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Abstract

Objectives: Thrombophilia is associated with an elevated risk of thrombosis, which may be 

further elevated with use of hormonal contraception. Our objective was to update a previously 

published systematic review on thrombosis risk with use of hormonal contraception among women 

with thrombophilia.

Study Design: We conducted a systematic review of five databases from database 

inception through December 8, 2022. We searched for articles that examined risk of venous 

thromboembolism (VTE) or arterial thromboembolism (ATE) in women with thrombophilia using 

hormonal contraception compared with women using non-hormonal or no contraception. We 

assessed risk of bias for each study and certainty of evidence for all outcomes.

Results: Eighteen articles met inclusion criteria; four had moderate risk of bias and 14 had high 

risk of bias. Odds of VTE in women with factor V Leiden (FVL) mutation or prothrombin (PT) 

gene mutation were elevated in combined oral contraception (COC) users vs non-users. Odds 

of VTE were elevated in COC users with FVL mutation, PT gene mutation, both FVL and PT 

mutations, antithrombin (AT) deficiency, or protein C deficiency compared with non-users without 

the mutation. Odds of stroke were elevated in COC users with FVL mutation compared with 

non-users without the mutation. Evidence was mixed on whether risk was elevated in women 

with protein S deficiency using COC compared with non-use. One study found elevated odds of 
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VTE in women with FVL mutation but not women with PT gene mutation using progestin-only 

contraception (POC), compared with non-users without the mutation.

Conclusions: Overall, studies found elevated odds of VTE and ATE in women with 

thrombophilia using COC compared with non-users without thrombophilia. The certainty of 

evidence for all outcomes is low. Evidence is also limited by small numbers of women and 

minimal evidence on use of patch, ring, or POC, and is insufficient to assess differential risk by all 

thrombophilia types.

Implications: Use of estrogen-containing hormonal contraception might further elevate risk of 

thrombosis among women with thrombophilia. Further study is needed on safety of POC use in 

women with thrombophilia.
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1. Introduction

Thrombophilia, both inherited and acquired, increases risk of experiencing a thrombotic 

event. Among women of reproductive age, the relative risk of venous thromboembolism 

(VTE) ranges from 2–10 with factor V Leiden (FVL) mutation [1–7] and 2–6 with 

prothrombin (PT) mutation [1, 2, 4–6]. For women of reproductive age with both FVL 

and PT mutations, the relative risk of VTE is increased 15–46 fold [2, 5]. These estimates 

were obtained from mostly heterozygous carriers; relative risk would likely be higher for 

homozygous individuals. Evidence is mixed on whether thrombophilia is associated with 

arterial thromboembolism (ATE) among women of reproductive age [8, 9].

Pregnancy also confers an elevated risk of thrombosis, with relative risk of VTE increased 

4–5 fold compared with nonpregnant women [10], and risk is further increased with 

thrombophilia. The percent who experience an initial VTE during pregnancy ranges from 

2–14% if homozygous for FVL mutation and 2–4% if homozygous for PT mutation [10]. It 

is important that women with thrombophilia have access to the full range of contraceptive 

options to support their decisions about pregnancy planning. However, some methods of 

hormonal contraception also increase risk for thrombosis, although to a lesser degree than 

risk during pregnancy and the postpartum period. Combined hormonal contraception (CHC) 

contains estrogen and progestin, i.e., combined oral contraception (COC), transdermal 

patch, and transvaginal ring), and is associated with a 2–3-fold increased risk of VTE 

and ATE [11–14]. Some studies have found an elevated risk of VTE with use of depot 

medroxyprogesterone acetate (DMPA) [15–17]; however, evidence does not suggest an 

elevated risk with use of other progestin-only contraception (POC) (including levonorgestrel 

intrauterine devices [LNG-IUDs], etonogestrel implants, and progestin-only pills [POPs]) 

[15–17].

The U.S. Centers for Disease Control and Prevention (CDC) publishes the U.S. Medical 
Eligibility Criteria for Contraceptive Use (US MEC) [18], which provides evidence-based 

guidance on the safety of contraceptive methods for patients with certain characteristics or 
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medical conditions, including thrombophilia. As part of a process to update the US MEC, 

the objective of this systematic review was to identify evidence on risk of VTE or ATE 

among women with thrombophilia using hormonal contraception compared to women using 

non-hormonal contraception or no contraception. We sought to update a previous systematic 

review on inherited thrombophilia which included studies published through 2004 [19]. 

Given that the risk of thrombosis may differ among the thrombophilias, we sought to 

identify articles that reported on risk by thrombophilia type.

2. Methods

We conducted this systematic review according to an a priori protocol, which has been 

registered in the international prospective register of systematic reviews (PROSPERO) under 

the registration number CRD42019127163 [20] and reported according to the Preferred 

Reporting Items for Systematic Reviews and Meta-analyses guidelines [21].

2.1. Eligibility criteria

Studies were eligible for inclusion if they examined risk of thrombosis with hormonal 

contraception use among women with thrombophilia. The population of interest was women 

with one or more of the following inherited or acquired thrombophilias (heterozygous or 

homozygous): FVL mutation, PT mutation, AT deficiency, protein C deficiency, protein 

S deficiency, or antiphospholipid syndrome (APS). We included studies of women with 

specific multiple thrombophilias (e.g., all study participants had FVL and PT mutations), 

but excluded studies that combined women with different thrombophilias and did not report 

results separately by thrombophilia type. The exposure of interest was use of any hormonal 

contraception, with results reported separately for CHC and POC. We excluded studies 

that focused on individual formulations of COCs and did not report risk estimates for 

all COCs combined. The comparison was use of non-hormonal or no contraception. The 

outcome of interest was ATE (including myocardial infarction [MI] or stroke) or VTE 

(including deep venous thrombosis or pulmonary embolism). We included randomized trials, 

non-randomized trials, cohort studies, or case-control studies. We excluded cross-sectional 

studies, non-comparative studies, case series, case reports, and review articles. We only 

included studies that reported statistical comparisons between appropriate exposure and 

comparison groups (e.g., risk ratio, odds ratio, comparison of incidence rates); we excluded 

studies that only reported crude numbers of events. We included studies in which the 

reference group was non-users with the thrombophilia and studies in which the reference 

group was non-users without the thrombophilia.

2.2. Literature search

We worked with a research librarian at the U.S. Centers for Disease Control and Prevention 

to develop the search strategy (Appendix 1). The search was conducted in MEDLINE, 

EMBASE, Cochrane, ClinicalTrials.gov, and CINAHL databases from database inception 

through December 8, 2022. We considered articles in all languages. We did not consider 

abstracts without full text articles.
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2.3. Study selection and data extraction

Among articles identified by the search strategy, all titles and abstracts were screened 

independently by at least two co-authors, using the Covidence platform [22]. Two co-authors 

then reviewed full-text articles to determine if they met inclusion criteria. Any conflicts were 

resolved by discussion. We used standardized evidence tables to summarize information on 

each study.

2.4. Risk of bias assessment

We assessed risk of bias using a modified version of the Cochrane tool [23]. We considered 

selection bias (e.g., whether cases and controls were from the same population with the same 

inclusion criteria, was participation rate adequate, etc.), information bias for exposures and 

outcomes (e.g., whether thrombophilia diagnosis, contraceptive exposure, and thrombosis 

outcomes were assessed using valid and reliable measures), and confounding (e.g., whether 

the analysis accounted for important confounding factors). Two co-authors independently 

assessed the risk of bias for each included study and conflicts were resolved by discussion.

2.5. Data synthesis

We summarized descriptive statistics, unadjusted and adjusted point estimates, and results 

of significance tests. We did not conduct meta-analyses due to heterogeneity of study 

populations, exposures, and outcomes.

2.6. Certainty of evidence methods

We assessed the certainty of evidence using the Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) system [24–26]. For each outcome, we considered 

risk of bias, directness, precision, and consistency to be not serious, serious, or very serious. 

Based on these assessments, the certainty of evidence was rated as high, moderate, low, or 

very low. At baseline, randomized controlled trials are considered to have high certainty and 

observational studies are considered to have low certainty; ratings are then adjusted based on 

the criteria previously listed.

3. Results

We screened 5,707 articles through our database search, from which 742 articles were 

identified for full-text review (Figure 1). Among these articles, 724 were excluded (271 

wrong study design, 178 abstract only, 89 no joint effect, 70 wrong outcomes, 47 wrong 

patient population, 40 wrong intervention, 13 wrong comparator, 10 pooled mutations 

without specification of mutation type, and 6 duplicates). Eighteen articles met inclusion 

criteria; seven [2, 5–7, 27–29] of these were included in the previous systematic review 

[19] and 11 were newly identified [1, 3, 4, 9, 30–36]. Six articles from the previous review 

did not meet inclusion criteria for this updated review because they did not separate results 

by thrombophilia type [37], did not include a comparison group [38], or did not include 

calculated risk estimates for the comparison of interest [39–42].

The included articles addressed women with the following thrombophilias: factor V Leiden 

mutation (13 articles [1–7, 9, 27, 29, 30, 33, 34]), PT gene mutation (11 articles [1–3, 5, 6, 9, 
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28, 30, 31, 33, 35]), AT deficiency (2 articles [32, 36]), protein C deficiency (2 articles [32, 

36]), protein S deficiency (2 articles [32, 36]), and factor V Leiden plus PT gene mutation (2 

articles [2, 5]). In the nine articles that reported zygosity, the vast majority of women were 

heterozygous carriers [1, 2, 5–7, 9, 28, 29, 32]; zygosity was not reported in nine articles [3, 

4, 27, 30, 31, 33–36]. Two articles reported on retrospective cohort studies [32, 36] and 16 

reported on case-control studies [1, 3, 4, 6, 7, 9, 27–36]. All studies examined CHC (COC, 

patch, or ring) or oral contraception (OC) (type unspecified, presumed to be mostly COC); 

one study additionally examined POC (LNG IUD, etonogestrel or LNG implant, DMPA, or 

POPs) [1]. Fifteen studies examined risk of VTE [1–7, 27–30, 32, 33, 35, 36], 2 studies 

examined risk of ATE [9, 34], and one study examined risk of VTE or ATE [31].

3.1. Risk of bias

The overall risk of bias for each study was deemed to be moderate or high (Figure 2). Four 

studies had moderate risk of bias because cases and controls may have been from different 

populations [3, 4], cases and controls had different participation rates [1, 43], hormonal 

contraceptive methods were retrospectively self-reported soon after index event [1, 3, 4, 33], 

the comparison group may have included current or recent hormonal contraception users 

[33], or minimal adjustment for confounders was reported [3, 4]. Fourteen studies had high 

risk of bias because cases and controls may have been derived from different populations 

or not stated [2, 5, 7, 31, 32, 36], OC type was not specified [2, 7, 32, 35], hormonal 

contraceptive methods were retrospectively self-reported and timing of interview was remote 

(≥ 1 year) from event or not stated [5, 6, 9, 28, 30, 34], contraceptive method reporting and 

validation was not described [31], or crude estimates were reported without adjustment for 

confounders [2, 27, 29, 31, 32, 36].

3.2. Factor V Leiden mutation

Thirteen studies examined women with FVL mutation [1–7, 9, 27, 29, 30, 33, 34] (Table 

1, Figure 3, and Appendix 2). All were case-control studies and examined women using 

CHC (>95% COC), COC, or OC (type not specified but presumed mostly COC); one 

study additionally examined women using POC (LNG IUD, implant, DMPA, or POPs) 

[1]. Among women with FVL mutation, two studies found increased odds of VTE when 

comparing OC users with non-users (adjusted odds ratio [aOR] 5.0, 95% confidence interval 

[CI] 0.8–31.8; aOR 6.5, 95% CI 1.6–26.9) [7, 29]. When comparing women with FVL 

mutation using COC or OC compared with women without FVL mutation not using 

hormonal contraception, ten studies reported statistically significant increased odds of VTE, 

with odds ratios ranging from 10–65 [1–7, 27, 30, 33]. Two studies of ischemic stroke 

among women with FVL mutation using OC compared with women without FVL mutation 

not using hormonal contraception found statistically significant increased odds ratios (aOR 

11.3, 95% CI 4.3–29.0; aOR 12.9, 95% CI 1.3–133.7) [9, 34]. One study reported increased 

odds of VTE among women with FVL mutation using POC compared with women without 

the mutation not using hormonal contraception (aOR 5.4, 95% CI 2.5–13) [1].

3.3. PT gene mutation

Eleven studies examined women with PT gene mutation [1–3, 5, 6, 9, 28, 30, 31, 33, 35] 

(Table 1, Figure 4, and Appendix 3). All were case-control studies and examined women 
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using CHC (>95% COC), COC, or OC (type not specified but presumed mostly COC); one 

study additionally examined women using POC [1]. Among women with PT gene mutation, 

one study found increased odds of VTE or ATE when comparing CHC users with non-users 

(OR 4.7, 95% CI 1.9–11.5) [31]. When comparing women with PT gene mutation using 

CHC, COC, or OC compared with women without PT gene mutation not using hormonal 

contraception, eight studies reported statistically significantly increased odds of VTE, with 

odds ratios ranging from 7–149 [1–3, 5, 6, 28, 30, 35]; one study found an elevated odds 

ratio that was not statistically significant (aOR 5.1, 95% CI 0.8–31.2) [33]. One study of 

ischemic stroke among women with PT gene mutation using OC compared with women 

without PT gene mutation not using hormonal contraception found that odds of stroke were 

elevated but not statistically significant (aOR 3.1, 95% CI 0.4–23.3) [9]. One study of VTE 

among women with PT gene mutation using POC compared with women without PT gene 

mutation not using hormonal contraception found that odds of VTE were not increased [1].

3.4. AT deficiency

Two studies examined women with AT deficiency [32, 36] (Table 1 and Appendix 4). Both 

were retrospective cohort studies and reported risk of VTE with use of COC or OC. Both 

studies found a higher incidence of VTE in women with AT deficiency when comparing 

COC or OC users with non-users (27.5% vs. 3.4% per patient year, p=0.005; 5.1% [95% CI 

1.1–15.0] vs 1.8% [95% CI 0.7–3.9] annual incidence) [32, 36]. No studies were identified 

examining POC, and no studies reported risk of ATE.

3.6. Protein C deficiency

Two studies examined women with protein C deficiency [32, 36] (Table 1 and Appendix 

5). Both were retrospective cohort studies and reported risk of VTE with use of COC or 

OC. Both studies found incidence of VTE was higher but not statistically significantly so in 

women with protein C deficiency when comparing COC or OC users with non-users (12.0% 

vs. 6.9% per patient year, p=0.5; 7.1% [95% CI 2.8–14.5] vs. 2.2% [95% CI 0.7–5.2] annual 

incidence) [32, 36]. No studies were identified examining POC, and no studies reported risk 

of ATE.

3.7. Protein S deficiency

Two studies examined women with protein S deficiency [32, 36] (Table 1 and Appendix 

6). Both were retrospective cohort studies and reported risk of VTE with use of COC or 

OC. One study found annual incidence of VTE was higher but not statistically significantly 

so in women with protein S deficiency when comparing COC users with non-users (2.4% 

[95% CI 0.5–7.1] vs 0.5% [95% CI 0.01–2.5]) [36]. The other study found that VTE 

incidence was similar in women with protein S deficiency using OC and not using hormonal 

contraception (6.5% vs. 8.6% per patient year, p=0.4) [32]. No studies were identified 

examining POC, and no studies reported risk of ATE.

3.8 Multiple mutations

Two studies examined women with FVL and PT gene mutations [2, 5] (Table 1 and 

Appendix 7). Both were retrospective cohort studies and reported risk of VTE with 
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use of COC or OC. When comparing women with both mutations using COC or OC 

compared with women without either mutation not using hormonal contraception, both 

studies reported statistically significant increased odds ratios (OR 17.0, 95% CI 4.0–72.8; 

aOR 86.5, 95% CI 10.0–747) [2, 5]. No studies were identified examining POC, and no 

studies reported risk of ATE.

3.9 Certainty of evidence

The certainty of evidence was deemed to be very low for all outcomes [44]. For all 

outcomes, the risk of bias was considered serious or very serious. For some outcomes, 

inconsistency was considered serious due to varying results among studies. For all 

outcomes, imprecision was considered serious or very serious due to small numbers 

of women with thrombophilia and lack of power calculations. For most outcomes, 

indirectness was considered serious because risk estimates were not calculated for hormonal 

contraception use versus non-use among women with the thrombophilia, rather, the analyses 

compared hormonal contraception users with the thrombophilia to non-users without the 

thrombophilia.

4. Discussion

This updated systematic review identified new studies examining risk of thrombosis 

among women with thrombophilia using hormonal contraception. For CHC use, risk of 

VTE was elevated among women with FVL mutation, PT mutation, AT deficiency, and 

protein C deficiency in studies comparing CHC users and non-users among those with the 

thrombophilia, as well as studies comparing CHC use and thrombophilia with no CHC use 

and no thrombophilia. Evidence was mixed on whether CHC use increased VTE risk among 

women with protein S deficiency. Risk of stroke was elevated with CHC use among women 

with FVL mutation but not PT mutation. For POC use, one study found elevated risk of 

VTE among women with FVL mutation but not PT mutation, compared with non-users 

without thrombophilia. Newly identified evidence was consistent with evidence included 

in the previously published systematic review [19]. No evidence was identified examining 

women with APS. One study was identified that did not meet inclusion criteria for the 

systematic review because women had lupus anticoagulant (LAC) but not necessarily APS 

[45]. This study found that women with LAC who used COCs had increased odds of MI or 

stroke compared with non-users without LAC [45]; these results may provide some indirect 

evidence on risk of MI and stroke associated with COC use among those with APS.

Mechanisms of thrombosis related to thrombophilia result from alterations which generally 

lead to loss of function or gain of function [46, 47]. Mutations in the genes for antithrombin, 

protein C, and protein S lead to reduced function of these anticoagulants and subsequent 

increased coagulation. Mutations in the genes for factor V Leiden and prothrombin result in 

increased function of these procoagulants. Antiphospholipid antibodies increase thrombosis 

risk likely through a variety of mechanisms including inhibition of natural anticoagulant 

and fibrinolytic systems, activation of endothelial cells and platelets, and production of 

proinflammatory cytokines [48].
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Hormonal contraceptives can have effects on multiple components of the hemostatic system, 

although the mechanism for increased thrombosis is not fully understood [49]. CHC can 

cause procoagulant changes, such as decreased protein S levels, resistance to activated 

protein C, and elevated levels of coagulation factors [49]. These effects are largely related to 

the estrogen component of CHC. Progestins can counteract estrogen effects, but this effect 

differs by progestin type [49]. Progestins may also have certain procoagulant effects, such 

as increased platelet aggregation and upregulation of thrombin receptors in vessel walls, 

and these effects may be more pronounced at higher progestin doses [49–51]. Given the 

complexity of mechanisms for thrombosis, it is not clear whether hormonally-associated 

effects might interact with thrombophilia-related changes and whether those effects might 

be additive or multiplicative. Few studies formally assessed the presence of multiplicative 

interaction between the thrombophilia and the contraceptive method on thrombosis risk, and 

those that did generally found no interaction [3, 6, 29, 33]. In some studies that did not 

formally assess interaction, the odds of thrombosis were higher among those with both the 

mutation and CHC use than would be expected from the odds for the individual risk factors 

alone, suggesting the possibility of a synergistic effect.

Despite these potential interactions, routine screening for thrombophilia is not recommended 

before initiating hormonal contraception. The overall prevalence of thrombophilia in the 

general population is low, ranging from 0.02% to 5% depending on the mutation [47]. If 

all women in the general population were screened for thrombophilia before initiating COC 

and avoided COC if thrombophilia diagnosed, there would be an estimated 0.26 fewer VTE 

events per 1,000 women per year [52]. Given the low prevalence in the general population 

and the lack of clear benefit for routine screening, the U.S. Medical Eligibility Criteria for 
Contraceptive Use (US MEC) and the American Society of Hematology do not recommend 

screening for thrombophilia in the general population before starting contraception [18, 52].

The body of evidence on thrombosis risk in women with thrombophilia using hormonal 

contraception has several limitations. Most of the studies were deemed to have a serious 

or very serious risk of bias and the certainty of evidence was rated as very low. Most 

studies had poor generalizability because they included small numbers of women with 

thrombophilia or the study group was not representative of the general population. For 

most outcomes, there were serious concerns for indirectness related to the comparator 

group, given that the analysis compared users with thrombophilia to non-users without 

thrombophilia. Given the indirectness of some of the comparisons and that interactions 

between thrombophilia and hormonal contraception were not formally assessed in modeling, 

it is difficult to assess the risk of thrombosis that is attributable to hormonal contraception. 

Few studies were found examining women with AT deficiency, protein C deficiency, and 

protein S deficiency, and no studies were identified which examined women with APS. Only 

one study examined use of POC. Few studies examined risk of MI and stroke. No studies 

compared homozygous to heterozygous carriers or compared individuals with different 

mutations; therefore the evidence was insufficient to assess whether thrombosis risk differs 

between those homozygous or heterozygous for specific mutations or between those with 

different mutations.
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In conclusion, risk of VTE and ATE is generally elevated among women with certain 

thrombophilias who use COC compared to non-users without the thrombophilia. However, 

risk is also elevated with thrombophilia alone, regardless of HC use, and evidence remains 

limited that directly compares use and non-use among women with thrombophilia. In 

addition, more studies are needed on HC use and thrombosis risk among women with 

specific thrombophilias and on women with thrombophilia using non-oral CHC or POC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The authors would like to thank Joanna Taliano, MA, MLS, for helping to build the literature search strategy and 
running the searches.

Funding:

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit 
sectors.

References

[1]. Bergendal A, Persson I, Odeberg J, Sundstrom A, Holmstrom M, Schulman S, et al. Association 
of venous thromboembolism with hormonal contraception and thrombophilic genotypes. Obstet 
Gynecol 2014;124:600–9. doi: 10.1097/AOG.0000000000000411. [PubMed: 25162263] 

[2]. Emmerich J, Rosendaal FR, Cattaneo M, Margaglione M, De Stefano V, Cumming T, et 
al. 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;86:809–16. DOI: 10.1055/s-0037-1616136. [PubMed: 11583312] 

[3]. Khialani D, le Cessie S, Lijfering WM, Cannegieter SC, Rosendaal FR, van Hylckama Vlieg 
A. The joint effect of genetic risk factors and different types of combined oral contraceptives 
on venous thrombosis risk. Br J Haematol 2020;191:90–7. doi: 10.1111/bjh.16666. [PubMed: 
32342502] 

[4]. Kuipers S, Cannegieter SC, Doggen CJ, Rosendaal FR. Effect of elevated levels of coagulation 
factors on the risk of venous thrombosis in long-distance travelers. Blood 2009;113:2064–9. doi: 
10.1182/blood-2008-06-160135. [PubMed: 19029445] 

[5]. Legnani C, Palareti G, Guazzaloca G, Cosmi B, Lunghi B, Bernardi F, et al. Venous 
thromboembolism in young women; role of thrombophilic mutations and oral contraceptive use. 
Eur Heart J 2002;23:984–90. doi: 10.1053/euhj.2001.3082. [PubMed: 12069454] 

[6]. Martinelli I, Taioli E, Bucciarelli P, Akhavan S, Mannucci PM. Interaction between the 
G20210A mutation of the prothrombin gene and oral contraceptive use in deep vein 
thrombosis. Arterioscler Thromb Vasc Biol 1999;19:700–3. doi: 10.1161/01.atv.19.3.700. 
[PubMed: 10073976] 

[7]. Spannagl M, Heinemann LA, Schramm W. Are factor V Leiden carriers who use oral 
contraceptives at extreme risk for venous thromboembolism? Eur J Contracept Reprod Health 
Care 2000;5:105–12. doi: 10.1080/13625180008500383. [PubMed: 10943572] 

[8]. Siegerink B, Maino A, Algra A, Rosendaal FR. Hypercoagulability and the risk of myocardial 
infarction and ischemic stroke in young women. J Thromb Haemost 2015;13:1568–75. doi: 
10.1111/jth.13045. [PubMed: 26178535] 

[9]. Martinelli I, Battaglioli T, Burgo I, Di Domenico S, Mannucci PM. Oral contraceptive use, 
thrombophilia and their interaction in young women with ischemic stroke. Haematologica 
2006;91:844–7. 10.3324/%x. [PubMed: 16769590] 

Tepper et al. Page 9

Contraception. Author manuscript; available in PMC 2025 August 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[10]. ACOG. ACOG Practice Bulletin No. 138: Inherited thrombophilias in pregnancy. Obstet Gynecol 
2013;122:706–717. doi: 10.1097/01.AOG.0000433981.36184.4e. [PubMed: 23963422] 

[11]. de Bastos M, Stegeman BH, Rosendaal FR, Van Hylckama Vlieg A, Helmerhorst FM, Stijnen 
T, et al. Combined oral contraceptives: venous thrombosis. Cochrane Database Syst Rev 
2014;2014:CD010813. doi: 10.1002/14651858.CD010813.pub2. [PubMed: 24590565] 

[12]. Li F, Zhu L, Zhang J, He H, Qin Y, Cheng Y, et al. Oral Contraceptive Use and Increased Risk 
of Stroke: A Dose-Response Meta-Analysis of Observational Studies. Front Neurol 2019;10:993. 
doi: 10.3389/fneur.2019.00993 [PubMed: 31592249] 

[13]. Roach RE, Helmerhorst FM, Lijfering WM, Stijnen T, Algra A, Dekkers OM. Combined oral 
contraceptives: the risk of myocardial infarction and ischemic stroke. Cochrane Database Syst 
Rev 2015;2015:CD011054. doi: 10.1002/14651858.CD011054.pub2. [PubMed: 26310586] 

[14]. Tepper NK, Dragoman MV, Gaffield ME, Curtis KM. Nonoral combined hormonal 
contraceptives and thromboembolism: a systematic review. Contraception 2017;95:130–9. doi: 
10.1016/j.contraception.2016.10.005. [PubMed: 27771476] 

[15]. Cockrum RH, Soo J, Ham SA, Cohen KS, Snow SG. Association of Progestogens and Venous 
Thromboembolism Among Women of Reproductive Age. Obstet Gynecol 2022;140:477–87. doi: 
10.1097/AOG.0000000000004896. [PubMed: 35926206] 

[16]. Glisic M, Shahzad S, Tsoli S, Chadni M, Asllanaj E, Rojas LZ, et al. Association between 
progestin-only contraceptive use and cardiometabolic outcomes: A systematic review and meta-
analysis. Eur J Prev Cardiol 2018;25:1042–52. doi: 10.1177/2047487318774847. [PubMed: 
29745237] 

[17]. Tepper NK, Whiteman MK, Marchbanks PA, James AH, Curtis KM. Progestin-only 
contraception and thromboembolism: A systematic review. Contraception 2016;94:678–700. doi: 
10.1016/j.contraception.2016.04.014. [PubMed: 27153743] 

[18]. Nguyen AT, Curtis KM, Tepper NK, Kortsmit K, Brittain AW, Snyder EM, et al. U.S. Medical 
Eligibility Criteria for Contraceptive Use, 2024. MMWR Recomm Rep 2024;73:1–126. doi: 
10.15585/mmwr.rr7304a1.

[19]. Mohllajee AP, Curtis KM, Martins SL, Peterson HB. Does use of hormonal contraceptives 
among women with thrombogenic mutations increase their risk of venous thromboembolism? 
A systematic review. Contraception 2006;73:166–78. doi: 10.1016/j.contraception.2005.08.011. 
[PubMed: 16413847] 

[20]. Nguyen A, Curtis K, Tepper N, Hooper C. Safety of hormonal contraception among 
women with thrombophilias: a systematic review: PROSPERO 2019. Available from: https://
www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019127163.

[21]. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 
2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 
10.1136/bmj.n71. [PubMed: 33782057] 

[22]. Veritas Health Innovation. Covidence systematic review software. https://www.covidence.org/ 
(accessed December 13, 2024).

[23]. Sterne JAC, Hernan MA, McAeenan A, Reeves BC, Higgins JPT. Chapter 25: Assessing risk 
of bias in a non-randomized study. In: Higgins JPTTJ, Chandler J, Cumpston M, Li T, Page 
MJ, Welch VA, editor. Cochrane Handbook for Systematic Reviews of Interventions version 6.3 
(updated February 2022): Cochrane; 2022.

[24]. GRADEpro Guideline Development Tool [Software]. 2022. Hamilton (ON): McMaster 
University (developed by Evidence Prime). https://www.gradepro.org/

[25]. Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE guidelines: 1. 
Introduction-GRADE evidence profiles and summary of findings tables. J Clin Epidemiol 
2011;64:383–94. doi: 10.1016/j.jclinepi.2010.04.026. [PubMed: 21195583] 

[26]. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE: 
an emerging consensus on rating quality of evidence and strength of recommendations. BMJ 
2008;336:924–6. doi: 10.1136/bmj.39489.470347.AD. [PubMed: 18436948] 

[27]. Andersen BS, Olsen J, Nielsen GL, Steffensen FH, Sorensen HT, Baech J, et al. Third 
generation oral contraceptives and heritable thrombophilia as risk factors of non-fatal venous 

Tepper et al. Page 10

Contraception. Author manuscript; available in PMC 2025 August 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



thromboembolism. Thromb Haemost 1998;79:28–31. DOI: 10.1055/s-0037-1614213. [PubMed: 
9459317] 

[28]. Martinelli I, Sacchi E, Landi G, Taioli E, Duca F, Mannucci PM. High risk of cerebral-vein 
thrombosis in carriers of a prothrombin-gene mutation and in users of oral contraceptives. N Engl 
J Med 1998;338:1793–7. doi: 10.1056/NEJM199806183382502. [PubMed: 9632445] 

[29]. Vandenbroucke JP, Koster T, Briet E, Reitsma PH, Bertina RM, Rosendaal FR. Increased risk 
of venous thrombosis in oral-contraceptive users who are carriers of factor V Leiden mutation. 
Lancet 1994;344:1453–7. doi: 10.1016/s0140-6736(94)90286-0. [PubMed: 7968118] 

[30]. Martinelli I, Battaglioli T, Pedotti P, Cattaneo M, Mannucci PM. Hyperhomocysteinemia in 
cerebral vein thrombosis. Blood 2003;102:1363–6. doi: 10.1182/blood-2003-02-0443. [PubMed: 
12714502] 

[31]. Momot AP, Nikolaeva MG, Yasafova NN, Zainulina MS, Momot KA, Taranenko IA. Clinical 
and laboratory manifestations of the prothrombin gene mutation in women of reproductive age. J 
Blood Med 2019;10:255–63. doi: 10.2147/JBM.S212759. [PubMed: 31447596] 

[32]. Pabinger I, Schneider B, and the GTH Study Group on Natural Inhibitors. Thrombotic risk 
of women with hereditary antithrombin III-, protein C- and protein S-deficiency taking oral 
contraceptive medication. Thromb Haemost 1994;71:548–52. DOI: 10.1055/s-0038-1642480 
[PubMed: 8091378] 

[33]. Sidney S, Petitti DB, Soff GA, Cundiff DL, Tolan KK, Quesenberry CP Jr. 
Venous thromboembolic disease in users of low-estrogen combined estrogen-progestin 
oral contraceptives. Contraception 2004;70:3–10. doi: 10.1016/j.contraception.2004.02.010. 
[PubMed: 15208046] 

[34]. Slooter AJ, Rosendaal FR, Tanis BC, Kemmeren JM, van der Graaf Y, Algra A. Prothrombotic 
conditions, oral contraceptives, and the risk of ischemic stroke. J Thromb Haemost 2005;3:1213–
7. doi: 10.1111/j.1538-7836.2005.01442.x. [PubMed: 15946211] 

[35]. Tufano A, Guida A, Coppola A, Nardo A, Di Capua M, Quintavalle G, et al. Risk factors 
and recurrent thrombotic episodes in patients with cerebral venous thrombosis. Blood Transfus 
2014;12 Suppl 1:s337–42. doi: 10.2450/2013.0196-12. [PubMed: 23399370] 

[36]. van Vlijmen EF, Brouwer JL, Veeger NJ, Eskes TK, de Graeff PA, van der Meer J. Oral 
contraceptives and the absolute risk of venous thromboembolism in women with single or 
multiple thrombophilic defects: results from a retrospective family cohort study. Arch Intern Med 
2007;167:282–9. doi: 10.1001/archinte.167.3.282. [PubMed: 17296885] 

[37]. Bloemenkamp KW, Rosendaal FR, Helmerhorst FM, Vandenbroucke JP. Higher risk of venous 
thrombosis during early use of oral contraceptives in women with inherited clotting defects. Arch 
Intern Med 2000;160:49–52. doi: 10.1001/archinte.160.1.49. [PubMed: 10632304] 

[38]. de Bruijn SF, Stam J, Koopman MM, Vandenbroucke JP, for the The Cerebral Venous Sinus 
Thrombosis Study Group. Case-control study of risk of cerebral sinus thrombosis in oral 
contraceptive users who are carriers of hereditary prothrombotic conditions. BMJ 1998;316:589–
592. doi: 10.1136/bmj.316.7131.589. [PubMed: 9518910] 

[39]. Bloemenkamp KW, Rosendaal FR, Helmerhorst FM, Buller HR, Vandenbroucke JP. 
Enhancement by factor V Leiden mutation of risk of deep-vein thrombosis associated with oral 
contraceptives containing a third-generation progestagen. Lancet 1995;346:1593–6. doi: 10.1016/
s0140-6736(95)91929-5. [PubMed: 7500751] 

[40]. Middeldorp S, Meinardi JR, Koopman MM, van Pampus EC, Hamulyak K, van Der Meer 
J, et al. A prospective study of asymptomatic carriers of the factor V Leiden mutation to 
determine the incidence of venous thromboembolism. Ann Intern Med 2001;135:322–7. doi: 
10.7326/0003-4819-135-5-200109040-00008. [PubMed: 11529695] 

[41]. Santamaria A, Mateo J, Oliver A, Menendez B, Souto JC, Borrell M, et al. Risk of thrombosis 
associated with oral contraceptives of women from 97 families with inherited thrombophilia: 
high risk of thrombosis in carriers of the G20210A mutation of the prothrombin gene. 
Haematologica 2001;86:965–71. [PubMed: 11532625] 

[42]. Vaya A, Mira Y, Mateo J, Falco C, Villa P, Estelles A, et al. Prothrombin G20210A mutation 
and oral contraceptive use increase upper-extremity deep vein thrombotic risk. Thromb Haemost 
2003;89:452–7. [PubMed: 12624627] 

Tepper et al. Page 11

Contraception. Author manuscript; available in PMC 2025 August 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[43]. Bergendal A, Bremme K, Hedenmalm K, Larfars G, Odeberg J, Persson I, et al. Risk factors for 
venous thromboembolism in pre-and postmenopausal women. Thromb Res 2012;130:596–601. 
doi: 10.1016/j.thromres.2012.05.024. [PubMed: 22704078] 

[44]. CDC. Supplementary Appendix. U.S. Medical Eligibility Criteria for Contraceptive Use, 2024 
2024. Available from: https://stacks.cdc.gov/view/cdc/156516 (accessed December 13, 2024).

[45]. Urbanus RT, Siegerink B, Roest M, Rosendaal FR, de Groot PG, Algra A. Antiphospholipid 
antibodies and risk of myocardial infarction and ischaemic stroke in young women in 
the RATIO study: a case-control study. Lancet Neurol 2009;8:998–1005. doi: 10.1016/
S1474-4422(09)70239-X. [PubMed: 19783216] 

[46]. Anderson JA, Weitz JI. Hypercoagulable states. Clin Chest Med 2010;31:659–73. doi: 10.1016/
j.ccm.2010.07.004. [PubMed: 21047574] 

[47]. Mannucci PM, Franchini M. Classic thrombophilic gene variants. Thromb Haemost 
2015;114:885–9. doi: 10.1160/TH15-02-0141. [PubMed: 26018405] 

[48]. Chaturvedi S, Braunstein EM, Brodsky RA. Antiphospholipid syndrome: Complement activation, 
complement gene mutations, and therapeutic implications. J Thromb Haemost 2021;19:607–16. 
doi: 10.1111/jth.15082. [PubMed: 32881236] 

[49]. Sitruk-Ware R Hormonal contraception and thrombosis. Fertil Steril 2016;106:1289–94. doi: 
10.1016/j.fertnstert.2016.08.039. [PubMed: 27678035] 

[50]. Skouby SO, Sidelmann JJ. Impact of progestogens on hemostasis. Horm Mol Biol Clin Investig 
2018;37. doi: 10.1515/hmbci-2018-0041.

[51]. Wiegratz I, Kuhl H. Metabolic and clinical effects of progestogens. Eur J Contracept Reprod 
Health Care 2006;11:153–61. doi: 10.1080/13625180600772741. [PubMed: 17056444] 

[52]. Middeldorp S, Nieuwlaat R, Baumann Kreuziger L, Coppens M, Houghton DE, James 
AH, et al. American Society of Hematology 2023 Guidelines for Management of 
Venous Thromboembolism: Thrombophilia Testing. Blood Adv 2023;7:7101–38. doi: 10.1182/
bloodadvances.2023010177. [PubMed: 37195076] 

Tepper et al. Page 12

Contraception. Author manuscript; available in PMC 2025 August 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
PRISMA flow chart for the search process for evidence on thrombosis risk with use of 

hormonal contraception among women with thrombophilia
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Figure 2. 
Risk of bias of studies included in systematic review on thrombosis risk with use of 

hormonal contraception among women with thrombophilia
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Figure 3. 
Odds1 of thrombosis among women with factor V Leiden mutation using and not using 

hormonal contraception

CHC, combined hormonal contraception; HC, hormonal contraception; POC, progestin-only 

contraception.
1Reference group for most studies is women without the mutation using non-hormonal or no 

contraception.
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Figure 4. 
Odds1 of thrombosis among women with prothrombin gene mutation using and not using 

hormonal contraception

CHC, combined hormonal contraception; HC, hormonal contraception; POC, progestin-only 

contraception.
1Reference group for most studies is women without the mutation using non-hormonal or no 

contraception.
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Table 1.
Summary of evidence on thrombosis risk with use of hormonal contraception among women with 

thrombophilia

Study Contraception Outcome Comparison group Risk of thrombosis (95% CI)

Factor V Leiden mutation 

Vandenbroucke, 1994 [28] OC DVT + FVL mutation, - HC RR 5.0 (0.8–31.8)
Incidence per 10,000 PY: 28.5 (OC use); 
5.7 (non-use)

Anderson, 1998 [26] COC DVT +/− PE - thrombophilia, - HC OR 2.6 (0.7–9.1)

Martinelli, 1999 [6] COC DVT - thrombophilia, - HC OR 20.0 (4.2–94.3)

Spannagl, 2000 [7] OC DVT +/− PE + FVL mutation, - HC aOR 6.5 (1.6–26.9)

Emmerich, 2001 [2] OC DVT +/− PE - thrombophilia, - HC OR 10.25 (5.69–18.45)

Legnani, 2002 [5] COC DVT +/− PE - thrombophilia, - HC aOR 41.0 (13.5–125)

Martinelli, 2003 [29] OC CVT - thrombophilia, - HC OR 30.0 (3.4–263.0)

Sidney, 2004 [32] COC DVT +/− PE - thrombophilia, - HC aOR 11.32 (3.00–42.81)

Slooter, 2005 [33] OC Ischemic stroke - thrombophilia, - HC aOR 11.2 (4.3–29.0)

Martinelli, 2006 [9] OC Ischemic stroke - thrombophilia, - HC aOR 12.9 (1.3–133.7)

Kuipers, 2009 [4] OC DVT +/− PE - thrombophilia, - HC aOR 18.3 (2.0–171)

Bergendal, 2014 [1] CHC DVT +/− PE - thrombophilia, - HC OR 20.6 (8.9–58)

POC OR 5.4 (2.5–13)

Khialani, 2020 [3] COC DVT +/− PE - thrombophilia, - HC aOR 19.3 (13.9–26.8)

Prothrombin gene mutation 

Martinelli, 1998 [27] OC CVT - thrombophilia, - HC OR 149.3 (31.0–711.0)

Martinelli, 1999 [6] COC DVT - thrombophilia, - HC OR 16.3 (3.4–79.1)

Emmerich, 2001 [2] OC DVT +/− PE - thrombophilia, - HC OR 7.14 (3.39–15.04)

Legnani, 2002 [5] COC DVT +/− PE - thrombophilia, - HC aOR 58.6 (12.8–267)

Martinelli, 2003 [29] OC CVT - thrombophilia, - HC OR 79.3 (10.0–629.4)

Sidney, 2004 [32] COC DVT +/− PE - thrombophilia, - HC aOR 5.10 (0.83–31.18)

Martinelli, 2006 [9] OC Ischemic stroke - thrombophilia, - HC aOR 3.1 (0.4–23.3)

Bergendal 2014 [1] CHC DVT +/− PE - thrombophilia, - HC OR 17.6 (4.4–152)

POC OR 0.7 (0.2–2.2)

Tufano, 2014 [34] OC CVT - thrombophilia, - HC OR 48.53 (5.57–422.56)

Momot, 2019 [30] CHC VTE or ATE + PT gene mutation, - HC OR 4.7 (1.89–11.54)

Khialani, 2020 [3] COC DVT +/− PE - thrombophilia, - HC aOR 24.0 (13.6–42.3)

Antithrombin deficiency 

Pabinger, 1994 [31] COC VTE + AT deficiency, - HC Incidence per PY: 27.5% (OC use), 3.4% 
(non-use) (p=0.005)

Van Vlijmen, 2007 [35] COC VTE + AT deficiency, - HC Annual incidence: 5.14% (1.1–15.0) 
(COC use), 1.77% (0.7–3.9) (non-use)

Protein C deficiency 

Pabinger, 1994 [31] OC VTE + protein C deficiency, - HC Incidence per PY: 11.95% (OC use), 6.9% 
(non-use) (p=0.5)

Van Vlijmen, 2007 [35] COC VTE + protein C deficiency, - HC Annual incidence: 7.06% (2.8–14.5) 
(COC use), 2.23% (0.7–5.2) (non-use)

Protein S deficiency 
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Study Contraception Outcome Comparison group Risk of thrombosis (95% CI)

Pabinger, 1994 [31] OC VTE + protein S deficiency, - HC Incidence per PY: 6.5% (OC use), 8.6% 
(nonuse) (p=0.4)

Van Vlijmen, 2007 [35] COC VTE + protein S deficiency, - HC Annual incidence: 2.42% (0.5–7.1) (COC 
use), 0.46% (0.01–2.5) (non-use)

Multiple thrombophilias 

Emmerich, 2001 [2] OC DVT +/− PE - thrombophilia, - HC OR 16.97 (3.95–72.80)

Legnani, 2002 [5] COC DVT +/− PE - thrombophilia, - HC aOR 86.5 (10.0–747)

aOR, adjusted odds ratio; AT, antithrombin; ATE, arterial thromboembolism; CHC, combined hormonal contraception; CI, confidence interval; 
COC, combined oral contraception; CVT, cerebral vein thrombosis; DVT, deep venous thrombosis; FVL, factor V Leiden; HC, hormonal 
contraception; OC, oral contraception; OR, odds ratio; PE, pulmonary embolism; POC, progestin-only contraception; PT, prothrombin; PY, 
person-year; VTE, venous thromboembolism.
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