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Abstract

Background

The use of combined oral contraceptives is associated with a 3- to 6-fold increased risk of venous 

thrombosis. This increased risk depends on the estrogen dose as well as the progestogen type 

of combined oral contraceptives. Thrombin generation-based activated protein C resistance (APC 

resistance) and sex hormone-binding globulin (SHBG) levels predict the thrombotic risk of a com-

bined hormonal contraceptive. Recently, a four-phasic oral contraceptive containing dienogest 

(DNG) and estradiol valerate (E2V) has been marketed. The aim of this study was to evaluate the 

thrombotic risk of the DNG/E2V oral contraceptive by comparing APC resistance by measuring 

normalized APC sensitivity ratios (nAPCsr) and SHBG levels in users of oral contraceptives con-

taining dienogest and estradiol valerate (DNG/E2V) and oral contraceptives containing levonorg-

estrel and ethinyl estradiol (LNG/EE). Methods: We conducted a single-center, randomized, open 

label, parallel-group study in 74 women using DNG/E2V or LNG/ EE, and measured nAPCsr and 

SHBG levels in every phase of the regimen of DNG/E2V. 

Results

During the pill cycle SHBG levels did not differ between DNG/E2V users and LNG/EE users. nAPCsr 

levels were overall slightly lower in DNG/E2V users than in LNG/EE users, mean difference 0.44 

(95% CI, 1.04 to 0.17) for day 2, 0.20 (95% CI, 0.76 to 0.37) for day 7, 0.27 (95% CI, 0.81 to 0.28) for 

day 24 and 0.34 (95% CI, 0.91 to 0.24) for day 26.

Conclusion

No statistical significant differences in nAPCsr and SHBG levels were found between users of the 

oral contraceptive containing DNG/E2V and LNG/EE, suggesting a comparable thrombotic risk.
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Introduction
Use of combined oral contraceptives is associated with a 3- to 6-fold increased risk of venous 

thrombosis. This increased risk depends on the estrogen dose as well as the progestogen-type of 

combined oral contraceptives (1). Socalled ‘high-dose’ combined oral contraceptives containing 

50 µg or more ethinyl estradiol (EE) are associated with a 2-fold higher risk of thrombosis than 

‘low-dose’ combined oral contraceptives containing 20–30 µg EE (2;3). Furthermore, combined 

oral contraceptives containing the progestogens gestodene (GTD), desogestrel (DSG), cyproterone 

acetate (CPA) or drospirenone (DRSP) increase the risk of venous thrombosis by a factor two com-

pared with combined oral contraceptives containing levonorgestrel (LNG) (1–10).

The differences in the risk of venous thrombosis can at least partially be explained by the dif-

ferent effects of various combined oral contraceptives on the resistance to activated protein 

C (APC) as measured with the thrombin generation-based APC resistance test, and quantified 

via a normalized APC sensitivity ratio (nAPCsr) (11–13). High nAPCsr indicates increased APC 

resistance, which is a risk factor for venous thrombosis (14). The thrombin generation-based APC 

resistance test has been validated in a case–control study by Tans et al. (14) and discriminates 

well between oral contraceptives with a high risk of venous thrombosis (i.e. containing GTD, DSG, 

CPA or DRSP) and oral contraceptives with a lower risk of venous thrombosis (i.e. containing LNG) 

(3;6;9–13;15).

Sex hormone binding globuline (SHBG) is another marker that differentiates between combined 

oral contraceptives with a high and low risk of venous thrombosis (15–19). SHBG is a carrier 

protein, which is produced in the liver and binds estrogen and testosterone (20). Estrogens cause a 

dose-related increase of SHBG, whereas progestogens induce a decrease of SHBG, which depends 

on both the dose and type of progestogen (21;22). The effect of a hormonal contraceptive on 

SHBG is the net result of the estrogenic effect of estradiol and the antiestrogenic effect of the 

progestogen, yielding the total estrogenicity of that hormonal contraceptive. This estrogenicity 

serves as a marker for the thrombotic risk of a hormonal contraceptive (15–18).

Recently, a new, four-phasic, combined oral contraceptive containing dienogest and estradiol 

valerate (Qlaira; Bayer Schering Pharma, Berlin, Germany) was marketed. Dienogest (DNG) is a 

progestogen derived from the estrane structure and has antiandrogenic and no androgenic prop-

erties (23). Estradiol valerate (E2V) is an ester of the natural female hormone 17ß-estradiol. The 

risk of venous thrombosis of this new oral contraceptive containing DNG/E2V is unknown.

In order to estimate this thrombotic risk we conducted a randomized controlled trial in which we 

compared APC resistance and SHBG levels during use of the four-phasic oral contraceptive con-

taining DNG/E2V with a monophasic oral contraceptive containing LNG/EE. Our hypothesis was 

that the new oral contraceptive containing DNG/E2V has comparable levels of nAPCsr and SHBG 

as the oral contraceptive containing LNG/EE. 
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Material and methods

Study design and participants

We conducted a single-center, randomized, open label, parallel-group study in Leiden, the  

Netherlands. Participants were recruited between May 2010 and January 2011 by advertis-

ing in local newspapers and in public and university buildings. The study was approved by the 

Medical Ethics Committee of the Leiden University Medical Center. The trial registration number 

is NTR2354. The study was sponsored by the Department of Clinical Epidemiology of the Leiden 

University Medical Center.

Eligible participants were women aged 18–35 years who were willing to use either one of the 

studied combined oral contraceptives. Exclusion criteria were contraindications for oral contra-

ceptive use as stated by the World Health Organization (24), pregnancy occurring up to 3 months 

before the study, use of anticoagulants or platelet aggregation inhibitors, and chronic or serious 

acute illness.

Participants were randomly assigned in a 1:1 ratio to either the four-phasic combined oral con-

traceptive containing DNG/E2V or the mono-phasic combined oral contraceptive containing LNG/

EE. The four-phasic DNG/E2V contraceptive pill contains no DNG and 3 mg E2V on days 1–2, 2 

mg DNG and 2 mg E2V on days 3–7, 3 mg DNG and 2 mg E2V on days 8–24, no DNG and 1 mg 

E2V on days 25–26 and a placebo on days 27–28 of the cycle. The mono-phasic LNG/EE contra-

ceptive pill contains 150 µg LNG and 30 µg EE on days 1–21 and was not taken on days 22–28. 

Participants used the contraceptives according the prescription for three consecutive cycles and 

all started on the first day of their menstrual cycle. After inclusion, women completed a standard-

ized questionnaire covering questions on risk factors for venous thrombosis.

Randomization was done by a computer-generated random allocation sequence. The treatment 

allocation sequence was concealed by sequentially numbered, opaque, sealed and stapled enve-

lopes. The envelopes were kept by an independent person at a central office, outside of the 

department and not involved in the study. After inclusion of a participant by the researcher, the 

first following numbered envelope was opened at the central office; on the card inside was 

described whether the patient was randomized to the LNG/EE group or the DNG/E2V group. This 

information was given to the researcher and participant, and was sent to the pharmacy to provide 

the medication. Researchers and allocated participants were aware of the allocated arm; labora-

tory technicians were kept blinded to the allocation. 

Eighty-eight participants were included (Fig. 1). Nine participants abandoned the trial before 

completion, of whom four participants discontinued because of side effects, two participants did 

not want to use an oral contraceptive anymore, two participants were lost to followup and one 

participant used the oral contraceptive incorrectly. All these participants abandoned the trial 

before the blood draws in the third cycle of use. Three participants turned out to be carriers of the 

factor V Leiden (FVL) mutation, and two participants were carriers of the prothrombin mutation 
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and were therefore excluded. The analysis was performed according to the per protocol principal, 

because we only want to use data during use of the contraceptive and missing data cannot be 

replaced. The number of participants who were lost to follow-up is balanced in both groups. In 

our final analysis, we used the data of 74 participants: 35 users (47%) of DNG/E2V and 39 users 

(53%) of LNG/EE.

Fig. 1. Flow diagram of exclusions.

Enrollment

Allocated to LNG/EE (n = 45)

Received allocated intervention (• n = 45)

Allocated to DNG/E2V (n = 43)

Received allocated intervention (• n = 43)

Allocation

Lost to follow-up (n = 2)

Discontinued due to side effects (• n = 2)

Lost to follow-up (n = 6)

Did not come to appointments (• n = 2)

Due to side effects (• n = 2)

Due to incorrect use (• n = 1)

Did not want to use OC anymore (• n = 2)

Follow-up

Excluded from analysis (n = 4):

Due to Factor V Leiden mutation (• n = 3)

Due to Prothrombin mutation (• n = 1)

Total excluded from analysis (n = 6)

Analyzed (n = 39)

Excluded from analysis (n = 1):

Due to Factor V Leiden mutation (• n = 0)

Due to Prothrombin mutation (• n = 1)

Total excluded from analysis (n = 8)

Analyzed (n = 35)

Analysis

Randomized (n = 88)
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Laboratory methods

The primary outcomes were APC resistance measured by the thrombin-generation-based APC 

resistance test resulting in normalized APC sensitivity ratios (nAPCsr) and SHBG levels during 

the third month of use. According to two studies of Wiegratz et al. , SHBG levels are stable after 

1 month of use (25;26). Blood samples were taken at inclusion and on days 2, 7, 24 and 26 in 

the third month of use. There was no wash out period. The blood samples were drawn from the 

antecubital vein in a fasting state in the morning and collected in 0.106 M sodium citrate (pH 5.8) 

and SST tubes (serum) (Becton, Dickinson and Company, Franklin Lakes, NJ, USA). Cell-free, citrated 

plasma was prepared by centrifuging blood at 2.100 g for 10 min at 18 °C, coded and centrally 

stored at 80 °C within 3 h after blood draw.

APC resistance was measured with the thrombin generation-based APC resistance test as 

described before (13).

SHBG (nM) was measured in serum with an immunometric assay (Immulite 2000 XPi; Siemens 

Healthcare Diagnostics, Tarrytown NY, USA). The sensitivity is 0.2 nM and has a long-term varia-

tion of 6% at both levels of 5 and 80 nM. The within-assay variation is 3–4% and the between-

assay variation 3.5 to 6%. 

After finishing the collection of blood samples the presence of the factor V Leiden mutation and 

the prothrombin G20210A mutation were measured in one run by DNA analysis. Carriers of a 

mutation were excluded.

Statistical analysis

Thirty-six participants had to be included in each group to detect a difference in nAPCsr of 0.52, 

which was previously observed between oral contraceptives containing levonorgestrel and des-

ogestrel (27) and considered relevant. We used a significance level of 0.05, a power of 80% and 

an anticipated dropout rate of 10%. 

We used means, mean differences, 95% confidence intervals and ranges to describe variables. We 

calculated P-values by performing t-tests and chi-squared tests to evaluate whether baseline 

characteristics were well balanced between the groups. A multivariate analysis was performed 

to investigate whether baseline characteristics had an influence on the outcomes. We performed 

t-tests to calculate mean differences of nAPCsr and SHBG levels between users of DNG/E2V and 

users of LNG/EE, separately calculated for the different phases of DNG/ E2V. We constructed bar 

diagrams to compute the figures. No interim analyses were performed. Statistics were computed 

using SPSS for Windows, version 20.0 (SPSS Inc., Chicago, IL, USA).
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Results

There were no differences in BMI, age and smoking habits between DNG/E2V users and LNG/

EE users, as shown in Table 1. There were no participants with thrombophilia, diabetes mellitus, 

history of venous thrombosis or other cardiovascular diseases and no participants used drugs on 

a regular basis (data not shown). A multivariate analysis including the variables age, BMI, smoking 

habit and family history shows that the outcome cannot be explained by differences in these 

variables (data not shown).

Over 93% of all participants used an oral contraceptive at the time of inclusion. Almost 80% of 

these oral contraceptives were second-generation pills containing LNG. No participants used an 

intrauterine device (IUD) or vaginally or transdermally administered contraceptives before inclu-

sion. One participant used a hormonal implant before inclusion, which was removed before start 

of participation.

Table 1: Baseline characteristics 

LNG/EE DNG/E2V P-value

N (%) 39 (53) 35 (47) -

Age, years (range) 22.7 (19–31) 21.9 (18–32) 0.43

BMI, kg/m2 (range) 22.1 (18–30) 22.3 (19–28) 0.59

Smoking (%) 0.76

    Non-customer 33 (84.6) 28 (80.0)

    Current 4 (10.3) 4 (11.4)

    Past 2 (5.1) 3 (8.6)

Contraceptive before study, n (%) 0.31

    None 2 (5.1) 2 (5.7)

    Oral contraceptive 36 (92.3) 33 (94.3)

        2nd generation 32 (82) 23 (65.7)

        3rd generation 1 (2.6) 0

    DRSP 1 (2.6) 4 (11.4)

    CPA 0 3 (8.6)

    DNG 0 1 (2.9)

    Unknown 2 (5.1) 2 (5.7)

    Implant 1 (2.6) 0

    IUD 0 0

    Transdermal/vaginal 0 0

History of venous
thrombosis, n

0 0 N/A

Family history of venous  
thrombosis, first degree, n (%)

2 (5.1) 2 (5.1) 0.62
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SHBG levels and nAPCsr in DNG/E2V users and in LNG/EE users

During the pill cycle SHBG levels did not differ between DNG/E2V users and LNG/EE users, as 

shown in Table 2 and Fig. 3.

nAPCsr levels were overall lower in DNG/E2V users than in LNG/EE users, mean difference 0.44 

(95% CI, 1.04 to 0.17) for day 2, 0.20 (95% CI, 0.76 to 0.37) for day 7, 0.27 (95% CI, 0.81 to 0.28) for 

day 24 and 0.34 (95% CI, 0.91 to 0.24) for day 26 (Table 2 and Fig. 2).

SHBG levels and nAPCsr within the cycle

The nAPCsr did not differ during the pill cycle in users of LNG/EE and DNG/E2V (Fig. 2). 

In DNG/E2V users as well as in LNG/EE users SHBG levels were lower at the beginning of the pill 

cycle than at the end of the pill cycle (Fig. 3).

For LNG/EE users, the mean difference in SHBG was 7.10 nM (95% CI, 4.79 to 18.97) between days 

2 and 7, 23.53 nM (95% CI, 10.41 to 36.65) between days 7 and 24 and 1.51 nM (95% CI, 11.78 to 

14.81) between days 24 and 26.

For DNG/E2V users, the same pattern was observed: the mean difference in SHBG was 7.91 nM 

(95% CI, 3.48 to 19.30) between days 2 and 7, 33.44 nM (95% CI, 18.57 to 48.31) between days 7 

and 24 and 2.79 nM (95% CI, 13.00 to 18.59) between days 24 and 26.

Overall, the mean difference in SHBG between days 2 and 26 was 32.14 nM (95% CI, 20.10 to 

44.20) for LNG/ EE users, and 44.15 nM (95% CI, 31.57 to 56.72) for DNG/E2V users.

 

Table 2: Means, mean differences and confidence intervals of SHBG levels and nAPCsr at different phases 
in DNG/E2V compared with LNG/EE

SHGB (nM) nAPCsr

Phase Pill Contents Mean MD 95% CI Mean MD 95% CI
Phase 1, day 2 LNG/EE EE 30 μg, LNG 150 μg, 50.87 Ref –11.47 to 10.39 3.26 Ref 1.04 to 0.17

DNG/E2V E2V 3 mg 50.33 –0.54 2.83 –0.44

Phase 2, day 7 LNG/EE EE 30 μg, LNG 150 μg 57.96 Ref –12.37 to 12.94 3.30 Ref 0.76 to 0.37

DNG/E2V E2V 2 mg, DNG 2 mg 58.24 –0.28 3.11 –0.20

Phase 3, day 24 LNG/EE Pill-free interval 81.49 Ref –5.15 to 25.53 3.23 Ref 0.81 to 0.28

DNG/E2V E2V 2 mg, DNG 3 mg 91.68 10.19 2.97 –0.27

Phase 4, day 26 LNG/EE Pill-free interval 83.00 Ref –2.31 to 25 3.21 Ref 0.91 to 0.24

DNG/E2V E2V 1 mg 94.47 11.47 2.88 –0.34



93

Resistance to APC and SHBG levels during use of a four-phasic oral contraceptive containing 
dienogest and estradiol valerate: a randomized controlled trial

Fig. 2. Mean nAPCsr levels (ratio) and 95% confi dence intervals during use of LNG/EE and DNG/E2V, 
subdivided by cycle day.

Fig. 3. Mean SHBG levels (nM/L) and 95% confi dence intervals during use of LNG/EE and DNG/E2V, 
subdivided by cycle day. 
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Discussion
In this randomized controlled trial on the effects of a four-phasic oral contraceptive containing 

DNG/E2V and a mono-phasic oral contraceptive containing LNG/EE on APC resistance and SHBG, 

we observed no significant differences between the two oral contraceptives. During the cycle, 

SHBG levels increased gradually in both DNG/ E2V users and in LNG/EE users. No difference in 

APC resistance was observed during the cycle.

The thrombin generation-based APC resistance test used in this study predicts the risk of venous 

thrombosis and discriminates well between oral contraceptives with a high and low thrombotic 

risk (14). SHBG is a marker that differentiates between combined oral contraceptives with a high 

and low risk of venous thrombosis (15–19). In our study we did not observe a difference in APC 

resistance and SHBG levels between a new oral contraceptive containing DNG/E2V and a low-risk 

combined oral contraceptive containing LNG/EE. These findings suggest that DNG/E2V and LNG/

EE have a comparable thrombotic effect and risk of venous thrombosis. However, clinical studies 

assessing the absolute and relative risk of venous thrombosis in women using DNG/E2V are indi-

cated to confirm this.

Our study is the first clinical, independent trial in which a group with representative sample size 

was randomized between LNG/EE and DNG/E2V. Two studies sponsored by the manufacturer that 

were published during the preparation of our manuscript show lower nAPCsr and SHBG levels for 

DNG/E2V compared with LNG/EE. Klipping et al. (28) conducted a randomized, open label, cross-

over study of DNG/E2V and monophasic LNG/EE and observed lower nAPCsr and lower SHBG 

levels in 25 users of DNG/E2V than in 25 users of LNG/EE. Junge et al. (29) performed a random-

ized, open label study and also observed less pronounced SHBG levels in 30 users of DNG/E2V 

than in 28 users of triphasic LNG/EE. In our study, nAPCsr levels were overall lower in users of 

DNG/E2V, but the differences were not statistically significant. Based on the results of these three 

studies, it can be stated that DNG/E2V does not lead to a more thrombogenic state compared 

with LNG/EE.

E2V seems to have a favorable effect on thrombotic markers compared with EE. The oral  

contraceptive used in our study containing DNG/E2V is the first marketed combined oral contra-

ceptive containing E2V. Before, most combined oral contraceptives contained EE as an estrogen  

compound. In a study by Wiegratz et al. (25) users of oral contraceptives containing 2 mg DNG and  

20 µg EE had higher SHBG levels than users of oral contraceptives containing 100 µg LNG and 20 µg  

EE. In our study no differences in SHBG were observed between users of DNG/E2V and LNG/EE. 

No studies that assessed the effect of DNG/EE on nAPCsr have been conducted and no studies 

assessing the risk of venous thrombosis due to combined oral contraceptives containing E2V as 

estrogen content have been performed. 

During the cycle, increasing SHBG levels were observed, even in the pill-free interval of users of 

LNG/ EE. This is in agreement with other studies. Devineni et al. (30) observed increasing SHBG  

levels during the cycle in users of the contraceptive patch containing norelgestromin and EE, and 

users of the combined oral contraceptive containing norgestimate and EE. Wiegratz et al. (25) 
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observed increasing SHBG levels throughout the cycle during use of four different combined oral 

contraceptives. As the biological half-life of SHBG is supposed to be around 2–4 days, this can be 

explained by decreasing levels of SHBG, which do not reach baseline levels during the pill-free 

interval. This indicates that the cyclic variability of SHBG during use of oral contraceptives should 

be taken into account in future studies; SHBG should be measured at the same moment in the 

cycle to prevent bias caused by increasing SHBG levels throughout the cycle.

Some potential limitations need to be addressed. Caution is required when surrogate markers 

are used, as they can be severely misleading (31). Preferably, a surrogate marker is validated in 

a prospective trial. nAPCsr is a validated surrogate marker; SHBG is not validated yet, but is a 

recommended measurement before marketing of a new hormonal contraceptive by the European 

Medicines Agency (EMA). In the case of very rare events, such as venous thrombosis during com-

bined hormonal contraceptive use, a clinical study is almost unfeasible before marketing, due to 

the required number of participants (24;32).

Remarkably, no increasing nAPCsr levels were observed throughout the cycle and there was no 

correlation found between SHBG levels and nAPCsr levels (data not shown). In previous studies,  

a correlation between SHBG and nAPCsr was observed in users of hormonal contraceptives 

(15;19). This might be explained by the sample size of our study, which is probably too small to 

demonstrate a correlation.

In conclusion, we found similar SHBG levels and APC resistance in users of DNG/E2V and LNG/EE- 

containing oral contraceptives, which suggests a similar thrombotic risk for both oral contracep-

tives. Since oral contraceptives containing DNG/EE causes a stronger rise in SHBG levels, the 

similar effects found in this study might be explained by a favorable effect of E2V compared with 

EE. Future studies are indicated to assess whether E2V and EE have different effects on hemo-

static and other parameters and on the risk of venous thrombosis. Epidemiological studies are 

needed to confirm the hypothesis that DNG/E2V and LNG/EE are equally safe regarding the risk 

of venous thrombosis. 
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