed model includ-
ing time as a fixed variable and assuming an unstructured covariance pattern to account
for replicate measurements on the same subject. If baseline data showed a skewness in
either BMI (difference > 3 kg/m2) or age (difference > 10 years), adjustment was per-
formed for the variable in question as both additive and multiplicative variables. As
no skewness was observed, no further analyses were conducted. To minimise influence
by possible effects of curcumin, we conducted a planned ancillary analysis to evaluate
any effect of the curcumin intervention. As any participant failing to comply would be
replaced with another participant, all analyses were performed as intention-to-treat. A
two-sided p value of 0.05 was considered statistically significant. Spaghetti plots depicting
the paired measurements per marker of each participant were shown for each of the end-
points. A statistical analysis plan was published online prior to unblinding and analysis of
results (http://coptrin.dk/wp-content/uploads/2023/01/sap-signeret.pdf (accessed on
14 January 2023)). Data management, descriptive statistics, and constrained linear mixed
modelling were performed using Statistical Analysis Software 9.4 (SAS Institute, Cary,
NC, USA). Illustration of graphics were created using R 4.1.2 (R Foundation for Statisti-
cal Computing, Vienna, Austria) with the survival 3.2–13, ggplot2 3.4.2, and patchwork
1.1.2 packages.

3. Results

We screened 39 potential participants from May 2020 to December 2022, of whom
34 completed the study with 17 randomised to prednisolone and 17 to placebo treatment

http://coptrin.dk/wp-content/uploads/2023/01/sap-signeret.pdf
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(Figure 1 and Table 1). There were no missing data on baseline information. All participants
were compliant to medicine intake according to the predefined criteria (i.e., >70%). A total
of 15 participants experienced adverse events (8 in the prednisolone group and 7 in the
placebo group). Although no serious adverse events were registered, one participant in
the combined active prednisolone and placebo curcumin group suffered from epistaxis
and terminated the study treatment on day 8 as per investigator instruction. The trial was
completed when 34 participants finished the study, as per our sample size estimate.
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Table 1. Baseline characteristics.

Placebo
(n = 17)

Prednisolone
(n = 17)

Sex, male, n (%) 17 (100.0) 17 (100.0)
Age, years, mean (SD) 29.2 (8.3) 33.6 (11.5)
BMI, kg/m2, mean (SD) 25.7 (2.4) 26.6 (2.7)
Ethnicity

Caucasian, n (%) 17 (100.0) 14 (82.4)
Asian, n (%) 0 (0.0) 3 (17.7)

Former smoker, n (%) 1 (5.9) 3 (17.7)
Diabetes, n (%) 1 (5.9) 0 (0)
Asthma, n (%) 0 (0.0) 1 (5.9)
Atrial fibrillation, n (%) 0 (0.0) 1 (5.9)
Thyroid disease, n (%) 0 (0.0) 0 (0.0)
Inflammatory disease, n (%) 0 (0.0) 1 (5.9)
Any bowel disease, n (%) 2 (11.9) 0 (0.0)
Anticoagulant or antiplatelet treatment, n (%) 0 (0.0) 0 (0.0)
HbA1c, mmol/mol, mean (SD) 31.3 (3.1) 31.4 (2.4)

Abbreviations: n: number; SD: standard deviation; BMI: body mass index; HbA1c: glycated haemoglobin.

3.1. Primary Outcome

Compared with placebo, TEG:MA was not affected by prednisolone treatment: −0.77
((95% confidence interval (CI) −2.48, 0.94) mm, p = 0.37) (Table 2 and Figure 2).
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Table 2. Results from the linear mixed models. Baseline is the intercept of the regression, ∆Placebo is the effect of placebo (time), ∆Prednisolone is the effect of
prednisolone. Abbreviations: CI: confidence interval; TEG: thromboelastography; MA: maximal amplitude of clot; R: reaction time; LY30: lysis in 30 min; K: clotting
time; VWF:RCo: von Willebrand factor–ristocetin cofactor activity; kIU/L: kilo international units per liter; VWF:Ag: von Willebrand factor antigen; FEU: fibrin
equivalent units.

Measurement Baseline (95% CI) ∆ Placebo (95% CI) ∆ Prednisolone (95% CI) Missing Placebo/Prednisolone, n (%)

TEG:MA (mm) 61.72 (60.64, 62.80, p < 0.0001) 0.73 (−0.47, 1.92, p = 0.22) −0.77 (−2.48, 0.94, p = 0.37) 0 (0.00)/2 (11.76)
TEG:R (min) 5.36 (4.82, 5.89, p < 0.0001) 0.14 (−0.51, 0.79, p = 0.66) −0.39 (−1.25, 0.48, p = 0.37) 0 (0.00)/2 (11.76)

TEG:Angle (degrees) 64.43 (62.06, 66.82, p < 0.0001) 2.46 (0.38, 4.53, p = 0.02) −1.53 (−4.10, 1.04, p = 0.23) 0 (0.00)/2 (11.76)
TEG:K (min) 1.78 (1.61, 1.95, p < 0.0001) −0.08 (−0.25, 0.09, p = 0.33) 0.02 (−0.22, 0.25, p = 0.89) 0 (0.00)/2 (11.76)

TEG:LY30 (%) 0.60 (0.29, 0.90, p = 0.0003) 0.11 (−0.44, 0.66, p = 0.68) 0.25 (−0.56, 1.06, p = 0.54) 0 (0.00)/2 (11.76)
Platelet count (×109/L) 231.58 (213.80, 249.35, p < 0.0001) 8.11 (−7.64, 23.86, p = 0.30) 8.65 (−14.08, 31.38, p = 0.44) 0 (0.00)/1 (5.88)

VWF:Ag (kIU/L) 1.10 (0.97, 1.24, p < 0.0001) −0.05 (−0.16, 0.06, p = 0.38) 0.31 (0.15, 0.46, p = 0.0004) 0 (0.00)/(0.00)
VWF:RCo (kIU/L) 0.80 (0.71, 0.89, p < 0.0001) −0.03 (−0.09, 0.03, p = 0.31) 0.15 (0.07, 0.23, p = 0.0006) 0 (0.00)/0 (0.00)

INR 1.07 (1.02, 1.11, p < 0.0001) −0.02 (−0.05, 0.02, p = 0.42) 0.02 (−0.27, 0.07, p = 0.34) 1 (5.88)/1 (5.88)
APTT (seconds) 27.99 (26.79, 29.19, p < 0.0001) 0.09 (−2.11, 2.28, p = 0.94) −0.47 (−3.82, 2.87, p = 0.78) 0 (0.00)/3 (17.65)

Prothrombin (kIU/L) 0.98 (0.93, 1.02, p < 0.0001) 0.009 (−0.03, 0.05, p = 0.63) 0.05 (−0.001, 0.11, p = 0.05) 0 (0.00)/1 (5.88)
Fibrinogen (µmol/L) 6.94 (6.42, 7.46, p < 0.0001) 0.13 (−0.36, 0.62, p = 0.59) −1.02 (−1.69, −0.36, p = 0.004) 2 (11.76)/3 (17.65)
D-dimer (mg FEU/L) 0.26 (0.21, 0.32, p < 0.0001) 0.06 (0.01, 0.11, p = 0.01) −0.05 (−0.12, 0.01, p = 0.11) 1 (5.88)/1 (5.88)
Antithrombin (kIU/L) 0.94 (0.92, 0.97, p < 0.0001) 0.01 (−0.02, 0.04, p = 0.38) 0.05 (0.01, 0.09, p = 0.013) 1 (5.88)/2 (11.76)

Protein C (kIU/L) 0.97 (0.89, 1.05, p < 0.0001) −0.02 (−0.10, 0.07, p = 0.67) 0.30 (0.19, 0.41, p < 0.0001) 0 (0.00)/2 (11.76)



Biomedicines 2023, 11, 2052 7 of 14

Biomedicines 2023, 11, x FOR PEER REVIEW 6 of 14 
 

Inflammatory disease, n (%) 0 (0.0) 1 (5.9) 
Any bowel disease, n (%) 2 (11.9) 0 (0.0) 
Anticoagulant or antiplatelet treatment, n (%) 0 (0.0) 0 (0.0) 
HbA1c, mmol/mol, mean (SD) 31.3 (3.1) 31.4 (2.4) 
Abbreviations: n: number; SD: standard deviation; BMI: body mass index; HbA1c: glycated haemo-
globin. 

3.1. Primary Outcome 
Compared with placebo, TEG:MA was not affected by prednisolone treatment: −0.77 

((95% confidence interval (CI) −2.48, 0.94) mm, p = 0.37) (Table 2 and Figure 2). 

 
Figure 2. Spaghetti and scatter plots for the thromboelastography measurements split into the two 
treatment groups—before and after treatment. Red line denotes mean at baseline and EoT. Abbre-
viations: EoT: end of treatment. 

 

Figure 2. Spaghetti and scatter plots for the thromboelastography measurements split into the
two treatment groups—before and after treatment. Red line denotes mean at baseline and EoT.
Abbreviations: EoT: end of treatment.

3.2. Secondary Outcomes

We found that prednisolone, when compared to placebo, increased VWF:Ag by 28%
(0.31 (95% CI 0.15, 0.46) kIU/L, p = 0.0004), VWF:RCo by 19% (0.15 kIU/L (95% CI 0.07,
0.23 kIU/L), p = 0.0006), prothrombin by 5% (0.05 kIU/L (95% CI −0.001, 0.11 kIU/L),
p = 0.05), protein C by 31% (0.30 kIU/L (95% CI 0.19, 0.41 kIU/L), p < 0.0001), and an-
tithrombin by 5% (0.05 kIU/L (95% CI 0.01, 0.09 kIU/L), p = 0.013). Fibrinogen decreased by
15% (−1.02 µmol/L (95% CI −1.69, −0.36 µmol/L), p = 0.004) in the prednisolone-treated
group compared to in the placebo-treated group. Neither TEG:R, TEG:LY30, TEG:Angle,
nor TEG:K changed following prednisolone treatment compared to placebo. Likewise,
APTT, INR, D-dimer, and platelet count were not affected by prednisolone treatment. Out-
comes are illustrated in Figures 2–5, and Table 2 provides a detailed description of the
regression analyses alongside information on missing data.



Biomedicines 2023, 11, 2052 8 of 14

Biomedicines 2023, 11, x FOR PEER REVIEW 8 of 14 
 

3.2. Secondary Outcomes 
We found that prednisolone, when compared to placebo, increased VWF:Ag by 28% 

(0.31 (95% CI 0.15, 0.46) kIU/L, p = 0.0004), VWF:RCo by 19% (0.15 kIU/L (95% CI 0.07, 0.23 
kIU/L), p = 0.0006), prothrombin by 5% (0.05 kIU/L (95% CI −0.001, 0.11 kIU/L), p = 0.05), 
protein C by 31% (0.30 kIU/L (95% CI 0.19, 0.41 kIU/L), p < 0.0001), and antithrombin by 
5% (0.05 kIU/L (95% CI 0.01, 0.09 kIU/L), p = 0.013). Fibrinogen decreased by 15% (−1.02 
µmol/L (95% CI −1.69, −0.36 µmol/L), p = 0.004) in the prednisolone-treated group com-
pared to in the placebo-treated group. Neither TEG:R, TEG:LY30, TEG:Angle, nor TEG:K 
changed following prednisolone treatment compared to placebo. Likewise, APTT, INR, 
D-dimer, and platelet count were not affected by prednisolone treatment. Outcomes are 
illustrated in Figures 2–5, and Table 2 provides a detailed description of the regression 
analyses alongside information on missing data.  

 
Figure 3. Spaghetti and scatter plots for the primary haemostasis measurements. Split into the two 
treatment groups—before and after treatment. Red line denotes mean at baseline and EoT. Abbre-
viations: EoT: end of treatment; VWF: von Willebrand factor; kIU/L: kilo international units per litre. 

Figure 3. Spaghetti and scatter plots for the primary haemostasis measurements. Split into the
two treatment groups—before and after treatment. Red line denotes mean at baseline and EoT.
Abbreviations: EoT: end of treatment; VWF: von Willebrand factor; kIU/L: kilo international units
per litre.

3.3. Ancillary Curcumin Analysis

Curcumin possibly modified the effect of prednisolone on platelet count, see
Supplementary Table S1. Neither primary nor other secondary outcomes were affected by
curcumin treatment.

3.4. Post-Hoc Power Calculation

A post-hoc power calculation using a level of significance of 0.05, sample size of 15 in
the prednisolone group, 17 in the placebo group, and the obtained standard deviation (SD)
3.0 mm revealed that due to the lower-than-expected SD we were able to, with a power of
0.80, detect a difference in TEG:MA of 3.1 mm.
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4. Discussion

In this randomised double-blind placebo-controlled trial, we found that 10-day pred-
nisolone treatment (50 mg QD) in healthy men did not affect global viscoelastic mea-
surement of intrinsic coagulation but affected markers of both primary and secondary
haemostasis, with increased levels of VWF antigen, VWF activity, prothrombin, protein C,
and antithrombin, as well as decreased levels of fibrinogen.

Prednisolone treatment increased the concentration of markers in the primary haemosta-
sis, as both VWF antigen and VWF activity increased. For VWF antigen, evidence from
previous RCTs is conflicting, which is highlighted in a meta-analysis [10–12,23]. We found
increased levels of VWF antigen, a conclusion that is supported by the more recent Majoor
study [9]. VWF activity has, to our knowledge, not been investigated in RCTs, and the
evidence from observational studies on endogenous hypercortisolism is conflicting [15,21].
Overall, our findings suggest increased activity of primary haemostasis in response to
prednisolone treatment.

We observed no changes in markers of the extrinsic nor intrinsic pathway (both
INR and APTT were unchanged in the prednisolone-treated group), consistent with a
previous RCT [10]. In the common pathway, we found a slight increase in prothrombin
in the prednisolone group, a marker that had not been investigated in this context prior
to the current study. Additionally, we found that fibrinogen decreases in prednisolone
treatment, which contradicts prior knowledge [10]. Despite the changes in prothrombin
and fibrinogen, D-dimer levels did not seem to change in the prednisolone-treated group,
as previously observed [9,10,12].

Protein C and antithrombin, two regulators of the coagulation pathways that had not
been investigated in RCTs previously, both increased in response to prednisolone treatment.

Given our finding that TEG measurements were not affected by prednisolone is not
a type 2 error, this could indicate that increased levels of the antithrombotic factors may
compensate for the increased levels of prothrombotic factors in healthy individuals. This is
supported by the knowledge that important genetic risk factors for VTE are antithrombin
deficiency and the prothrombin 20210A-mutation [29]. Lack of antithrombin increases the
risk of VTE [30]. Likewise, the prothrombin 20210A-mutation increases risk of VTE [31]
through even slight increases in the levels of prothrombin, albeit without functionally
damaging the protein [29]. Nevertheless, our data do not support testing for thrombophilia
during or immediately following corticosteroid treatment.

When we measure blood markers, the measurement reflects the combination of biosyn-
thesis, release, and elimination/consumption. Thus, our findings are most likely a com-
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bination of changes in these factors. An illustration of this is knowledge on VWF, where
investigators in a previous in vitro study observed that VWF biosynthesis, measured by
cellular mRNA expression, was increased when high-dose dexamethasone was applied;
however, dexamethasone alone was not sufficient to stimulate release from the cells [11].
Nevertheless, dexamethasone increased the thrombin-mediated release of VWF from vascu-
lar endothelial cells [32,33]. We found a decrease in fibrinogen as a response to prednisolone,
and this might reflect either a decrease in biosynthesis, release, or a combination. Alter-
natively, it might result from an increased consumption of fibrinogen. In support of the
latter, it has been reported that glucocorticoids may increase expression of fibrinogen
genes [34]. Our antithrombin results are in line with previous in vivo findings showing
that antithrombin expression increases in patients receiving dexamethasone [35].

The main result of our trial, which was that we found no changes in the maximum clot
strength in kaolin-TEG, could suggest no overall change in the strength of clots following
activation of the intrinsic cascade. It does, however, not rule out a change in other TEG-
parameters or in the extrinsic pathway. Changes did occur in conventional haemostatic
measurements with an apparent increase in primary haemostasis activity as well as changes
in both the common pathway and regulatory mechanisms of secondary haemostasis, which
suggests a complex interplay of coagulation when affected by prednisolone. Even though
we found no effect on clot strength in the intrinsic pathway, it is not possible for us
to rule out any other thrombogenic effect of prednisolone, especially via the extrinsic
cascade. However, it is important to note that corticosteroids are commonly used for
treatment of underlying inflammatory disorders, which themselves may lead to increased
thrombogenicity [36,37]. In this situation, corticosteroids may reduce thrombogenicity by
reducing systemic inflammation. Lastly, in daily clinical practise, concomitant treatment
with corticosteroids may also be part of alterations in the haemostatic system.

Future studies should include evaluation of the extrinsic cascade and further aim to
implement real time measurements (e.g., bleeding time) before, during, and after treatment.
Further, it is important to note that the structure and function of the vessel walls also
influence haemostasis and thrombogenicity in the body [38], which is not included in
our study.

A strength of the current study is its randomised double-blind placebo-controlled
design. As far as we know, this is the first trial investigating the effect of synthetic corti-
costeroids on viscoelastic measurements. Furthermore, we investigated several important
haemostasis parameters of both primary and secondary haemostasis including a dynamic
measurement of the intrinsic pathway, and the effect of prednisolone on several of these
markers has not previously been described in healthy individuals. All participants were
fasting at both sampling times, and to reduce the influence of the circadian rhythm, partici-
pants were seen at the same time of day. Our study also has limitations. Firstly, although
the sample size was not large, we did adhere to the predefined power calculation. Fur-
thermore, the post-hoc power calculation revealed that even a smaller difference than
expected could be identified, due to the lower SD. However, since our power measurement
was performed on TEG:MA, the other outcomes may be subject to coincidental findings
and should be evaluated accordingly, as the sample size of the study is limited in its size,
this includes the other TEG-measurements, as TEG:MA has a lower variability than the
other measurements [39]. Secondly, we had missing data from two patients on the primary
outcome parameter; these were lost during transportation of the samples, and thus were
missing completely at random. Thirdly, eligibility criteria were changed during the study,
to increase the recruitment potential. The influence of this change did not introduce bias,
as measurements were before and after measurements on the same participants, and as ex-
pected, according to the randomisation, the baseline measurements were balanced between
the groups. Fourthly, the fixed dose for a fixed duration prevented us from investigating
a dose–response relationship. Fifthly, five participants were subject to a concomitant cur-
cumin intervention. Since curcumin did not affect the primary outcome, it is not likely
that our results were influenced by this as also indicated by ancillary analysis. Lastly, as
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previously described, and only for secondary outcomes, samples for a few (17 fibrinogen
and antithrombin) measurements underwent an extra freeze–thaw cycle, and samples
for some measurements (all pairs of APTT, 12 pairs of prothrombin, 4 pairs of D-dimer,
and 2 pairs of INR) were analysed after storage in a biobank (this was nevertheless only
carried out on markers previously evaluated for stability during long term freezing [40]
and analyses were always carried out on both samples of the participant and followed
standardised procedure).

In conclusion, functional coagulation of the intrinsic pathway, as measured using
TEG:MA, did not appear to be affected by corticosteroid therapy. Our analysis of the con-
ventional prothrombotic and antithrombotic measures may explain the seemingly neutral
effect of corticosteroids on functional coagulation; however, these were secondary outcomes,
and this study was not necessarily powered to conclude on the basis of these measurements.

Our results do not encourage changes in prescription patterns.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/biomedicines11072052/s1, Table S1: Table with results from
analysis done for curcumin versus curcumin-placebo in the prednisolone-treated group.

Author Contributions: Conceptualisation, F.K.K. and J.U.S.J.; Methodology, E.R., P.H.H., P.S., F.K.K.
and J.U.S.J.; Software, P.K. and P.S.; Validation, P.K. and P.S.; Formal analysis, P.K., P.S. and J.U.S.J.;
Investigation, P.K., P.H.H., E.L.L. and J.P.G.; Resources, F.K.K. and J.U.S.J.; Data curation, P.K. and P.S.
Writing—original draft preparation, P.K. and J.U.S.J.; Writing—review and editing, P.K., E.R., P.H.H.,
P.S., E.L.L., J.V., C.S.U., J.P.G., F.K.K. and J.U.S.J.; Visualisation, P.K.; Supervision, P.S., J.V., C.S.U.,
J.P.G. and J.U.S.J.; Project administration, E.R., P.H.H., F.K.K. and J.U.S.J.; Funding acquisition, J.U.S.J.
All authors have read and agreed to the published version of the manuscript.

Funding: P.K., E.R., P.S. and J.U.S.J. were funded by the Novo Nordisk Foundation (NNF20OC0060657).
J.V. was supported by the NIHR Manchester BRC (NIHR203308). Funding parties had no influ-
ence on the design of the study, data collection, data analysis, interpretation of data or writing of
the manuscript.

Institutional Review Board Statement: This study was approved by the Ethics Committee of the
Capital Region of Denmark (approval no. H-19017550), the Danish Data Protection Agency (no. P-
2019-657), and it was registered at www.clinicaltrials.gov (no. NCT04315350 accessed on 20 September
2022). All participants provided written informed consent.

Informed Consent Statement: All participants provided written informed consent.

Data Availability Statement: The dataset underlying the conclusions of our article is available
following contact to a corresponding author.

Conflicts of Interest: C.S.U. has received grants from Sanofi, Boehringer Ingelheim, AstraZeneca,
and Novartis and speaker fees from Orion Pharma, AstraZeneca, and TEVA and consulting fees from
Chiesi, Orion Pharma, AstraZeneca, GSK, and TEVA, and been on advisory boards for Novartis,
Sanofi, Glaxo-Smith Kline, Chiesi, AstraZeneca, and Boehringer Ingelheim. All other authors report
no conflict of interest.

References
1. Hodgens, A.; Sharman, T. Corticosteroids. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2022.
2. Li, J.X.; Cummins, C.L. Fresh insights into glucocorticoid-induced diabetes mellitus and new therapeutic directions. Nat. Rev.

Endocrinol. 2022, 18, 540–557. [CrossRef] [PubMed]
3. Isidori, A.M.; Minnetti, M.; Sbardella, E.; Graziadio, C.; Grossman, A.B. Mechanisms in endocrinology: The spectrum of

haemostatic abnormalities in glucocorticoid excess and defect. Eur. J. Endocrinol. 2015, 173, R101–R113. [CrossRef] [PubMed]
4. Fardet, L.; Feve, B. Systemic glucocorticoid therapy: A review of its metabolic and cardiovascular adverse events. Drugs 2014,

74, 1731–1745. [CrossRef]
5. Johannesdottir, S.A.; Horvath-Puho, E.; Dekkers, O.M.; Cannegieter, S.C.; Jorgensen, J.O.; Ehrenstein, V.; Vandenbroucke, J.P.;

Pedersen, L.; Sorensen, H.T. Use of glucocorticoids and risk of venous thromboembolism: A nationwide population-based
case-control study. JAMA Intern. Med. 2013, 173, 743–752. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/biomedicines11072052/s1
https://www.mdpi.com/article/10.3390/biomedicines11072052/s1
www.clinicaltrials.gov
https://doi.org/10.1038/s41574-022-00683-6
https://www.ncbi.nlm.nih.gov/pubmed/35585199
https://doi.org/10.1530/EJE-15-0308
https://www.ncbi.nlm.nih.gov/pubmed/25987566
https://doi.org/10.1007/s40265-014-0282-9
https://doi.org/10.1001/jamainternmed.2013.122
https://www.ncbi.nlm.nih.gov/pubmed/23546607


Biomedicines 2023, 11, 2052 13 of 14

6. Stuijver, D.J.F.; Majoor, C.J.; van Zaane, B.; Souverein, P.C.; de Boer, A.; Dekkers, O.M.; Buller, H.R.; Gerdes, V.E.A. Use of
oral glucocorticoids and the risk of pulmonary embolism: A population-based case-control study. Chest 2013, 143, 1337–1342.
[CrossRef]

7. Wei, L.; MacDonald, T.M.; Walker, B.R. Taking glucocorticoids by prescription is associated with subsequent cardiovascular
disease. Ann. Intern. Med. 2004, 141, 764–770. [CrossRef]

8. Souverein, P.C.; Berard, A.; Van Staa, T.P.; Cooper, C.; Egberts, A.C.; Leufkens, H.G.; Walker, B.R. Use of oral glucocorticoids and
risk of cardiovascular and cerebrovascular disease in a population based case-control study. Heart 2004, 90, 859–865. [CrossRef]

9. Majoor, C.J.; Sneeboer, M.M.; de Kievit, A.; Meijers, J.C.; van der Poll, T.; Lutter, R.; Bel, E.H.; Kamphuisen, P.W. The influence of
corticosteroids on hemostasis in healthy subjects. J. Thromb. Haemost. 2016, 14, 716–723. [CrossRef]

10. Brotman, D.J.; Girod, J.P.; Posch, A.; Jani, J.T.; Patel, J.V.; Gupta, M.; Lip, G.Y.; Reddy, S.; Kickler, T.S. Effects of short-term
glucocorticoids on hemostatic factors in healthy volunteers. Thromb. Res. 2006, 118, 247–252. [CrossRef]

11. Jilma, B.; Cvitko, T.; Winter-Fabry, A.; Petroczi, K.; Quehenberger, P.; Blann, A.D. High dose dexamethasone increases circulating
P-selectin and von Willebrand factor levels in healthy men. Thromb. Haemost. 2005, 94, 797–801. [CrossRef]

12. Perry, C.G.; Spiers, A.; Cleland, S.J.; Lowe, G.D.; Petrie, J.R.; Connell, J.M. Glucocorticoids and insulin sensitivity: Dissociation of
insulin’s metabolic and vascular actions. J. Clin. Endocrinol. Metab. 2003, 88, 6008–6014. [CrossRef] [PubMed]

13. Hartmann, J.; Hermelin, D.; Levy, J.H. Viscoelastic testing: An illustrated review of technology and clinical applications. Res.
Pract. Thromb. Haemost. 2023, 7, 100031. [CrossRef] [PubMed]

14. Coelho, M.C.; Vieira Neto, L.; Kasuki, L.; Wildemberg, L.E.; Santos, C.V.; Castro, G.; Gouvea, G.; Veloso, O.C.; Gadelha, T.;
Gadelha, M.R. Rotation thromboelastometry and the hypercoagulable state in Cushing’s syndrome. Clin. Endocrinol. 2014,
81, 657–664. [CrossRef] [PubMed]

15. Swiatkowska-Stodulska, R.; Skibowska-Bielinska, A.; Wisniewski, P.; Sworczak, K. Activity of selected coagulation factors in
overt and subclinical hypercortisolism. Endocr. J. 2015, 62, 687–694. [CrossRef] [PubMed]

16. Kastelan, D.; Dusek, T.; Kraljevic, I.; Aganovic, I. Hypercoagulable state in Cushing’s syndrome is reversible following remission.
Clin. Endocrinol. 2013, 78, 102–106. [CrossRef]

17. van der Pas, R.; de Bruin, C.; Leebeek, F.W.; de Maat, M.P.; Rijken, D.C.; Pereira, A.M.; Romijn, J.A.; Netea-Maier, R.T.; Hermus,
A.R.; Zelissen, P.M.; et al. The hypercoagulable state in Cushing’s disease is associated with increased levels of procoagulant
factors and impaired fibrinolysis, but is not reversible after short-term biochemical remission induced by medical therapy. J. Clin.
Endocrinol. Metab. 2012, 97, 1303–1310. [CrossRef]

18. Van Zaane, B.; Nur, E.; Squizzato, A.; Dekkers, O.M.; Twickler, M.T.; Fliers, E.; Gerdes, V.E.; Buller, H.R.; Brandjes, D.P.
Hypercoagulable state in Cushing’s syndrome: A systematic review. J. Clin. Endocrinol. Metab. 2009, 94, 2743–2750. [CrossRef]

19. Fatti, L.M.; Bottasso, B.; Invitti, C.; Coppola, R.; Cavagnini, F.; Mannucci, P.M. Markers of activation of coagulation and fibrinolysis
in patients with Cushing’s syndrome. J. Endocrinol. Invest. 2000, 23, 145–150. [CrossRef]

20. Patrassi, G.M.; Dal Bo Zanon, R.; Boscaro, M.; Martinelli, S.; Girolami, A. Further studies on the hypercoagulable state of patients
with Cushing’s syndrome. Thromb. Haemost. 1985, 54, 518–520. [CrossRef]

21. Dal Bo Zanon, R.; Fornasiero, L.; Boscaro, M.; Cappellato, G.; Fabris, F.; Girolami, A. Increased factor VIII associated activities in
Cushing’s syndrome: A probable hypercoagulable state. Thromb. Haemost. 1982, 47, 116–117.

22. Klosowski, P.; Swiatkowska-Stodulska, R.; Stodulski, D.; Kaszubowski, M.; Karaszewski, B.; Sworczak, K. Effect of Glucocorticoid
Administration in Intravenous Pulses on Selected Parameters of the Coagulation System. Int. J. Clin. Pract. 2022, 2022, 3144685.
[CrossRef]

23. van Zaane, B.; Nur, E.; Squizzato, A.; Gerdes, V.E.; Buller, H.R.; Dekkers, O.M.; Brandjes, D.P. Systematic review on the effect of
glucocorticoid use on procoagulant, anti-coagulant and fibrinolytic factors. J. Thromb. Haemost. 2010, 8, 2483–2493. [CrossRef]

24. Costallat, L.T.; Ribeiro, C.C.; Annichino-Bizzacchi, J.M. Antithrombin, protein S and protein C and antiphospholipid antibodies in
systemic lupus erythematosus. Sangre 1998, 43, 345–348. [PubMed]

25. Uddhammar, A.; Rantapaa-Dahlqvist, S.; Nilsson, T.K. Plasminogen activator inhibitor and von Willebrand factor in polymyalgia
rheumatica. Clin. Rheumatol. 1992, 11, 211–215. [CrossRef] [PubMed]

26. Poredos, P.; Poredos, P. Involvement of Inflammation in Venous Thromboembolic Disease: An Update in the Age of COVID-19.
Semin. Thromb. Hemost. 2022, 48, 93–99. [CrossRef]

27. Ericson-Neilsen, W.; Kaye, A.D. Steroids: Pharmacology, complications, and practice delivery issues. Ochsner. J. 2014, 14, 203–207.
28. Hellmann, P.H.; Bagger, J.I.; Carlander, K.R.; Hansen, K.B.; Forman, J.L.; Storling, J.; Chabanova, E.; Holst, J.; Vilsboll, T.; Knop, F.K.

No effect of the turmeric root phenol curcumin on prednisolone-induced glucometabolic perturbations in men with overweight
or obesity. Endocr. Connect. 2023, 12, e220334. [CrossRef] [PubMed]

29. Dahlback, B. Advances in understanding pathogenic mechanisms of thrombophilic disorders. Blood 2008, 112, 19–27. [CrossRef]
30. Mahmoodi, B.K.; Brouwer, J.L.; Ten Kate, M.K.; Lijfering, W.M.; Veeger, N.J.; Mulder, A.B.; Kluin-Nelemans, H.C.; Van Der Meer, J.

A prospective cohort study on the absolute risks of venous thromboembolism and predictive value of screening asymptomatic
relatives of patients with hereditary deficiencies of protein S, protein C or antithrombin. J. Thromb. Haemost. 2010, 8, 1193–1200.
[CrossRef]

https://doi.org/10.1378/chest.12-1446
https://doi.org/10.7326/0003-4819-141-10-200411160-00007
https://doi.org/10.1136/hrt.2003.020180
https://doi.org/10.1111/jth.13265
https://doi.org/10.1016/j.thromres.2005.06.006
https://doi.org/10.1160/TH04-10-0652
https://doi.org/10.1210/jc.2002-021605
https://www.ncbi.nlm.nih.gov/pubmed/14671204
https://doi.org/10.1016/j.rpth.2022.100031
https://www.ncbi.nlm.nih.gov/pubmed/36760779
https://doi.org/10.1111/cen.12491
https://www.ncbi.nlm.nih.gov/pubmed/24815846
https://doi.org/10.1507/endocrj.EJ14-0539
https://www.ncbi.nlm.nih.gov/pubmed/25971537
https://doi.org/10.1111/j.1365-2265.2012.04479.x
https://doi.org/10.1210/jc.2011-2753
https://doi.org/10.1210/jc.2009-0290
https://doi.org/10.1007/BF03343697
https://doi.org/10.1055/s-0038-1657887
https://doi.org/10.1155/2022/3144685
https://doi.org/10.1111/j.1538-7836.2010.04034.x
https://www.ncbi.nlm.nih.gov/pubmed/9868323
https://doi.org/10.1007/BF02207959
https://www.ncbi.nlm.nih.gov/pubmed/1617895
https://doi.org/10.1055/s-0041-1732372
https://doi.org/10.1530/EC-22-0334
https://www.ncbi.nlm.nih.gov/pubmed/36800259
https://doi.org/10.1182/blood-2008-01-077909
https://doi.org/10.1111/j.1538-7836.2010.03840.x


Biomedicines 2023, 11, 2052 14 of 14

31. Emmerich, J.; Rosendaal, F.R.; Cattaneo, M.; Margaglione, M.; De Stefano, V.; Cumming, T.; Arruda, V.; Hillarp, A.; Reny, J.L.
Combined effect of factor V Leiden and prothrombin 20210A on the risk of venous thromboembolism--pooled analysis of 8
case-control studies including 2310 cases and 3204 controls. Study Group for Pooled-Analysis in Venous Thromboembolism.
Thromb. Haemost. 2001, 86, 809–816.

32. Kerachian, M.A.; Cournoyer, D.; Harvey, E.J.; Chow, T.Y.; Neagoe, P.E.; Sirois, M.G.; Seguin, C. Effect of high-dose dexamethasone
on endothelial haemostatic gene expression and neutrophil adhesion. J. Steroid. Biochem. Mol. Biol. 2009, 116, 127–133. [CrossRef]
[PubMed]

33. Huang, L.Q.; Whitworth, J.A.; Chesterman, C.N. Effects of cyclosporin A and dexamethasone on haemostatic and vasoactive
functions of vascular endothelial cells. Blood. Coagul. Fibrinolysis 1995, 6, 438–445. [CrossRef] [PubMed]

34. Fish, R.J.; Neerman-Arbez, M. Fibrinogen gene regulation. Thromb. Haemost. 2012, 108, 419–426. [CrossRef] [PubMed]
35. Barettino, D.; Masia, S.; Monto, F.; Perez, P.; D’Ocon, P.; Moreno, L.; Muedra, V. Glucocorticoids as modulators of expression and

activity of Antithrombin (At): Potential clinical relevance. Thromb. Res. 2015, 135, 183–191. [CrossRef] [PubMed]
36. Molander, V.; Bower, H.; Frisell, T.; Askling, J. Risk of venous thromboembolism in rheumatoid arthritis, and its association with

disease activity: A nationwide cohort study from Sweden. Ann. Rheum. Dis. 2021, 80, 169–175. [CrossRef] [PubMed]
37. Colling, M.E.; Tourdot, B.E.; Kanthi, Y. Inflammation, Infection and Venous Thromboembolism. Circ. Res. 2021, 128, 2017–2036.

[CrossRef] [PubMed]
38. Wolberg, A.S.; Aleman, M.M.; Leiderman, K.; Machlus, K.R. Procoagulant activity in hemostasis and thrombosis: Virchow’s triad

revisited. Anesth. Analg. 2012, 114, 275–285. [CrossRef]
39. Quarterman, C.; Shaw, M.; Johnson, I.; Agarwal, S. Intra- and inter-centre standardisation of thromboelastography (TEG(R)).

Anaesthesia 2014, 69, 883–890. [CrossRef]
40. Woodhams, B.; Girardot, O.; Blanco, M.J.; Colesse, G.; Gourmelin, Y. Stability of coagulation proteins in frozen plasma. Blood

Coagul. Fibrinolysis 2001, 12, 229–236. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jsbmb.2009.05.001
https://www.ncbi.nlm.nih.gov/pubmed/19442730
https://doi.org/10.1097/00001721-199507000-00011
https://www.ncbi.nlm.nih.gov/pubmed/8589211
https://doi.org/10.1160/TH12-04-0273
https://www.ncbi.nlm.nih.gov/pubmed/22836683
https://doi.org/10.1016/j.thromres.2014.10.026
https://www.ncbi.nlm.nih.gov/pubmed/25466848
https://doi.org/10.1136/annrheumdis-2020-218419
https://www.ncbi.nlm.nih.gov/pubmed/33032998
https://doi.org/10.1161/CIRCRESAHA.121.318225
https://www.ncbi.nlm.nih.gov/pubmed/34110909
https://doi.org/10.1213/ANE.0b013e31823a088c
https://doi.org/10.1111/anae.12748
https://doi.org/10.1097/00001721-200106000-00002

	Introduction 
	Materials and Methods 
	Trial Design 
	Participants 
	Sample Size 
	Randomisation and Treatment 
	Procedures and Analyses 
	Outcomes 
	Statistical Analyses 

	Results 
	Primary Outcome 
	Secondary Outcomes 
	Ancillary Curcumin Analysis 
	Post-Hoc Power Calculation 

	Discussion 
	References

