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Abstract

Objective: To evaluate the hemostatic profile of estetrol/drospirenone (E4/DRSP) compared with
ethinylestradiol/drospirenone (EE/DRSP) in adult women.

Methods: A systematic review and meta-analysis of randomized controlled trials (RCTs) was
performed according to PRISMA guidelines. Eligible studies compared E4/DRSP with EE/DRSP in
adult women and assessed coagulation, anticoagulation, or fibrinolytic markers. Three RCTs (n=183)
met inclusion criteria. Data were extracted independently, and pooled mean differences (MD) were
calculated using random-effects models.

Results: Compared to EE/DRSP, E4/DRSP was associated with higher protein S activity (MD = 21.23;
95% Cl: 11.83 to 30.64; p<0.00001) and lower levels of fibrinogen (MD = -24.17; 95% Cl: -39.15 to -9.19;
p=0.002), plasminogen (MD = -27.28; 95% Cl: -27.28 to — 22.89; p<0.00001), and SHBG (MD = -183.38;
95% Cl: -183.38; 95% Cl: -210.93 to -155.84; p<0.00001). No significant differences were observed for
D-dimer and antithrombin. Protein C activity was higher in the EE group, though this was an isolated
finding with limited interpretability.

Conclusion: E4/DRSP demonstrates a more favorable hemostatic profile than EE/DRSP, potentially
reducing thrombotic risk. Despite the limited number of RCTs, consistency across markers supports
E4 as a safer estrogenic component for contraceptive formulations, with implications for women at
increased risk of venous thromboembolism.

PROSPERO registry: #CRD420251074961
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Introduction

Combined oral contraceptives (COCs) is one of the most
widely used birth control methods worldwide, offering high
efficacy and additional non-contraceptive benefits, such
as hyperandrogenic treatment and dysfunctional uterine
bleeding.” However, their use is associated with an in-
creased risk of venous thromboembolism (VTE), primarily
due to estrogen-induced changes in hepatic synthesis of
coagulation and fibrinolysis proteins.2*

Ethinylestradiol (EE) is a synthetic derivative of
17B-estradiol, and it is the most widely used estrogen in
combined oral contraceptives (COCs). It exerts a strong
hepatic effect, stimulating the synthesis of procoagulant
proteins such as fibrinogen and sex hormone-binding
globulin (SHBG), while concurrently downregulating nat-
ural anticoagulants, including protein S.1® While Estetrol
(E4)is afetal estrogen with an unique tissue-selective ac-
tivity, and it has been emerging as a potential alternative
due to its reduced hepatic impact and favorable pharma-
cologic profile.t®

Although individual trials have reported favorable
hemostatic changes with estetrol-based contraceptives
compared to those containing ethinylestradiol, evidence
remains limited to a small number of randomized studies
with modest sample sizes. These trials suggest that estet-
rol combined with drospirenone (DRSP) may induce fewer
procoagulant shifts and preserve natural anticoagulant ac-
tivity when compared to EE/DRSP. However, until now, no
meta-analysis has systematically synthesized these data to
quantify the magnitude and consistency of estetrol's impact
on the coagulation cascade.

Given the widespread use of COCs and the clinical rel-
evance of minimizing thrombotic risk, we conducted a sys-
tematic review and meta-analysis to evaluate the effect of
E4/DRSP versus EE/DRSP on coagulation and fibrinolysis
parameters. We used the PICO framework: (P) adult wom-
en using combined oral contraceptives; (I) estetrol com-
bined with drospirenone (E4/DRSP); (C) ethinylestradiol
combined with drospirenone (EE/DRSP); and (O) changes
in hemostatic and fibrinolytic biomarkers, including pro-
tein S activity, protein C activity, antithrombin, fibrinogen,
plasminogen, D-dimer, and sex hormone-binding globulin
(SHBG).

Methods

Protocol

This systematic review and meta-analysis was performed
and reported in accordance with the Cochrane Collaboration
Handbook for Systematic Review of Interventions and the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) Statement guidelines.t®)
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Eligibility criteria

Inclusion in this meta-analysis was restricted to studies that
met all the following eligibility criteria: (1) randomized con-
trolled trials; (2) adult women (>18 years old) out of meno-
pause; (3) primary outcome evaluating coagulation markers;
(4) follow up with no restriction. We excluded studies with
(1) women with contraindications for the use of contracep-
tive steroids; (2) studies without a comparison group with
ethinylestradiol/drospirenone; (3) studies that do not evalu-
ate coagulation markers as an outcome; (4) studies without
a clear definition of the methods used to assess outcome. No
restrictions were applied regarding the language of publica-
tion or the duration of the follow-up period. The decision of
limiting our meta-analysis to RCTs is primarily driven by the
need to maximize the internal validity and reliability of your
findings, thereby strengthening the evidence base for clinical
recommendations or understanding causal relationships.

Search strategy and Data extraction

We systematically searched PubMed, Embase, and the
Cochrane Central Register of Controlled Trials from incep-
tion to June 2025 using the following search terms: ‘estet-
rol, ‘coagulation’, ‘d-dimer’, ‘thrombin’ and ‘hemostatic’ Full
search strategy for each database can be assessed through
Supplementary Material - Table 1S. The references from
all included studies, previous systematic reviews and me-
ta-analyses were also searched manually for any additional
studies. Two authors (M.J.L and J.M.F.) independently ex-
tracted the data following predefined search criteria and
quality assessment. No automated data extraction tools
were used. Disagreements were resolved through consen-
sus among the authors. The prospective meta-analysis pro-
tocol was registered on PROSPERO on June 16th, 2025, un-
der protocol #CRD420251074961.

Data synthesis

Data synthesis was conducted using a structured and pre-
defined approach. Two reviewers independently extracted
all relevant data, including study design, sample size, inter-
vention and comparator characteristics, and outcomes of
interest (hemostatic and fibrinolytic biomarkers). Extracted
data were cross-checked for accuracy before analysis.
Summary quantitative data were then pooled for meta-anal-
ysis using appropriate statistical models as described in
the statistical analysis section.

Endpoints and subgroup analysis

The primary outcome assessed was the alterations of coag-
ulation markers associating the use of combined oral con-
traceptive with E4/DRSP compared with the use of EE/DRSP.
We assessed coagulation markers evaluating anticoagulant
factors as antithrombin, protein C activity and protein S ac-
tivity, procoagulant factors as fibrinogen, fibrinolytic factors



Hemostatic safety profile of estetrol vs. ethinylestradiol in oral contraceptives: a systematic review and meta-analysis

as plasminogen, and markers for ongoing coagulation as
D-dimer. Three studies reported antithrombin, protein C ac-
tivity (PCa), protein S activity (PSa) and SHBG.*™ Two stud-
iesreported D-dimer, fibrinogen and plasminogen.®™

Quality assessment

We evaluated the risk of bias in randomized studies using
version 2 of the Cochrane Risk of Bias assessment tool (RoB
2).03 All assessments were independently performed by two
reviewers (M.J.L. and J.M.F.), and disagreements were resolved
through a consensus after discussing reasons for discrepancy.

Statistical analysis

Effect measures included standardized mean differenc-
es (SMDs) for continuous outcomes. In cases where con-
tinuous data were reported as medians with interquartile
ranges, the standard deviation was approximated using
validated statistical approaches recommended by the
Cochrane Handbook, assuming normal data distribution.
Heterogeneity was examined with the Cochran Q test, I2
statistic, and was considered significant if the p-value was
less than 0.10, the I statistic exceeded 25%. For this study,
we used DerSimonian and Laird random-effects model. To
assess the robustness of the results, we performed leave-
one-out sensitivity analyses. All statistical analyses were
conducted using Review Manager version 5.4 (The Cochrane
Collaboration, Copenhagen, Denmark].

Results

Study selection and baseline characteristics
The initial search yielded 189 results, of which 40 articles
were duplicate records, and 120 articles were deemed
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unrelated based on title or abstract review and were exclud-
ed. After removal of duplicate records and ineligible studies,
11 remained and were carefully reviewed based on inclusion
criteria. After evaluating inclusion and exclusion criteria, 3
randomized controlled trials were included in this system-
atic review and meta-analysis, comprising a total of 183
patients (Figure 1).5™ Of the total study population, 97 par-
ticipants (563%) received E4/DRSP, and 86 participants (47%)
received EE/DRSP. Two studies evaluated 15mg E4 with 3mg
DRSP.®Mn all studies, the control group received 20 pug EE
combined with DRSP, whereas one study evaluated 10mg E4
combined with 3mg DRSP as intervention.'® Oral treatment
was started on the first day of menstruation in all studies.®™
Study measurements were assessed by blood sample analy-
sis. Douxfils et al. (2020)® collected samples pre-treatment,
in the middle of cycle 3 and cycle 6. One study collected one
blood sample pre-treatment, at the final of cycle 1 and cy-
cle 3, and post-treatment cycle."™ Another study collected
blood samples pre-treatment, at the final of cycle 1and cycle
3. All blood was collected in a citrate tube.

The three RCT were conducted between 2017 and
2024. Sample sizes ranged from 32 to 82 women per study.
Participants were young reproductive-age women, with
mean ages ranging from 23.8 to 34.9 years and mean BMI be-
tween 20.8 and 22.9 kg/m?. Treatment duration varied from
120 to 180 days. While all studies assessed core hemostatic
parameters such as antithrombin, protein C activity, protein
S activity, and SHBG, only two studies reported fibrinogen,
plasminogen, and D-dimer. Detailed study characteristics
are summarized in Table 1.

Pooled analysis of included studies
When evaluating individual anticoagulant parameters,
E4/DRSP consistently showed a more favorable profile

Assessment of studies for eligibility
5 Records identified from data
2 -
o bases (n = 1239] Records removed before screening:
& + Pubmed: n =58 > + Duplicated reports (n = 40)
E=} «Embase:n =95
é « Cochrane: n =36
Records excluded due to:
Records screened « Excluded by title/abstract (n =120)
——) . =
= (n=149) « Wrong population (n =10)
s » Wrong intervention (n = 8)
?-’ l
(<]
»
Excluded due to the lack of outcomes
Full-text reviewed (n = 11) e 4 ofinterest (n = 8)
Studies included in review (n = 3)

Figure 1. PRISMA flow diagram of study screening and selection

Rev Bras Ginecol Obstet. 2026;48:e-rbgo27. 3



Hemostatic safety profile of estetrol vs. ethinylestradiol in oral contraceptives: a systematic review and meta-analysis

Lemos MJ, Ferraz JM, Queiroz LF, Diniz AF, Silva CM, Santos PL, et al.

Table 1. Baseline characteristics of included studies

Author Year  Study Patients (n) Age (years) BMI* (kg/m2) Followup Outcome measures
design Intervention/control Mean+SD (total) Mean+SD
(Intervention/ Control)
Douxfils et al.t® 2020 RCT" 38/31 26.247.25 22.85+2.925 180 days AT®, D-dimer, Fibrinogen, Plasminogen, PCa¥ PSa% SHBG*
Kluft et al.0” 2017  RCT" 1517 23.8+3.76 22.92+2.925 120days  AT®, PCa® PSa% SHBG*
Kobayashietal.™ 2024 RCT" 44/38 34.9+7.61 20.764+2.440 120 days AT®, D-dimer, Fibrinogen, Plasminogen, PCa¥, PSa& SHBG*

©AT: Antithrombin Activity; “BMI: Body Mass Index; *PCa: Protein C Activity; “PSa: Protein S Activity; "RCT: Randomized Controlled Trial; *SHBG: Sex Hormones Binding Globulin.

Footnotes
2Cl calculated by Wald-type method.
*Tau? calculated by Restricted Maximum-Likelihood method.

Heterogeneity: Tau? (REML®) = 53.67; Chi? = 7.73, df = 2 (P = 0.02); I = 79%

E4/DRSP EE/DRSP Mean difference Mean difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Douxfils 2020 90.7612 13.3427 38 75.0503 13.3901 31 359% 15.71[9.37,22.05] -
Kluft 2017 105.541 17.1758 15 73.3615 10.5089 17 28.8% 32.18[22.15,42.20] —a—
Kobayashi 2024 91.3 15.48 44 73.4 15.36 38 35.3% 17.90[11.21, 24.59] ——
Total (Wald?) 97 86 100.0% 21.23[11.83, 30.64] S 2
Test for overall effect: Z = 4.42 (P < 0.00001) 50 ,2‘5 0 25 50

Favors EE/DRSP Favors E4/DRSP

Cl = Confidence Interval; I? = Heterogeneity; SD = Standard deviation; IV = Inverse Variance

Figure 2. Protein S activity increased to a greater extent with E4/DRSP compared to EE/DRSP, suggesting a more favorable effect on the en-

dogenous anticoagulant pathway

Test for overall effect: Z = 1.04 (P = 0.30)

Footnotes
2Cl calculated by Wald-type method.
*Tau? calculated by Restricted Maximum-Likelihood method.

Heterogeneity: Tau? (REML®) = 3.21; Chi* = 3.40, df = 2 (P = 0.18); I* = 35%

E4/DRSP EE/DRSP Mean difference Mean difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Douxfils 2020 98.2072 6.5543 38 97.5835 8.0341 31 46.0% 0.62[-2.89, 4.14] —L—
Kluft 2017 101.274 9.8147 15 94.6385 7.2754 17 23.2% 6.64 [0.58 , 12.69] —_—
Kobayashi 2024 115 11.69 44 1151 11.18 38 30.8% -0.10[-5.06, 4.86] ——
Total (Wald?) 97 86 100.0% 1.80 [-1.58, 5.17]

20 10 0 10 20
Favors EE/DRSP Favors E4/DRSP

Cl = Confidence Interval; I2 = Heterogeneity; SD = Standard deviation; IV = Inverse Variance

Figure 3. Although not statistically significant, antithrombin activity tended to be higher in the E4/DRSP group compared to EE/DRSP

compared to EE/DRSP. When comparing protein S activity,
we observed a lower hemostatic impact of E4/DRSP when
compared to EE/DRSP (MD = 21.23; 95% Cl 11.83 to 30.64;
p<0.00001; 12.=79%) (Figure 2). Trends favoring E4/DRSP
were observed for antithrombin activity, although these did
not reach statistical significance (MD = 1.80; 95% Cl -1.568
to 5.17; p=0.30; 12.=35%) (Figure 3). A significantly greater
increase in protein C activity was observed in the EE/DRSP
group compared to E4/DRSP (MD = -19.96; 95% Cl —-24.76 to
-15.17; p<0.00007; 12=0%) (Figure 4), suggesting a more fa-
vorable effect on this specific anticoagulant marker.

Among the procoagulant factors, only fibrinogen levels
could be evaluated, as key parameters such as prothrombin,
factors VII, VIII, Xa, prothrombin time, and activated partial
thromboplastin time were not consistently reported across
studies. Moreover, fibrinogen levels were available in only
two studies,®™ reported fibrinogen activity rather than se-
rum concentration. Despite the limited number of studies
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reporting fibrinogen levels, the available evidence consis-
tently indicates higher levels with EE/DRSP compared to
E4/DRSP, which contributes for a more procoagulant envi-
ronment in the EE/DRSP group (MD = -24.17; 95% Cl -39.15 to
-9.19; p=0.002; 1°=0%) (Figure 5), nevertheless not statisti-
cally significant.

Regarding fibrinolytic factors such as plasminogen,
D-dimer, tissue plasminogen activator (tPA), soluble fibrin
monomer complex (SFMC), and plasminogen activator in-
hibitor-1 (PAI-1), only plasminogen and D-dimer could be
assessed due to limited data across studies. Moreover, only
two studies reported these parameters. Nevertheless, plas-
minogen levels appear to increase with EE/DRSP compared
to E4/DRSP, suggesting a shift toward a more procoagu-
lant fibrinolytic profile (MD = -27.28; 95% Cl -31.67 to -22.89;
p<0.00001; 12=0%) (Figure 6), while D-dimer presented no
statistical difference between groups (MD = -0.18; 95% CI
-0.38 to 0.01; p=0.07; I7=92%) (Figure 7).
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E4/DRSP EE/DRSP Mean difference Mean difference
Study or Subgroup  Mean SD Total Mean sSD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Douxfils 2020 94.108 15.9176 38 118.9015 23.3719 31 24.7% -24.79[-34.45,-15.13] —a
Kluft 2017 98.637 12.2684 15 114.6147 14.5508 17 26.6% -15.98[-25.27 , -6.68] —a
Kobayashi 2024 106.7  14.77 44 1264  16.69 38 48.7% -19.70[-26.57 , -12.83] -
Total (Wald?) 97 86 100.0% -19.96 [-24.76 , -15.17] <&
Test for overall effect: Z = 8.16 (P < 0.00001) .50 25 0 25 50

Favors EE/DRSP Favors E4/DRSP
Heterogeneity: Tau? (REML®) = 0.00; Chi? = 1.67, df = 2 (P = 0.43); I = 0%

Footnotes
2Cl calculated by Wald-type method.
*Tau? calculated by Restricted Maximum-Likelihood method.

Cl = Confidence Interval; I? = Heterogeneity; SD = Standard deviation; IV = Inverse Variance

Figure 4. Protein C activity was significantly greater in the EE/DRSP group compared to E4/DRSP

E4/DRSP EE/DRSP Mean difference Mean difference
Study or Subgroup  Mean sD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Douxfils 2020 266.4548 40.4963 38 291.7868 51.3695 31 456% -25.33[-47.53,-3.13] —a—
Kobayashi 2024 2736  47.18 44 296.8 46.43 38 54.4% -23.20[-43.50,-2.90] —a—
Total (Wald?) 82 69 100.0% -24.17 [-39.15, -9.19] i
Test for overall effect: Z = 3.16 (P = 0.002) 20 25 0 25 50
Favors EE/DRSP Favors E4/DRSP

Heterogeneity: Tau? (REML®) = 0.00; Chi = 0.02, df = 1 (P = 0.89); I2 = 0%

Footnotes
aCl calculated by Wald-type method.
*Tau? calculated by Restricted Maximum-Likelihood method.

Cl = Confidence Interval; I? = Heterogeneity; SD = Standard deviation; IV = Inverse Variance
Figure 5. EE/DRSP has a statistically significant impact on fibrinogen levels compared to E4/DRSP, contributing to a more procoagulant
environment

E4/DRSP EE/DRSP Mean difference Mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Douxfils 2020 107.6892 11.4701 38 134.5674 14.1205 31 50.7% -26.88[-33.04,-20.71] —&—
Kobayashi 2024 102.7 15.1 44 1304 1376 38 49.3% -27.70[-33.95,-21.45] —m—
Total (Wald®) 82 69 100.0% -27.28 [-31.67 , -22.89] <&
Test for overall effect: Z = 12.18 (P < 0.00001) 20-10 0 10 20
Favors EE/DRSP Favors E4/DRSP

Heterogeneity: Tau? (REML®) = 0.00; Chi = 0.03, df = 1 (P = 0.85); I = 0%

Footnotes
2Cl calculated by Wald-type method.
Tau? calculated by Restricted Maximum-Likelihood method.

Cl = Confidence Interval; I = Heterogeneity; SD = Standard deviation; IV = Inverse Variance
Figure 6. An increased plasminogen was observed in the EE/DRSP group, indicating a markedly more procoagulant fibrinolytic profile when
compared to E4/DRSP

E4/DRSP EE/DRSP Mean difference Mean difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Douxfils 2020 0.29 0.0094 38 0.3777 0.1607 31 52.0% -0.09[-0.14,-0.03] =
Kobayashi 2024 0.382 0.3016 44 0672 0.123 38 48.0% -0.29[-0.39,-0.19] -
Total (Wald®) 82 69 100.0% -0.18 [-0.38, 0.01] il
Test for overall effect: Z = 1.83 (P = 0.07) 05025 0 025 05

Favors EE/DRSP Favors E4/DRSP
Heterogeneity: Tau? (REML®) = 0.02; Chi? = 12.40, df = 1 (P = 0.0004); I? = 92%

Footnotes
2Cl calculated by Wald-type method.
bTau? calculated by Restricted Maximum-Likelihood method.

Cl = Confidence Interval; I? = Heterogeneity; SD = Standard deviation; IV = Inverse Variance
Figure 7. No statistically differences were observed between groups when evaluating D-dimer. However, there is a trend to the EE/DRSP
group, suggesting a potentially more procoagulant profile when compared to E4/DRSP

Rev Bras Ginecol Obstet. 2026;48:e-rbgo27. 5
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E4/DRSP
sD

EE/DRSP

Study or Subgroup  Mean Total Mean sSD

Total

Mean difference Mean difference

Douxfils 2020
Kluft 2017
Kobayashi 2024

94.8974 33.5441
149.897 38.441
16292 50.337

38 273.7645 69.4097
15 385.6991 120.4486
44 32873 92695

Total (Wald?) 97

Test for overall effect: Z = 13.05 (P < 0.00001)

Heterogeneity: Tau? (REML®) = 243.86; Chi2 = 3.99, df = 2 (P = 0.14); 2= 41%
Footnotes

Cl calculated by Wald-type method.
Tau? calculated by Restricted Maximum-Likelihood method.

31
17
38

86

Weight IV, Random, 95% CI IV, Random, 95% CI
46.0% -178.87 [-205.53 , -152.21] -
16.5% -235.80 [-296.27 ,-175.33] —=—
37.4% -165.81[-198.82,-132.80] -
100.0% -183.38 [-210.93, -155.84] 0
-200 -100 0 100 200

Favors EE/DRSP Favors E4/DRSP

Cl = Confidence Interval; I? = Heterogeneity; SD = Standard deviation; IV = Inverse Variance

Figure 8. SHBG levels were significantly lower in users of E4/DRSP compared to EE-containing contraceptives, supporting a more favorable
hormonal impact on hepatic metabolism with a consequent favorable hemostatic profile

Beyond the evaluation of direct hemostatic markers, sex
hormonal binding globulin (SHBG) was included as a biolog-
ical marker reflecting hepatic estrogenic activity.t® Our anal-
ysis revealed significantly lower SHBG levels in users of E4/
DRSP versus EE-containing regimens (MD = -183.38; 95% CI
-210.93 to -155.84; p<0.000071; I? = 41%) (Figure 8), supporting
the observed trend toward a more favorable hemostatic profile.

Taken together, the findings suggest that E4/DRSP ex-
erts a milder and potentially safer impact on the coagulation
cascade compared to EE/DRSP. This was reflected in several
hemostatic markers, including higher levels of anticoagulant
proteins, such as protein S, lower levels of procoagulant indi-
cators as fibrinogen, and trends toward more favorable fibrino-
lytic profiles. However, the magnitude and consistency of these
effects varied across biomarkers, likely due to differences in
study design, analytical methods, and reporting standards.
Despite these limitations, the overall pattern consistently fa-
vors E4/DRSP as having a reduced prothrombotic potential.

Sensitivity analysis

To address the observed heterogeneity in some outcomes,
a leave-one-out sensitivity analysis was conducted by se-
quentially excluding each study to assess the influence of
individual studies on the overall estimate. The results re-
mained consistent as the exclusion of any single study did
not materially alter the alterations of hemostatic markers.

Quality assessment

The Risk of Bias 2 (Rob-2) was used for quality assessment.('®
No study was considered at critical risk of bias as described
in Figure 9. The GRADE evidence assessment applied to
these outcomes is presented in Table 2, detailing the ratings
for each domain and the overall certainty of the evidence. The
overall certainty of the evidence was rated as high.

Discussion
In this systematic review and meta-analysis of three ran-
domized trials, we assessed the effects of E4/DRSP and EE/

Rev Bras Ginecol Obstet. 2026;48:e-rbgo27.

DRSP on coagulation and fibrinolysis markers. The main
finding was that EE/DRSP exerted a significantly greater
impact on the hemostatic system, as evidenced by pooled
mean differences in key parameters, including reductionsin
protein S activity, and elevations in fibrinogen and plasmin-
ogen levels when compared to E4/DRSP. Although protein C
activity was significantly lower in the E4/DRSP group, this
isolated marker does not fully reflect the broader hemostat-
ic profile or other clinical outcomes. Considering that the
remaining markers consistently indicated a more favorable
hemostatic effect in the E4/DRSP group, the overall profile
supports its potential safety advantage.

Beyond its favorable effects on coagulation markers,
estetrol-based combined oral contraceptives have demon-
strated high acceptability and user satisfaction, with report-
ed improvements in premenstrual symptoms and favorable
weight control outcomes.™ These benefits are thought to
stem from estetrol's unique pharmacological profile, act-
ing as an agonist in target tissues such as bone, uterus, and
brain, while exerting minimal hepatic stimulation. This se-
lective activity supports its classification as the first Native
Estrogen with Selective action in Tissues (NEST).*)

While the overall direction of the results was consistent,
certain differences among the studies may have contribut-
ed to the observed heterogeneity in some outcomes, such
as protein S activity. One potential explanation lies in the di-
versity of populations included. Two studies were conduct-
ed among healthy reproductive-age women.®*'? Whereas
onefocused on women with endometriosis, a condition that
may independently influence hemostatic balance through
inflammatory and hormonal pathways.(" Additionally, slight
variations in dosage regimens, treatment duration, and lab-
oratory assays may have affected absolute values, although
the relative changes remained aligned.

The studies were also conducted in distinct geograph-
ical regions, including Europe and Asia, which may contrib-
ute both to the generalizability of the findings and to subtle
differences in baseline risk factors.®™ Such diversity is a
strength in terms of external validity, yet it may introduce
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methodological heterogeneity that complicates direct com-
parisons across studies. Differences in sampling intervals,
laboratory techniques, and definitions of hemostatic end-
points also represent potential sources of variation.

Furthermore, the biomarkers analyzed in this study
vary in clinical relevance and sensitivity to hormonal chang-
es. For example, SHBG is not a coagulation factor per se but
is often used as an alternate marker for estrogenic hepatic
stimulation.(®

Similarly, D-dimer reflects fibrin degradation and over-
all fibrinolytic activity, however, its levels are highly influ-
enced by factors such as age, systemic inflammation, and
assay variability, making it an unreliable biomarker for con-
sistent evaluation in this context.t® While its reduction with
E4 did not reach statistical significance, the directionality
observed across trials suggests a potential effect that may
become clearerin larger studies with more statistical power.

Our findings consistently suggest reduced hemostatic
activation with E4-based contraceptives across multiple bio-
markers. This is clinically relevant given that ethinylestradi-
ol-induced changes in coagulation parameters are a major
contributor to the elevated risk of venous thromboembolism
in oral contraceptive users and represent a common reason
why many women opt against their use. Although our anal-
ysis did notinclude direct data on VTE events, the markers as-
sessed, particularly fibrinogen, protein S, protein C and SHBG,
are mechanistically linked to thrombotic risk.('8%)

The heterogeneity observed in the protein S activity
analysis (12 = 86%) may reflect variability in patient pop-
ulations and measurement methods. However, other out-
comes such as fibrinogen (1> = 0%) and plasminogen (I? =
0%) demonstrated remarkable consistency, suggesting that
the overall findings are robust and not driven by outliers or
single studies. Importantly, the fact that these outcomes are
based on randomized comparisons increases confidence in
the internal validity of the results, despite the limited num-
ber of included studies.

As with any research, this study has its limitations.
Firstly, the number of included studies was small, limiting
the possibility of performing subgroup analyses or assessing
publication bias. Secondly, the studies were not designed or
powered to assess clinical outcomes such as thromboembol-
ic events, and thus our findings should be interpreted as indi-
rect evidence of improved safety based on hemostatic mark-
ers. Thirdly, while the included studies had similar designs,
methodological differences may have influenced results, and
the absence of data from longer follow-up periods prevents us
from extrapolating these findings to long-term use.

Conclusion
In this systematic review and meta-analysis, we provided
the first synthesized evidence suggesting that combined

Lemos MJ, Ferraz JM, Queiroz LF, Diniz AF, Silva CM, Santos PL, et al.

oral contraceptives containing estetrol and drospirenone
(E4/DRSP) are associated with an overall more favorable
hemostatic profile compared to ethinylestradiol-based
formulations. These findings may have implications for
contraceptive counseling and the development of new oral
formulations of hormonal therapies, particularly for women
at increased risk of thrombosis. Future studies should fo-
cus on large-scale trials incorporating clinical endpoints to
hemostatic biomarkers, and extended follow-up periods to
confirm whether the favorable hemostatic parameter profile
observed here translates into reduced thrombotic risk in re-
al-world use.
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Supplementary Material

Table 1S. Full search strategy

Lemos MJ, Ferraz JM, Queiroz LF, Diniz AF, Silva CM, Santos PL, et al.

Pubmed

(“Estetrol’[Mesh] OR estetrol OR E4[tiab]) AND (“Hemostasis”[Mesh] OR hemostasis[tiab] OR “Blood Coagulation”[Mesh] OR “Fibrin Fibrinogen Degradation
Products”[Mesh] OR “Thrombin”[Mesh] OR thrombin[tiab] OR “blood coagulation”[tiab] OR “D-dimer”[tiab] OR prothrombin[tiab] OR fibrinolysis[tiab] OR
fibrinogen[tiab] OR “coagulation factor”[tiab] OR hemostatic[tiab])

Embase

(‘estetrol’/exp OR estetrol OR ‘e4”/exp OR e4) AND (‘hemostasis’/exp OR hemostasis OR ‘thrombin’/exp OR thrombin OR ‘blood coagulation/exp OR ‘blood coagulation’
OR ‘d-dimer’/exp OR ‘d-dimer’ OR ‘prothrombin’/exp OR prothrombin OR ‘“fibrinolysis’/exp OR fibrinolysis OR ‘fibrinogen’/exp OR fibrinogen OR ‘coagulation factor/exp
OR ‘coagulation factor’ OR hemostatic)

Cochrane

hemostatic)

(estetrol OR E4) AND (hemostasis OR thrombin OR “blood coagulation” OR “d-dimer” OR prothrombin OR fibrinolysis OR fibrinogen OR “coagulation factor” OR

Table 2. Summary of findings and certainty of evidence rated according to the GRADE methodology. Outcomes were classified as high, mod-
erate, low, or very low certainty.

Certainty assessment N9 of patients Effect
':fu:fies ::::;Z] Rlbsi::f Inconsistency Indirectness Imprecision consiodt:;ions E4+DRSP EE+DRSP ?:;:2’; :‘E::;l;:)e gensingy| Importance
Protein C Activity resistance (follow-up: mean 140 days)
3 randomised not not serious notserious  notserious none 183 183 - 0 ©OOd  IMPORTANT
trials serious (24.76 lower to High
15.17 lower)
Antithrombin activity (follow-up: mean 120 days)
3 randomised not not serious notserious  notserious none 151 183 - 0 ©OOD®  IMPORTANT
trials serious (1.58 lower to High
5.17 higher)
Plasminogen
2 randomised not not serious notserious  notserious none 151 151 - 0 OODPD  IMPORTANT
trials serious (31.67 lower to High
22.89 lower)
D-dimer
2 randomised not not serious notserious  notserious none 151 151 - 0 ©OO®  IMPORTANT
trials serious (0.38 lower to High
0.01 higher)
Fibrinogen (follow-up: mean 120 days)
2 randomised not not serious notserious  notserious none 151 151 - 0 ©OO®  IMPORTANT
trials serious (39.15 lower to High
9.19 lower)
SHBG Level (follow-up: mean 140 days)
3 randomised not not serious notserious  notserious none 183 183 - 0 ©O®D®  IMPORTANT
trials serious (210.93 lower to High
155.84 lower)
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