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Systematic Review

Systematic Review of
Hormonal Contraception and
Risk of Venous Thrombosis

Lynn Keenan, MD1, Tyson Kerr, BA2,
Marguerite Duane, MD, MHA, FAAFP3

and Karl Van Gundy, MD, FCCP1

Abstract
Background: Hormonal contraception (HC) is widely used throughout the world and has been associated
with venous thrombosis (VT) such as deep vein thrombosis, pulmonary emboli, and cerebral VT. Objectives: To
provide a current comprehensive overview of the risk of objectively confirmed VT with HC in healthy women
compared to nonusers. Search methods: PubMed was searched from inception to April 2018 for eligible
studies in the English language, with hand searching from past systematic reviews. Selection criteria: We
selected original research evaluating risk of objectively confirmed VT in healthy women taking oral or nonoral HC
compared with nonusers. Data collection: The primary outcome of interest was a fatal or nonfatal VT in users
of HC compared to nonusers or past users. Studies with at least twenty events were eligible. Adjusted relative
risks with 95 percent confidence intervals were reported. Three independent reviewers extracted data from
selected studies. Results: 1,962 publications were retrieved through the search strategy, with 15 publications
included. Users of oral contraception with levonorgesterol had increased risk of VT by a range of 2.79–4.07, while
other oral hormonal preparations increased risk by 4.0–48.6. Levonorgestrel intrauterine devices did not increase
risk. Etonogestrel/ethinyl estradiol vaginal rings increased the risk of VT by 6.5. Norelgestromin/ethinyl estradiol
patches increased risk of VT by 7.9. Etonogestrel subcutaneous implants by 1.4 and depot-medroxyprogesterone
by 3.6. The risk of fatal VT was increased in women aged fifteen to twenty-four by 18.8-fold. Conclusion: Users
of HC have a significant increased risk of VT compared to nonusers. Current risks would project at least 300–400
healthy young women dying yearly in the United States due to HC. Women should be informed of these risks and
offered education in fertility-awareness-based methods with comparable efficacy for family planning.

Summary: HC is widely used throughout the world and has been associated with blood clots in the legs and
lungs. We searched the literature and found the risks of currently used forms of birth control increased
between three- and ninefold for blood clots for healthy women. The risks found would project 300–400
women dying from using HC each year in the United States.
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Introduction

Hormonal contraception (HC) has widespread use,

with estimates of 100 million women worldwide

(World Health Organization [WHO] 1998). In the

United States, about 21 percent of women of repro-

ductive years, which equates to about 13 million

women, are using pills, injections, implants, rings,

or patches (Daniels 2015). Over 80 percent of women

in the United States have taken HC at some point in

the reproductive years. Venous thrombosis (VT),

including deep vein thrombosis (DVT), pulmonary

emboli (PE), or central venous thrombosis (CVT), is

the most common serious side effect of HC. The

2013 Cochrane review showed a relative risk (RR)

of VT of 3.5 for women using oral contraception com-

pared to nonusers (de Bastos et al. 2014).

Despite the high prevalence of use of HC, rando-

mized controlled trials for more than a few months have

not been conducted due to the concern over the ethics of

having women on placebo when trying to avoid preg-

nancy. Thus, the safety of HC is based mostly on obser-

vational and case control trials. Hormone replacement

therapy (HRT) for menopause was similarly recom-

mended based on health benefits seen in observational

studies. When the women’s health initiative, a double-

blinded, randomized controlled trial contradicted pre-

vious results and showed increased risks with HRT,

practice patterns changed rapidly (Rossouw et al.

2002). HRT was associated with a small absolute risk

to the individual, but looking at data across large popu-

lations, the benefits did not outweigh the harms. The

drugs and doses used for HC have five to ten times the

pharmacological effect of regimens used for HRT.

Continually monitoring the available safety data of

HC is important for women to make informed choices

for family planning. There has not been a recent sys-

tematic review comparing women using any form of

HC to nonusers and evaluating for DVT, PE, and

CVT. There have been large studies recently per-

formed that have not been included in systematic

reviews. Of note, the Cochrane review found that all

risk estimates were higher in studies with objectively

confirmed VT, of which none were industry sponsored

(de Bastos et al. 2014). Our goal was to provide a com-

prehensive review of the risk of any type of VT with

any form of HC in a healthy population of women.

Method

Literature Search

The PubMed database was searched for all relevant

articles published from inception to April 2018 using

the search terms ((((“Venous Thromboembo-

lism”[Mesh]) OR “Pulmonary Embolism”[Mesh])

OR “Venous Thrombosis”[Mesh] OR ((vein[All

Fields] OR venous[All Fields]) AND (thrombosi-

s[All Fields] OR thromboemboism[All Fields]))

OR pulmonary embolus[All Fields])) AND

((“Contraceptive Agents, Female”[Mesh]) OR

“Contraceptive Devices, Female”[Mesh]). Two

reviewers (L.K. and T.K.) searched these titles and

abstracts to find original research studies in English.

References from systematic reviews were also hand

searched for relevant articles. We did not consider

unpublished studies or abstracts of conference pre-

sentations. Each included article was then reviewed

in detail (L.K., T.K., and K.V.G.) to extract main

study characteristics and RRs with 95 percent confi-

dence intervals. In cases of discrepancy, consensus

was achieved through discussion (see Figure 1).

Selection criteria. Inclusion criteria were articles eval-

uating risk of HC for first VT in healthy women.

Although most prior systematic reviews have

included many articles comparing different forms

of HC to each other, this systematic review is to pro-

vide data of risk of any form of HC to the natural

healthy state. Articles were excluded if there was not

a nonuser comparison group or if VT were not con-

firmed by either imaging study or at least strong

clinical diagnosis with a minimum of four weeks

of anticoagulation therapy. Studies were evaluated

to avoid duplication of data from same women in

two studies, taking the most recent or comprehen-

sive study to be included in the review. Studies

needed to report RRs or odds ratios (ORs) with 95

percent confidence intervals: RR in the cohort stud-

ies is the percentage of HC users with VT divided

by the percentage of nonusers with VT. OR in the

case control is the proportion of HC users who had

a VT versus did not have a VT divided by the pro-

portion of nonusers who had a VT versus did not

have a VT.

Type of HC and generation of oral contraceptives

had to be identified in the study as there is a signif-

icant difference in the risk of VT with the type of oral

contraceptive. All oral contraceptives use ethinyl

estradiol, which was originally at 150 mg, whereas

current preparations mostly use 20–30 mg, though

sometimes up to 50 mg. The generations vary mostly

by the type of progestogen. First-generation oral

contraceptives contain lynestrenol and are rarely

used now. Second-generation pills contain levonor-

gestrel, or less often norgestrel. Third-generation

ones have either desogestrel or gestodene as the pro-

gestogen. Another type combines ethinyl estradiol
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with drospirenone, an antimineralocorticoid which

inhibits ovulation.

Some studies had subgroups with definite diag-

nosis of VT with imaging or anticoagulation and

those with only clinical diagnosis. Those studies

were included if risks were calculated separately for

the confirmed VTs. Of the studies excluded, the

most common reason was no nonuser comparison

group, followed by data duplicated in other studies,

lack of confirmation of VT, or of specification of

type of HC.

Results

Of the 1,962 papers initially retrieved, 1,906 studies

were excluded by reading title and abstract. Nineteen

were added by reviewing reference lists of pertinent

articles, leaving seventy-five studies potentially

appropriate for the systematic review. Six studies

were excluded due to repeated data. Fifty-three stud-

ies were excluded for not satisfying inclusion cri-

teria. The remaining fifteen articles fit the criteria

for evaluating the risk of first, idiopathic VT in a

healthy population, with users of a specified type

of hormonal contraceptive compared to nonusers,

and confirmed diagnosis of VT by imaging or at least

four weeks anticoagulation treatment. There were

twelve case control studies (Andersen et al. 1998;

Bloemenkamp et al. 1995, 1999; Lewis 1996; Lide-

gaard, Edstrom, and Kreiner 2002; Martinelli et al.

2016; Parkin et al. 2000; Sidney et al. 2004; van

Hylckama Vlieg, Helmerhorst, and Rosendaal

2010; van Hylckama Vlieg et al. 2009; WHO

1995a, 1995b) and three cohort studies (Lidegaard
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Figure 1. Study flow diagram.
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et al. 2011; Lidegaard, Nielsen, et al. 2012; Samuels-

son, Hedenmalm, and Persson 2005). The studies

were published from 1995 to 2017, with study periods

covering 1977–2014. The case control studies ranged

in size from 36 cases to 1,524. The cohort studies ran-

ged in size from 8 to 17.2 million-women-years of

observation (see Table 1).

All studies showed an increased risk of hormonal

contraceptives to nonusers except the levonorgestrel

releasing intrauterine device (IUD). Of the case con-

trol trials, the OR varied by generation of oral contra-

ceptives. The first-generation contraceptives had an

increased risk of VT of 3.37–8.7. The second-

generation oral contraceptives had an OR range of

2.79–4.07. Third-generation had a range of 4.0–

48.6, though most studies were in the range of 4–9.

Of those that separated gestodene from desogestrel,

the gestodene range was 5.2–9.1, and the desogestrel

was 4.9–9.1. Oral contraceptives with drospirinone

had a risk of 6.3 (2.9–13.7). The nonoral forms

showed that depot-medroxyprogesterone carried an

RR of 3.6 (1.8–7.1). The case control evaluating

levonorgestrel-releasing IUD had an OR of 0.3,

though the confidence interval was 0.1–1.1, so

lacked significance (see Figure 2).

A few studies (Martinelli et al. 2016; van Hylck-

ama Vlieg et al. 2009; Suissa et al. 1997) stratified

the risk according to years of use, with risk generally

decreasing with longer use time. In the first three

months, the risk is greatest at 12.6 (van Hylckama

Vlieg et al. 2009). In the first year, the risks ranged

from 6.6 to 8.8 for second generation to 14.6 for

third generation. Second year for second generation

is 7.2, third generation 4.3, and in three to five years

for second generation is 2.5 and third is 4.2. Obesity

is also associated with higher risk of VT with HC.

Most studies adjusted the risk according to BMI.

The data from the Kaiser study (Sidney et al.

2004) showed risk of second generation is 3.34 if

BMI is less than 30, but increases to 6.04 if body

mass index (BMI) is greater than 30.

The New Zealand case control study looking at

fatal PE (Parkin et al. 2000) showed second and third

generation have a risk fatal VT of 9.6 (3.1–29.1).

Only 35 percent of deaths while on oral contracep-

tives were reported to the Centre for Adverse Reac-

tions. The Samuelsson study looking at the Swedish

death registry showed an RR of 18.8 for women

aged fifteen to twenty-four who used oral contra-

ceptives, with no statistical differences between

second and third generation.

The cohort studies showed less risk than the

case control, similar to other systematic reviews. The

risk of second generation was 2.9; for the third

generation, desogestrel risk was 6.6, and gestodene

was 6.2; and fourth generation, drospirenone was

6.4. For nonoral forms, the transdermal contracep-

tive patch with norelgestromin and ethinylestradiol

had an RR of 7.9 (3.5–17.7). Combined hormonal

vaginal rings with etonogestrel and ethinylestradiol

had a risk of 6.5 (4.7–8.9). The progestogen only

implants (etonogestrel) had a nonsignificant

increase at 1.4 with confidence intervals of 0.6–

3.4, and the levonorgestrel IUD showed decreased

risk at 0.6 (0.4–0.8).

Discussion

HC significantly increases the risk of venous throm-

botic events in women. Focusing only on studies that

compared users of HC to nonusers, with adequately

diagnosed VT, there is an increased risk of three-

to ninefold. Even a threefold increase has led to esti-

mates of an extra 100 VT events due to HC per

100,000 women years of use (Manzoli 2012). This

would equate to 13,000 extra venous thrombotic

events per year. Mortality risks have been estimated

at 2 percent of VT (Anderson et al. 1991), whereas

Parkin et al.’s study (2000) estimated 10.5 fatalities

per million user years. Lidegaard’s cohort study

evaluating risks of stroke and myocardial infarction

estimated that 21 strokes/100,000 user years would

be added by HC, with a case fatality of 1 percent, and

10/100,000 myocardial infarctions, with a case fatal-

ity of 10.8 percent (Lidegaard, Løkkegaard, et al.

2012). Given the 13 million hormonal contraceptive

users per year in the United States, one could antici-

pate every year 136–260 deaths from VT, 140 deaths

from myocardial infarction, and 27 deaths from

stroke in previously healthy young women. Using

the minimal risk range of only a threefold increased

risk, it is estimated that 300–400 healthy women die

each year in the United States due to their choice of

using HC for family planning.

Many of the articles justify the risk of HC by

comparing it to the safety of pregnancy. The study

in New Zealand of fatal VT showed no statistically

significant difference between the death rate of oral

contraceptives and pregnancy. About two-thirds of

the fatal VT in young women were due to contracep-

tion since there were far greater user women years

than pregnancy women years (Parkin et al. 2000).

However, not being on contraception does not equal

being pregnant. The real question is comparing the

risk of HC to other forms of family planning. Several

of the fertility-awareness-based methods (FABMs),

which have no medical side effects, have effective-

ness rates comparable to the typical use rate of the
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pill, making the projected death rate of HC avoidable

(Manhart et al. 2013).

Many women receive counseling of the increased

risk of VT with HC, but personalizing it is important.

With the growing rate of obesity in the United States,

many would fall in the category of a sixfold increased

risk due to a BMI above thirty (Sidney et al. 2004).

Genetic testing is not advised prior to starting contra-

ception due to cost effectiveness, but if a woman is

found to have thrombophilia, her risk is increased to

sixty-two-fold in the first year, and twenty-five-fold

after the first year (Martinelli et al. 2016).

The studies that evaluated effect of duration of

use on risk showed an increased risk in the first year

ranging between 7.0 and 12.6, but if a woman is also

younger than thirty, her risk increases further to thir-

teen (Martinelli 1999; Lidegaard, Edstrom, and Krei-

ner 2002).

There is significant underreporting of throm-

boembolic events related to HC. A study looking at

the reporting of hospitalized cases of VT in France

found only 7.5 percent were reported, similar to

other studies (Gourbil et al. 2014). One of the com-

mon reasons cited for the underreporting was

expectedness of the events. Underreporting may be

minimizing the understanding of the impact that

HC has on the health of women.

A randomized controlled trial was very powerful

for making the risks of hormone replacement known

in menopausal women and changing practice. In the

case of HC, though the synthetic hormones and doses

used provide greater pharmacological effects, it is

not feasible to have a prolonged randomized con-

trolled trial to evaluate for adverse events. Side-

effect risk estimates of an intervention may be just

as valid from a meta-analysis of observational stud-

ies as from randomized controlled trials in many

situations (Golder, Loke, and Bland 2011). In the

future, following a large cohort of women choosing

FABM compared to a cohort on HC may make the

difference in health outcomes more clear. A nonuser

of HC encompasses but does not equal the health sta-

tus of those who use FABM, as FABM users are

empowered by knowledge of their body to detect

signs of health or disorder and so be able to be proac-

tive in correcting problems.

The current status of our medical choices as a

country has been acceptance of widespread use of

Figure 2. Risk of venous thromboembolism among users of oral contraceptives compared to nonusers.
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agents that suppress the normal function of a

woman’s reproductive-health system and which con-

comitantly are responsible for the deaths of 300–400

healthy young women per year. This is equivalent to

a jumbo jet crashing yearly resulting in the deaths of

women for treating something that is not a disease.

Women should be informed of these risks and

improved access to training in FABMs should be

provided.

Conclusion

Current hormonal contraceptives carry a three- to

ninefold risk of VT compared to nonusers. Third-

generation contraceptives are about twice the risk

of the other generations. Combined HC vaginal rings

and transdermal patches carry a six- to eightfold risk.

Obesity can double the risk compared to normal

weight. Use during the first year carries the greatest

risk, especially in women under age thirty, where the

risk increases thirteenfold. Women should be made

aware of these risks when choosing family planning,

and the FABMs should be made more accessible.
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