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Abstract
Introduction: Contraceptives containing ethinylestradiol (EE) induce changes in 
the coagulation system and are associated with a risk of venous thromboembolism. 
However, studies comparing the effects of combined oral contraceptives contain-
ing EE and low- potency estrogens (ie, estradiol [E2] and estradiol valerate [EV]) on 
coagulation biomarkers are limited. This study represents secondary outcomes of a 
randomized trial comparing combined oral contraceptives containing EV + dienogest 
(DNG), EE + DNG, and DNG alone on selected coagulation biomarkers. We could com-
pare the specific effects of the different estrogen components owing to the inclusion 
of preparations containing the same progestin.
Material and methods: We enrolled 59 healthy, 18-  to 35- year- old, non- smoking 
women, of whom three discontinued. The participants were randomly allocated 
to 9 weeks of continuous treatment with EV 2 mg + DNG 2– 3 mg (n = 20), EE 
0.03 mg + DNG 2 mg (n = 20), or DNG 2 mg (n = 19). Blood samples were collected at 
baseline and after 9 weeks. We assessed coagulation in vitro by thrombin generation 
using the Calibrated Automated Thrombogram. Thrombin generation was evaluated 
by lag time, time to thrombin peak, thrombin peak, and endogenous thrombin po-
tential in response to tissue factor (1 pm). In vivo coagulation assessment was based 
on levels of prothrombin fragment 1 + 2 (F1 + 2) (thrombin generation) and D- dimer 
(fibrin turnover). Clinical trial registration: NCT02352090.
Results: Lag time and time to thrombin peak remained unaltered after exposure to 
EV + DNG, whereas EE + DNG shortened both lag time (mean percentage change 
−24%, 95% confidence interval [CI] −32% to −15%; p < 0.01) and time to thrombin 
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1  |  INTRODUC TION

The use of combined oral contraceptives (COCs) is a well- established 
risk factor for venous thromboembolism (VTE), increasing the risk 
two-  to four- fold compared with non- use.1 In COCs, the estrogen 
component, mainly ethinylestradiol (EE), induces a hypercoagulative 
state, and progestins seem to modify the overall effect depending on 
androgenic activity.2 Also, the risk of VTE appears dose- dependent 
on EE and varies according to the progestin component.3

COCs containing low- potency estrogens, ie, estradiol (E2) 
and estradiol valerate (EV), have been developed to reduce 
the effects on the coagulation system and lower the VTE risk. 
Indeed, the changes induced in the coagulation system by COCs 
containing E2/EV appear comparable to or even lower than the 
changes induced by EE + levonorgestrel (LNG),4– 8 a second- 
generation COC acknowledged for carrying the lowest VTE risk.1 
Accordingly, prospective surveillance studies have reported 
similar VTE risk for E2/EV containing COCs and EE + LNG.9,10 
Moreover, a recent epidemiological study from Finland revealed 
an unaltered risk of VTE associated with the use of E2/EV- based 
COCs.11 Nevertheless, COCs containing E2/EV remain sparsely 
studied, and previous comparative studies of EE vs E2/EV in 
COCs have mainly included preparations with different progestin 
types, making it difficult to evaluate the specific impact of the 
substitution of EE with E2/EV.

Measurement of in vitro thrombin generation can be used to 
evaluate both hypo-  and hypercoagulative states,12 and it appears 
to be a surrogate marker of VTE risk.13,14 Thrombin generation re-
flects the overall balance of the coagulation system and EE- based 
COCs,15,16 as well as other hypercoagulative states, such as preg-
nancy17 and the use of postmenopausal hormone therapy,18 are re-
ported to increase thrombin generation.

We have recently completed a randomized trial comparing 
the metabolic effects of COCs containing EV + dienogest (DNG), 
EE + DNG, and DNG alone (included as an active control).19– 21 In 
the present study, to assess the impact of COCs on blood coagula-
tion and explore possible differences between these preparations, 
we analyzed thrombin generation (with the Calibrated Automated 
Thrombogram, CAT)12 under experimental conditions sensitive for 
detecting hypercoagulability induced by COC use.22 We comple-
mented this in vitro assay with specific biomarkers of in vivo coag-
ulation activity— prothrombin fragment 1 + 2 (F1 + 2) and D- dimer, 
previously shown to be enhanced by the exposure to COCs con-
taining EE.23 Our purpose for including preparations with the same 
progestin was to enable a comparison of the specific effects of the 
estrogen components on the coagulation variables.

2  |  MATERIAL AND METHODS

The present study reports secondary outcomes from our ran-
domized clinical trial, previously described in detail24 and con-
ducted between April 2015 and January 2018 at Helsinki and Oulu 
University Hospitals.

Foundation; Finska läkaresällskapet; 
Emil Aaltonen Foundation; University of 
Oulu Graduate School; The Academy of 
Finland; The Finnish Medical Association; 
The Sigrid Juselius Foundation; Helsinki 
University Hospital Research Funds; The 
Swedish Cultural Foundation

peak (−26%, 95% CI −37% to −16%; p < 0.01). EV + DNG induced lower thrombin peak 
and endogenous thrombin potential than EE + DNG (peak; +45%, 95% CI 22%– 67% vs 
+147%,95% CI 96%– 198%; p < 0.01, and endogenous thrombin potential; +26%, 95% 
CI 15%– 38% vs +64%, 95% CI 51%– 76%; p < 0.01). Median F1 + 2 levels remained un-
changed with EV + DNG (p = 0.22) but increased within normal ranges with EE + DNG 
(from 152 pmol/L, 95% CI 127– 206] pmol/L to 194 pmol/L, 95% CI 149– 250 pmol/L, 
p = 0.04). The within- group change in D- dimer levels was not significant in any of the 
groups. DNG alone did not affect these biomarkers.
Conclusions: Both in vitro and in vivo thrombin generation was lower after exposure 
to EV + DNG compared with EE + DNG. The lower thrombin generation measures 
after treatment with EV + DNG indicate less enhancement of coagulation poten-
tial and suggest that EV may be favorable to EE as a component of combined oral 
contraceptives.

K E Y W O R D S
coagulation, combined oral contraception, dienogest, estradiol valerate, thrombin generation

Key message

Continuous exposure to the combined oral contraceptive 
containing ethinylestradiol + dienogest enhanced in vitro 
thrombin generation compared with estradiol valerate + 
dienogest, suggesting that the substitution of ethinylestra-
diol with estradiol valerate in combined oral contracep-
tives may beneficially lower coagulation potential.
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Healthy women aged 18– 35 years were invited to participate. 
Inclusion criteria were normal weight (body mass index 19– 24.9 kg/
m2), regular menstrual cycle, normotension, and a 2- month washout 
from hormonal contraceptive use. Exclusion criteria were smoking, 
any chronic disease or regular medication, and any contraindication 
for combined hormonal contraceptive use, including known throm-
bophilia, previous VTE, or VTE in a first- degree relative.

The participants were randomly allocated in a 1:1:1 ratio into 
the three intervention groups: (1) EV 2 mg + DNG 2– 3 mg (Qlaira®, 
Bayer AG, four- phasic regimen; days 1– 2 EV 3 mg, days 3– 7 EV 
2 mg + DNG 2 mg, days 8– 24 EV 2 mg + DNG 3 mg, days 25– 26 EV 
1 mg, days 27– 28 placebo), (2) EE 0.03 mg + DNG 2 mg (Valette®, 
Jenapharm GmbH & Co. KG, days 1– 21 EE 0.03 mg + DNG 2 mg, 
days 22– 28 placebo), and (3) DNG 2 mg (Visanne®, Bayer AG, days 
1– 28 DNG 2 mg). We harmonized the preparations by eliminating 
the hormone- free interval (all placebo tablets) and removing the 
estrogen- only tablets (EV 3 mg and EV 1 mg) and one tablet contain-
ing EV 2 mg + DNG 2 mg from the EV + DNG preparation (leaving 
21 tablets/blister pack) (Table 1). The treatment regimen was con-
tinuous for 63 days. Blood samples were collected at baseline, on 
menstrual cycle days 1– 5 (the regimens were initiated the following 
day), and at 9 weeks (days 57– 63).

Venous blood samples were collected into tubes containing 3.2% 
trisodium citrate (0.109 m, 0.1 vol). Platelet- poor plasma was pre-
pared within 1 hour from blood collection by single centrifugation 
at 2500 g for 15 min at room temperature, split into aliquots, and 
stored at −70°C until analyzed. Plasma samples from 11 healthy, not 
age-  or sex- matched individuals were used as controls for the throm-
bin generation assay.

Thrombin generation was measured in platelet- poor plasma 
using CAT (including all reagents; Thrombinoscope) as previously 
described.12 The thrombin generation assay was performed in 96- 
well microtiter plates, where platelet- poor plasma (80 μL) was sup-
plemented with either inner method Calibrator or tissue factor (TF) 
- containing reagent (20 μL). Reagents comprised TF (1 pm) and phos-
pholipids (4 μm) in platelet- poor plasma (PPP Reagent Low). Thrombin 
generation was initiated by FluCA reagent mixture (20 μL). The anal-
ysis was carried out for a minimum of 60 minutes. The variables de-
rived from the assay were: lag time (corresponding to clotting time); 
time to thrombin peak (time to highest thrombin concentration); 
thrombin peak (highest thrombin concentration); and endogenous 
thrombin potential (ETP; area under the curve). Our laboratory is 

standardized for the CAT,25 but because of the technical challenges 
of the routine, we deviated from the protocol by centrifuging the 
samples only once. Analyses were performed at the Coagulation 
Disorders Research Unit in Biomedicum, Helsinki.

The F1 + 2 was analyzed by enzyme- linked immunosorbent assay 
(Enzygnost® F1 + 2, Siemens Healthcare Diagnostics Products 
GmbH). The manufacturer's reference range (5th to 95th centiles) 
was 69– 229 pmol/L. D- dimer was measured using an immune- 
turbidimetric assay (STA®- Liatest® D- Di Plus, Diagnostica Stago) 
with the STA- R Max® analyzer (Diagnostica Stago). The assay's de-
tection limit is 0.27 mg/L, and the working range is 0.27– 4.00 mg/L. 
These analyses were performed at The Finnish Red Cross Blood 
Service, Department of Hemostasis.

2.1  |  Statistical analyses

The sample size calculation was estimated by our study's primary 
outcome measure, a change in the whole- body insulin sensitivity 
index (the Matsuda Index), reported separately.24 Accordingly, to 
reach a power of 0.8 at the significance level of 0.05, we had to en-
roll 48 participants. To compensate for possible loss to follow up, we 
intended to enroll 60 women.

The intra- individual changes from baseline were calculated for 
all variables, and data are summarized as mean (with standard de-
viation [SD] or 95% confidence interval [CI]) or median (with range 
[min– max]) and mean percentage (%) changes from baseline (with 
95% CI). Means were also calculated for each time point during the 
thrombin generation assay (every 20 seconds) captured as thrombo-
grams (Figure 2). Lag time, time to thrombin peak, and F1 + 2 were 
log- transformed before the analysis because of their skewed distri-
bution (verified by Shapiro- Wilks test). The mean differences from 
baseline (the within- group change) of the thrombin generation vari-
ables were analyzed using the paired samples t tests. Furthermore, 
we used the Kruskal- Wallis test to compare EE + DNG, EV + DNG, 
and DNG- alone groups and Dunn's test for post hoc paired compar-
isons. Paired samples t test was used to analyze the within- groups 
change in F1 + 2, one- way analysis of variance for the between- 
groups comparison, and Tukey's post hoc test for paired compari-
sons. The corresponding tests for the change in D- dimer levels were 
Wilcoxon signed ranks tests, Kruskal- Wallis test, and Dunn test. 
Bonferroni corrections were used to adjust for multiple comparisons. 

Study group

Estrogen Progestin

Type and dose Days Dose Days

EV + DNG Estradiol valerate 2 mg 1– 21 Dienogest 2 mg 1– 5

Dienogest 3 mg 6– 21

EE + DNG Ethinylestradiol 0.03 mg 1– 21 Dienogest 2 mg 1– 21

DNG Dienogest 2 mg 1– 21

Note: Preparations were used continuously for 63 days (3 × 21 days).
Abbreviations: DNG, dienogest‚ EE, ethinylestradiol; EV, estradiol valerate.

TA B L E  1  Hormonal contents of the 
study preparations
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Statistical analyses were performed with SPSS Statistics 27 (IBM) 
and Graphpad prism 9.0 for Mac iOS (GraphPad).

2.2  |  Ethics statement

The study protocol was approved by the Independent Ethics com-
mittees of Helsinki and Oulu University Hospitals (reference number 
150/13/03/03/2014) on April 30, 2014. The study was prospectively 
registered at clini caltr ials.gov on January 27, 2015 (NCT 02352090). 
The registration is available at https://clini caltr ials.gov/ct2/show/
NCT02 352090. The initial participant enrollment took place in April 
2015. All women who enrolled signed an informed consent form.

3  |  RESULTS

We assessed 77 volunteer women (all white) for eligibility, of whom 
59 were randomized (Figure 1). After study completion, the sam-
ples were screened for activated protein C (APC) - resistance (Sta®- 
Staclot®- APC- R, Diagnostica Stago), and two cases of Factor V 
Leiden mutation were confirmed by DNA testing. Of the 59 women 
enrolled, 56 completed the study; three discontinued because of 
minor side effects (n = 1 mood changes, n = 1 general malaise, n = 1 
nonspecific minor side- effects), and the two carriers of Factor V 
Leiden mutation were excluded (n = 2) (Figure 1). Two samples for 
CAT and two others for F1 + 2 and D- dimer were discarded because 

of technical difficulties. The final numbers of participants analyzed 
for CAT were EV + DNG n = 18, EE + DNG n = 18, DNG n = 16, and 
for F1 + 2/D- dimer were EV + DNG n = 17, EE + DNG n = 18, DNG 
n = 17. Baseline clinical characteristics were comparable (Table 2).

Baseline thrombin generation data did not differ between the 
groups (Table 3) and were comparable to the measures from the 11 
controls (lag time p = 0.82, time to thrombin peak p = 26, throm-
bin peak p = 0.50, ETP p = 0.97). The comparative CAT results are 
shown in Figure 2. In the EV + DNG group, the mean lag time and 
time to thrombin peak did not change, whereas the mean throm-
bin peak increased (mean % change from baseline) by +45% (95% CI 
22%– 67%; p < 0.01) and ETP by +26% (95% CI 15%– 38%; p < 0.01). 
In the EE + DNG group, lag time and time to thrombin peak short-
ened by −24% (95% CI −32% to −15%; p < 0.01) and −26% (95% CI 
−37% to −16%; p < 0.01), whereas thrombin peak and ETP increased 
more than in the EV + DNG group, by +147% (95% CI 96%– 198%; 
p < 0.01) and +64% (95% CI 51%– 76%; p < 0.01), respectively. In 
contrast, all variables remained unchanged in the DNG group. The 
comparison between EV + DNG and EE + DNG was significant for all 
variables (lag time p = 0.02, time to thrombin peak p = 0.01, throm-
bin peak p < 0.01, and ETP p < 0.01) (Figure 2). Similarly, the com-
parisons between EE + DNG and DNG- alone groups were significant 
(all variables, p < 0.01), whereas the comparisons between EV + DNG 
and DNG- alone groups were not.

The mean change in levels of F1 + 2 in the EV + DNG (−6%, 95% 
CI −19% to 8%]; p = 0.22) and DNG- alone groups (−9%, 95% CI −20% 
to 4; p = 0.08) were non- significant. In contrast, F1 + 2 increased in 

F I G U R E  1  Flowchart of our 9- 
week randomized study comparing the 
effects of estradiol valerate + dienogest 
(EV + DNG), ethinylestradiol + dienogest 
(EE + DNG), and dienogest alone (DNG) on 
coagulation biomarkers.

Assessed for eligibility
N=77

    Excluded n=18

Inclusion criteria not met n=9
4 BMI > 24.9
2 blood samples not obtained
1 PCOS
1 anorexia nervosa
1 amenorrhea after assessment

Declined to participate n=9

Allocated to DNG
n=19

Received allocated
intervention n=19

Allocated to EE+DNG
n=20

Received allocated
intervention n=20

Enrollment

Allocated to EV+DNG
n=20

Received allocated
intervention n=20

Randomization

Allocation

Follow-up 

Lost to follow-up n=0

Discontinued intervention 
n=0 

Lost to follow-up n=0

Discontinued intervention 
n=1(minor non-specific

side effects)

Lost to follow-up n=0

Discontinued intervention 
n=2 (1 general malaise, 1

mood svings)

Completed n=17
Excluded from analysis 

n=0
Analyzed n=17

Completed n=19
Excluded from analysis 

n =0
Analyzed n=19

Completed n=20
Excluded from analysis 

n=2 (2 carriers of FV
Leiden mutation) 
Analyzed n=18

Analysis

Randomized 
N=59 

http://clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT02352090
https://clinicaltrials.gov/ct2/show/NCT02352090
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the EE + DNG group by +24% (95% CI 4%– 44%; p = 0.04) (Table 3). 
The EV + DNG vs EE + DNG and EE + DNG vs DNG comparisons 
were significant (p = 0.04 and p = 0.03, respectively), but the com-
parison between EV + DNG and DNG alone was not.

Most D- dimer values were at or below the detection limit (73% 
at baseline and 75% at 9 weeks), so we arbitrarily replaced all low 
values below 0.27 mg/L with 0.27 mg/L. From baseline, D- dimer 
levels changed by +2% (95% CI −14% to 19%) in the EV + DNG 
group, +13% (95% CI 3%– 28%) in the EE + DNG group and 2% (95% 
CI −4% to 0.4%) in the DNG alone group. The within- group differ-
ences from baseline were nonsignificant (Table 3). However, the dif-
ference across the groups was significant (p = 0.03), as well as the 
post hoc comparison EV + DNG vs EE + DNG (p = 0.04) (adjusted for 
multiplicity).

4  |  DISCUSSION

In this study, we found that all thrombin generation variables dif-
fered substantially between the EV + DNG and EE + DNG groups. We 
demonstrated enhanced thrombin generation response in plasma 
triggered by TF in the EE + DNG group compared with the EV + DNG 
group. Furthermore, treatment with EE + DNG increased F1 + 2 
compatible with enhanced thrombin generation in vivo. Additionally, 
treatment with DNG alone did not affect the coagulation biomark-
ers, aligning with studies on progestin- only contraceptives,and 
showing no relevant effects on blood coagulation or increased VTE 
risk.26,27

VTE is a multifactorial disease to which various environmental 
and genetic risk factors contribute. The enhancement of thrombin 
generation during COC use reflects increased coagulation potential 
without indicating immediate VTE risk. VTE is a rare event in young, 
healthy women that seldom occurs unprovoked, even during COC 
use. The enhanced coagulation potential during COC use could, how-
ever, indicate a lowered threshold for thrombosis under transient 
conditions, such as trauma, surgery, and prolonged immobilization, 
or further increase the VTE risk associated with inherent risk fac-
tors, such as advanced age,28 obesity,29 and genetic thrombophilia.30

Our results indicate that the estrogen component contributes 
to thrombin generation and show that EV- induced coagulation po-
tential is lower than that of EE at the present contraceptive doses. 

This is in line with the concept of estrogen potency, meaning that 
larger doses of E2 than EE are needed for the same clinical effect. 
However, the dose- equivalence is tissue- specific and depends on 
the end points. EE is a highly potent estrogen with high bioavail-
ability and long half- life, whereas the low potency estrogens, such 
as EV (an ester of naturally occurring E2) have low bioavailability 
and short half- life.31 The higher potency of EE is exemplified by 
the hepatic effects; EE exerts a 500-  to 600- fold upregulation of 
certain proteins compared with E2/EV.32 Our results could offer a 
biological basis for the results of recent prospective epidemiolog-
ical studies, where E2/EV- containing COCs carry similar or even 
lower VTE risk than EE + LNG, which carries low VTE risk.9,10 In 
the EE + LNG preparation, the androgenic LNG counteracts some 
of EE's hepatic effects, which could explain the low impact on the 
coagulation system.33

In addition to increased in vitro thrombin generation, exposure 
to EE + DNG activated in vivo thrombin generation compared with 
EV + DNG. Levels of F1 + 2 increased (within normal range) in the 
EE + DNG group, whereas in the EV + DNG group, F1 + 2 remained 
unaltered, in line with previous work.8 Excessive fibrin formation 
and degradation could be excluded in all study groups by low D- 
dimer levels without significant within- group effects. Whether the 
increase in F1 + 2 levels seen during use of EE- based COC is clinically 
significant is unclear because the values usually remain within nor-
mal ranges.

EE- containing COCs induce both pro-  and anticoagulant fac-
tors as well as fibrinolytic activity,34 culminating in increased 
thrombin generation (Figure 3), as shown here and previously 
under various assay conditions. In previous comparative studies, 
E2/EV- containing COCs have influenced several blood coagulation 
variables less than EE + LNG, including fibrinogen, antithrombin, 
protein S, and APC.4– 8 As the changes induced in the coagulation 
system by COCs manifest as an acquired APC resistance,2,16,35 
previous studies on COCs containing different estrogens have 
dealt with thrombin generation probing the APC pathway (ie, the 
ETP- based activated Protein C resistance test). Thrombin genera-
tion has also been triggered with a higher TF concentration (5 pm), 
which also renders the thrombin generation assays more sensitive 
for the APC pathway. Most, but not all,6 of these studies, have 
shown lower thrombin generation after exposure to COCs con-
taining E2/EV than EE + LNG.4,5,7,8

Variable EV + DNG EE + DNG DNG pa

Women, n 20 19 17

Age (y), mean (SD) 24.1 (3.6) 25.8 (3.8) 24.0 (3.9) 0.24

Weight (kg), mean (SD) 61.4 (5.8) 63.3 (4.5) 58.0 (7.1) 0.03

BMI (kg/m2), mean (SD) 22.4 (1.6) 23.1 (1.9) 21.9 (1.9) 0.13

WHR), mean (SD) 0.76 (0.04) 0.79 (0.05) 0.78 (0.03) 0.16

Abbreviations: BMI, body mass index; DNG, dienogest; EE, ethinylestradiol; EV, estradiol valerate; 
SD, standard deviation; WHR, waist- to- hip ratio.
aAnalyzed by one- way analysis of variance.

TA B L E  2  Baseline characteristics of the 
study participants
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To the best of our knowledge, the specific experimental con-
ditions of the present study have not previously been reported 
in a study comparing different estrogens as components of COC. 
Overall, thrombin generation reflects the balance of pro-  and an-
ticoagulant interactions upstream of thrombin beyond end point 
markers, with the main determinants at low TF being fibrino-
gen, Factor VII, antithrombin, and tissue factor pathway inhibi-
tor (TFPI). In general, low TF highlights the intrinsic coagulation 
pathway, whereas higher TF (5 pm) engages the extrinsic path-
way.22 We chose the low TF concentration (1 pm) to further ex-
plore the effects of the different COCs on thrombin generation, 
not only for its sensitivity for COC use,22 but also because the 
anticoagulant activity of the TFPI/protein S system is revealed 
at low TF concentrations.22 This is important because the mech-
anism of the acquired APC resistance associated with COC use 
seems to relate to impaired functions of the natural anticoagu-
lants TFPI/Protein S.36

Strengths of our study include its randomized design and the in-
clusion of DNG alone as an active control. All preparations contained 
the same progestin, thus allowing the assessment of the specific 
effects of the different estrogens. The DNG dose was higher (3 vs 
2 mg) in the EV + DNG group than in the other two groups for most 
of the study duration (51/63 days), but this should only have a lim-
ited impact because DNG as an antiandrogenic progestin is not ex-
pected to antagonize the hepatic effects of estrogens. Because DNG 
alone lacks indication for contraceptive use, our study had to be un-
blinded. Although the follow up was short, 9 weeks is long enough 
to demonstrate effects on blood coagulation. For instance, thrombin 
generation measures are already increased after the first week of 
COC use.15 However, conclusions on the potential long- term effects 
cannot be drawn.

Regarding the validity of our CAT results, it is known that fac-
tors such as race, age, sex, and the specific assay conditions applied 
contribute to large variation in thrombin generation measures. 

TA B L E  3  Effects of EV + DNG, EE + DNG, and DNG alone on thrombin generation, prothrombin fragment F1 + 2 and D- dimer

Variable Group

Reference Baselinea 9 Weeks % Change pb pc

n Mean (SD) Mean (SD) Mean (SD) Mean 95% CI

Lag timed(min) EV + DNG 18 5.6 (1.1) 5.68 (1.87) 5.29 (1.32) −3.2% −13.1 to 6.7 0.30 <0.01

EE + DNG 18 5.80 (1.81) 4.28 (1.10) −23.5% −31.8 to −15.1 <0.01

DNG 16 6.14 (1.84) 6.19 (1.47) 3.4% −6.6 to 13.5 0.67

Time to 
thrombin 
peakd (min)

EV + DNG 18 10.2 (1.5) 11.4 (2.9) 10.5 (2.6) −6.2% −13.7 to 1.2 0.80 <0.01

EE + DNG 18 11.5 (2.6) 8.3 (2.3) −26.2% −36.6 to −16.1 <0.01

DNG 16 12.3 (2.7) 12.0 (2.6) −0.8% −10.7 to 12.3 0.76

Thrombin peakd 
(nm)

EV + DNG 18 126 (37.5) 110.6 (45.1) 155.2 (71.7) 44.8% 22.4 to 67.2 <0.01 <0.01

EE + DNG 18 115.1 (45.8) 260.0 (90.9) 147.1% 95.9 to 198.4 <0.01

DNG 16 99.5 (32.6) 105.7 (39.7) 7.6% −12.1 to 27.3 0.71

ETPd (nM*min) EV + DNG 18 1038 (249.3) 1023 (253.7) 1262 (290.8) 26.4% 14.5 to 38.2 <0.01 <0.01

EE + DNG 18 1060 (185.9) 1704 (205.3) 63.9% 51.4 to 76.3 <0.01

DNG 16 1025 (157.6) 1098 (187.9) 7.1% −3.2 to 17.4 0.23

Normal values Median (range) Median (range)

Prothrombin 
F1 + 2 
(pmol/L)

EV + DNG 17 69– 229 pmol/L 156.2 (80.5– 246.9) 133.7 (80.0– 260.5) −5.5% −19.4 to 8.4 0.22 0.02

EE + DNG 18 151.7 (97.9– 313.7) 193.5 (125.4– 274.5) 24.1% 4.2 to 43.9 0.04

DNG 17 140.3 (83.1– 230.5) 125.6 (87.9– 205.4) −8.5% −20.4 to 3.5 0.08

D- dimer (mg/L) EV + DNG 17 <50 mg/L 0.28 (0.27– 0.48) 0.27 (0.27– 0.57) +2.4% −14.0 to 18.7 0.42 0.03

EE + DNG 18 0.27 (0.27– 0.74) 0.27 (0.27– 0.77) +12.6% −3.3 to 28.4 0.11

DNG 17 0.27 (0.27– 0.31) 0.27 (0.27– 0.27) −1.6% −3.6 to 0.4 0.25

Note: The thrombin generation reference values are from 11 healthy, not age-  or sex- matched individuals. Baseline values did not differ between 
study groups and controls (lag time p = 0.82, time to thrombin peak p = 0.26, thrombin peak p = 0.50, ETP p = 0.97).CAT variables were analyzed 
with paired samples t test and Kruskal- Wallis test, prothrombin fragment F1 + 2 with paired samples t test and one- way analysis of variance, and D- 
dimer with Wilcoxon signed ranks test and Kruskal- Wallis test. Statistically significant p- values (p < 0.05) are bolded.
Abbreviations: CAT, Calibrated Automated Thrombogram; DNG, dienogest; EE, ethinylestradiol; ETP, endogenous thrombin potential; EV, estradiol 
valerate; F1 + 2, prothrombin fragment 1 + 2; SD, standard deviation.
aBaseline values were comparable (p = 0.63 to p = – 0.86), except for D- dimer (EV + DNG vs DNG p = 0.02).
bp- value for the within- group change from baseline to 9 weeks (within- group treatment effect).
cp- value for the between- groups change from baseline to 9 weeks.
dVariables derived from the CAT.
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Hence, reference values would ideally be established for the spe-
cific populations investigated and for the assay conditions used. 
Recently, a new fully automated thrombin generation method with 
established reference ranges has been developed to minimize in-
ter-  and intra- assay variation.38 However, this method was not 
available for the present analyses. For the CAT, as population- 
based reference values are lacking, we used plasma samples from 
11 healthy, not age-  or sex- matched individuals to control for the 
assay. The women in the present study had small interindividual 
variation in baseline thrombin generation measures and showed 
consistent increases in thrombin generation from baseline values 
after the intervention, demonstrating an effect of COC use. The 
laboratory used is standardized for the CAT, but as the result of 
technical challenges of the routine in our large tertiary hospital, we 
deviated from the protocol by centrifuging the samples only once. 
The samples were collected and frozen at −70°C between 2015 
and 2018 and were analyzed in one batch in September 2020. The 

single- centrifugation and long storage time might have affected 
our results. However, the pre- analytical conditions were equal for 
the baseline and 9- week samples and the baseline results were 
comparable to the controls, indicating stability of the samples, and 
that the changes observed in thrombin generation were due to the 
interventions and not to pre- analytical factors.

The number of participants was somewhat limited, but the 
consistent results indicate a sufficient sample size for the com-
parisons between the EV + DNG and EE + DNG groups. However, 
the study may not be powered to detect differences between the 
EV + DNG and DNG- alone groups. In addition, the generalizabil-
ity of our results is limited owing to the strict inclusion criteria 
resulting in participant characteristics not necessarily reflecting 
typical COC users. Further studies should assess COCs contain-
ing low- potency estrogens in women with underlying VTE risk 
factors, for instance higher age, obesity, and polycystic ovary 
syndrome.

F I G U R E  2  Thrombin Generation. (A) The mean results of the calibrated automated thrombogram (CAT) at baseline and after 9 weeks of 
the study shown as thrombin generation curves. (a) estradiol valerate+diengoest (EV + DNG); (b) ethinylestradiol+dienogest (EE + DNG); (c) 
dienogest alone (DNG). The thrombin generation curves depict the formation and subsequent inactivation of thrombin (nm) over time (min) 
after initiation of coagulation with 1 pm tissue factor in the study groups. The variables include lag time, time to thrombin peak, thrombin 
peak, and endogenous thrombin potential (ETP), which refers to the area under the curve. The change from baseline was analyzed by paired 
samples t tests. Eleven healthy individuals (not age-  or sex- matched) were included in the plot as control. (B) The change from baseline in 
thrombin generation variables in the three study groups EV + DNG, EE + DNG, and DNG alone and comparisons between the groups. (a) Lag 
time; (b) time to thrombin peak; (c) thrombin peak; (d) ETP. The data are shown as boxplots (median and mean [+], interquartile range, min– 
max) and analyzed by Kruskal- Wallis test with post hoc paired comparisons (Dunn test). The EV + DNG vs DNG- alone comparison did not 
differ for any variable.

(a)

(a) (b) (c) (d)

(b) (c)
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5  |  CONCLUSION

Our results complement previous biomarker studies and show that 
9 weeks of continuous exposure to EV + DNG resulted in lower 
thrombin generation measures than EE + DNG. Furthermore, 
EV + DNG did not enhance in vivo thrombin generation in contrast to 
EE + DNG. We suggest that the inclusion of E2/EV in COCs could be 
beneficial because of the lowered coagulation potential compared 
with traditional COCs containing EE.
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