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Cardiovascular Risk Associated With the Use
of an Etonogestrel-Containing Vaginal Ring

Jürgen Dinger, MD, PhD, Sabine Möhner, PhD, and Klaas Heinemann, MD, PhD

OBJECTIVE: To compare the risks of short-term and

long-term use of an etonogestrel-containing and

ethinylestradiol-containing vaginal ring and combined

oral contraceptive pills (OCPs) in a routine clinical study

population.

METHODS: This was a prospective, controlled, noninter-

ventional cohort study performed in the United States and

five European countries with the following two cohorts:

new users of the vaginal ring and new users of combined

OCPs (starters, switchers, or restarters). The study pop-

ulation included 33,295 users of the vaginal ring or

combined OCPs recruited by 1,661 study centers. Fol-

low-up of study participants occurred for 2 to 4 years.

Main clinical outcomes of interest were cardiovascular

outcomes, particularly venous and arterial thromboem-

bolism. These outcomes were validated by attending

physicians and further adjudicated by an independent

board. Comprehensive follow-up ensured low loss to

follow-up. Statistical analyses were based on Cox regres-

sion models. Primary statistical variable was the venous

thromboembolic hazard ratio (HR) for the vaginal ring

compared with combined OCPs.

RESULTS: Study participants were followed-up for

66,489 woman-years. Loss to follow-up was 2.9%. The

venous thromboembolism incidence rates for the vaginal

ring users and combined OCPs users were 8.3 and 9.2

per 10,000 woman-years, respectively. Cox regression

analysis yielded crude and adjusted HRs for the vaginal

ring users compared with combined OCPs users of 0.9

and 0.8 for venous thromboembolism (95% confidence

intervals [CIs] 0.5–1.6 and 0.5–1.5) and 0.8 and 0.7 (95%

CIs 0.2–2.5 and 0.2–2.3) for arterial thromboembolism,

respectively.

CONCLUSION: Vaginal ring use and combined OCP use

were associated with a similar venous and arterial

thromboembolic risk during routine clinical use.

(Obstet Gynecol 2013;122:800–8)

DOI: 10.1097/AOG.0b013e3182a5ec6b

LEVEL OF EVIDENCE: II

The Transatlantic Active Surveillance on Cardiovas-
cular Safety of Nuvaring study was a large, multi-

national, controlled, prospective, observational, active
surveillance study that studied the cardiovascular safety
of a contraceptive vaginal ring that releases 15 mcg
ethinylestradiol and 120 mcg etonogestrel daily. After
insertion, it remains in the vagina for 21 days, followed
by 7 ring-free days before a new ring is inserted. The
mode of action is based primarily on ovulation inhibi-
tion and the contraceptive efficacy of the vaginal ring is
similar to that of combined oral contraceptive pills
(OCPs).

The cohort study started in September 2007 and
last follow-up activities were finished in March 2012.
The study followed-up new users of the vaginal ring
and new users of marketed combined OCPs using
a noninterference approach to provide standardized,
comprehensive, and reliable information regarding
these treatments in routine clinical practice. When
the Transatlantic Active Surveillance on Cardiovascu-
lar Safety of Nuvaring study was planned, clinical
experience at that time suggested that serious clinical
outcomes associated with vaginal ring use were rare.
Nevertheless, because venous thromboembolism and,
to a lesser extent, arterial thromboembolism are the
most relevant adverse clinical outcomes linked to the
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use of hormonal contraceptives that contain both
estrogen and progestin, a sufficiently large study to
detect such rare events was necessary. Thus, the main
clinical outcomes of interest for the short-term and
long-term follow-up were venous thromboembolism
and arterial thromboembolism. Differentiating between
the inherent background population risk and a potential
incremental risk for outcomes of interest attributable to
treatment is often challenging. Active safety surveil-
lance using valid epidemiologic study designs has been
proven to be a valid method to approach this
endeavor.1,2

MATERIALS AND METHODS

The methodology of the Transatlantic Active Surveil-
lance on Cardiovascular Safety of Nuvaring study is
similar to that of the European Active Surveillance
study of OCPs, which is described elsewhere.3 There-
fore, methodologic details regarding questionnaires,
follow-up procedures, and blinded adjudication are
presented succinctly.

The primary objective of this study was to
investigate and compare the risks of short-term and
long-term use of the vaginal ring with those of
marketed combined OCPs in a study population
representative of the actual users of these preparations.
The main clinical outcomes of interest for the short-
term and long-term follow-up were venous and arterial
thromboembolism, deep venous thrombosis, pulmo-
nary embolism, acute myocardial infarction, and
cerebrovascular accidents, with a particular focus on
venous thromboembolism. Other objectives of the
study included the drug utilization pattern and contra-
ceptive effectiveness of the vaginal ring and combined
OCPs. This study focuses on cardiovascular outcomes.
Planning, conduct, and evaluation of the study were
supervised by an independent Safety Monitoring and
Advisory Council. The international members of the
Council (epidemiologists, cardiologists, and gynecolo-
gists) were selected by the chairman (Samuel Shapiro,
Cape Town, South Africa) and the principal investiga-
tor at the Berlin Center for Epidemiology and Health
Research. The present publication was reviewed by the
Council; all requested changes were implemented.
Primary ethical approval was provided by the ethical
committee of the physician’s association in Berlin, Ger-
many (Ethik-Kommission der Ärztekammer Berlin).
The study is registered in the public clinical trials reg-
istry of the United States National Library of Medicine
with the registration number NCT00524771.

Recruitment of the cohort members was con-
ducted via a network of physicians who prescribe
hormonal contraceptives. The combined cohort was

planned to include more than 33,000 women recruited
in the United States and in five European countries
(Austria, France, Germany, Italy, and Russia). Study
participants were women who had a new prescription
for the vaginal ring or a combined OCP. The partici-
pating physicians discussed the study with the patient
only after one of these preparations had been pre-
scribed. Study centers that did not comply with this
requirement were excluded. For every vaginal ring user
recruited, the physician recruited the next combined
OCP user who was willing to participate in the study.
All women who were eligible for recruitment were
asked to participate.

Participating women could have been starters
(first-ever use of hormonal contraceptives), switchers
(switch from one hormonal contraceptive to another),
or restarters (restarted hormonal contraception after
a break of at least 4 weeks). All women who fulfilled
these criteria and signed the informed consent and data
privacy form were enrolled in the study. More specific
inclusion or exclusion criteria were not applied because
of the noninterference approach of the study design.
The objective was to avoid influencing the prescribing
behavior while at the same time making significant
efforts to ensure standardized, comprehensive, and
reliable documentation of all baseline characteristics
and adverse events during the follow-up period.3

Baseline data were recorded on a questionnaire that
addressed the participant’s state of health and potential
risk factors. Participants provided their medical history,
including medication history and history of hormonal
contraceptive use. They also provided their addresses
and telephone numbers, those of relatives or friends
who could serve as back-up contacts, and those of their
primary care physicians and gynecologists.3 Baseline
questionnaires were completed in the physician’s offices
and checked by the physicians or their coworkers.
Follow-up assessments for each woman were scheduled
at 6 and 12 months after study entry, and then every
year for up to 4 years. The self-administered follow-up
questionnaires addressed the occurrence of adverse
events. Detailed reasons for discontinuing hormonal
contraception or switching to another preparation
were requested if applicable. The questionnaires were
reviewed for completeness, plausibility, and consistency
of the responses. Missing or inconsistent information
was clarified directly with the women by telephone.
A low loss to follow-up rate was essential for the validity
of the study. To minimize loss to follow-up, a compre-
hensive follow-up process was established, which is
described elsewhere.3 Study participants received
a small compensation at each follow-up for returning
the questionnaires. Follow-up questionnaires that
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contained information about serious adverse events
were immediately given to the medical reviewer group
at the Berlin Center for Epidemiology and Health
Research.3 All group members were medical doctors
specializing in epidemiology, drug safety, and internal
medicine. In case of unclear or missing information, the
women were contacted by telephone, e-mail, or other
means. For many events, it was necessary to contact the
diagnosing or treating physician for clarification and
validation of the information received from the patient.3

These physicians were compensated for the time
needed to provide the requested information and med-
ical records. All serious adverse events were classified as
confirmed or not confirmed. Events that were con-
firmed by diagnostic measures with high specificity
(eg, phlebography for deep venous thrombosis or cere-
bral magnetic resonance imaging for cerebrovascular
accidents) or a clinical diagnosis supported by a diagnos-
tic test with low specificity (such as D-dimer for venous
thromboembolism) were considered confirmed. Events
were considered not confirmed if the diagnosis re-
ported by the patient was excluded by diagnostic meas-
ures, if a different medical condition was diagnosed by
the attending physician, or if the reporting woman did
not contact a health professional to clarify her symp-
toms and no diagnostic measures were performed that
could have clarified the diagnosis.3

For the purpose of continuously monitoring
safety data during the study, classification of reported
serious adverse events was performed by the inves-
tigators at the Berlin Center for Epidemiology and
Health Research. For the final analysis, classification
of the primary outcomes of interest—venous and arte-
rial thromboembolism—was verified by independent
blinded adjudication. To minimize classification bias,
the decisions made by the investigators were reas-
sessed by three independent medical experts special-
izing in radiology and nuclear medicine, cardiology,
internal medicine, and vascular diseases. These spe-
cialists reviewed all available information regarding
the reported event. Brand names, dose, regimen,
and composition of the hormonal contraceptives used
by the study participants were rendered anonymous
for this process.3

The final analyses included both an as-treated and
an intention to treat analysis. The safety conclusions of
the study are based on the as-treated analyses because
the intention to treat approach potentially dilutes
differences between treatments.3 In this study, however,
conclusions based on intention to treat results did not
differ from the conclusions based on as-treated results.
Therefore, only the as-treated results are reported. Cox
regression models were used for inferential statistics.

The analyses were performed in accordance with the
statistical analysis plan, which was approved by
the Safety Monitoring and Advisory Council before
the first inferential analysis.

Based on the rather small number of outcomes,
adjustment for potential confounding was based on
a priori defined expert models with a limited number
of well-established covariates. For venous thromboem-
bolism, the models included age, body mass index
(BMI, calculated as weight (kg)/[height (m)]2), duration
of current hormonal contraceptive use, and family his-
tory of venous thromboembolism, whereas for arterial
thromboembolism the models included age, BMI,
smoking, and treated hypertension. In addition, the
effect of several predefined prognostic factors such as
educational level, geographical region, user status
(starter, switcher, restarter) and surgical interventions
were evaluated. This approach was only performed
for exploratory reasons. The results were almost iden-
tical to those of the expert model. Therefore, only the
results of the expert model are reported.

The analyses focused on comparisons among the
two primary cohorts—the vaginal ring and combined
OCPs. A priori planned subanalyses also included the
comparison of the vaginal ring with combined OCPs
without desogestrel or gestodene cohorts because the
effect of these progestogens on the venous thrombo-
embolic risk of combined OCPs is still undergoing
scientific debate.2 After the start of the Transatlantic
Active Surveillance on Cardiovascular Safety of Nu-
varing study, the results of a Danish cohort study4

suggested an increased risk for drospirenone-contain-
ing combined OCPs users. Therefore, the Safety
Monitoring and Advisory Council recommended an
additional post hoc analysis of the venous thrombo-
embolic risk associated with combined OCPs without
desogestrel, gestodene, or drospirenone. Overall, the
study participants were divided into the following five
subcohorts for the analysis: vaginal ring; combined
OCPs; combined OCPs without desogestrel or gesto-
dene; combined OCP without desogestrel, gestodene,
or drospirenone; and one nonuser cohort (women
who stopped hormonal contraception after study
entry). In addition, regulatory authorities suggested
a post hoc comparison of the venous thromboembolic
risk associated with the vaginal ring and levonorges-
trel-containing combined OCPs. The primary out-
come of interest was the venous thromboembolic
hazard ratios (HRs) of users of the vaginal ring and
combined OCPs. The null hypothesis to be tested was
HR of 2 or more (ie, the venous thromboembolic HR
for the vaginal ring compared with combined OCPs is
2 or more). The alternative hypothesis was HR less
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than 2. All analyses were performed with the statistical
software packages SAS 9 and StataES8.

Sample size calculations showed that 33,000 pa-
tients with a total observation time of approximately
70,000 woman-years should be sufficient to exclude
a twofold risk of venous thromboembolism for vaginal
ring users compared with users of combined OCPs.
These calculations were based on a venous thrombo-
embolic incidence in the general combined OCP user
population of 9.1 events per 10,000 woman-years3 and
a power of 90%. A noninferiority test for two exponen-
tial survival curves was chosen to construct the sample
size estimate. Exposure periods of up to 4 years were
analyzed to ensure that the venous thromboembolic
risk estimate was representative for routine clinical hor-
monal contraceptive use. In addition, a subanalysis of
the relative risk during different exposure periods
(6 months or less, 7–12 months, more than 12 months)
was conducted.

RESULTS

A total of 34,100 women were enrolled by 1,661 active
study centers. Overall, 805 of these 34,100 women
(2.4%) had to be excluded because they were enrolled
two or more times by one or more study centers,
continued to use their previous hormonal contracep-
tive (long-term user), or did not start using the vaginal
ring or combined OCPs after study entry. The
remaining 33,295 quality-controlled computerized da-
tasets from the women with baseline information (one
per woman) were analyzed. After study entry, 16,864
women used the vaginal ring, 16,431 used combined
OCPs, and 13,811 used combined OCPs without
desogestrel or gestodene. These data are summarized
in Table 1.

Table 2 depicts the predefined user subcohorts
(ie, vaginal ring, combined OCPs, and combined
OCPs without desogestrel or gestodene), the number
of women with baseline information, exposure, mean
age with standard deviation, mean weight with stan-
dard deviation, and mean BMI with standard devia-
tion. A comparison of the vaginal ring cohort with the
combined OCPs cohort showed that vaginal ring
users had somewhat shorter exposure than the users
of combined OCPs. Detailed analyses revealed that
two factors accounted for this difference. Some
women (particularly obese women) stopped vaginal
ring use because of problems inserting the ring, and
there was a heterogeneous reimbursement situation
for the vaginal ring in the United States. Reimburse-
ment within individual health plans changed over
time and reimbursement differed between different
health plans.

Mean age was slightly older for the vaginal ring
cohort compared with the combined OCPs cohort
(approximately 1-year difference). The age distribution—
as indicated by the minimum, 5th, 25th, 50th, 75th, and
95th percentiles, and the maximum values—corre-
sponds to the typical age profile of hormonal contra-
ceptive users. Mean weight and mean BMI also were
slightly higher in the vaginal ring cohort compared
with the combined OCP subcohorts. However, a geo-
graphical comparison showed that the differences
between Europe and the United States were much
more pronounced than the differences between the
cohorts. The mean BMIs in the United States for the
vaginal ring users and combined OCPs users were 26.8
and 26.3, respectively; the corresponding values in
Europe were 22.9 and 22.7. The slight age difference
between the cohorts is also reflected in the proportion
of nulliparous women: 41% compared with 50% for
the vaginal ring users and combined OCPs users,

Table 1. Number of Women Enrolled, Excluded,
and Analyzed

Women n %* %†

Agreed to participate 34,100 — 100
Vaginal ring 17,084 — 50.1
COC 17,016 — 49.9

Excluded because of protocol
violations‡

805 — 2.4

Vaginal ring 220 — 0.6
COC 585 — 1.7

Analyzed 33,295 100 97.6
Subcohorts§

Vaginal ring 16,864 50.7 49.5
Starters 3,440 10.3 10.1
Switchers 3,631 10.9 10.6
Restarters 9,793 29.4 28.7

COC 16,431 49.3 48.2
Starters 4,712 14.2 13.8
Switchers 3,098 9.3 9.1
Restarters 8,621 25.9 25.3

COC 2 13,811 41.5 40.5
Starters 3,673 11.0 10.8
Switchers 2,763 8.3 8.1
Restarters 7,375 22.2 21.6

Regions
United States 17,381 52.2 51.0
Europe 15,914 47.8 46.7

COC, combined oral contraceptive pills; COC 2, combined oral
contraceptive pill without desogestrel or gestodene.

* Percentage of women who agreed to participate.
† Percentage of women who were in the final analysis.
‡ Women who were enrolled two or more times by one or more

study centers, continued their previous hormonal contraceptive
(long-term user), or did not use the vaginal ring or a combined
oral contraceptive pill after study entry.

§ Subcohort refers to the exposure cohorts and the starter, switcher,
and restarter subcohorts.
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respectively. Regarding other gynecologic history
parameters, the cohorts were similar, eg, 12.9 years
compared with 12.9 years for age at menarche and
23.3 years compared with 23.3 years for age at first
delivery.

The distribution of prognostic factors for cardio-
vascular outcomes of interest as well as the medical
history of selected diseases are shown in Table 3. Major
differences between the cohorts were not found for
most of the risk factors examined. The proportion of
current smokers was slightly higher among vaginal ring
users compared with combined OCP users. However,
the difference between geographical regions is more
striking. The prevalence values for current smoking
in the United States for vaginal ring and combined
OCPs users were 16.9% and 14.6%, respectively; the
corresponding values in Europe were 31.2% and
29.8%. Regular use of concomitant medication was
similar across cohorts, 17% compared with 17% for
the vaginal ring and combined OCPs cohorts, respec-
tively. The prevalence in the United States was sub-
stantially higher compared with that of Europe (23%
compared with 10%). Psychotrophics were the most

widely used concomitant medication in the study pop-
ulation (Europe, 1.4%; United States, 11.8%). Educa-
tional levels of the study participants were similar
across cohorts.

Overall, there were no major differences in
baseline risks for the vaginal ring, combined OCPs,
and combined OCPs without desogestrel or gestodene
subcohorts. The vaginal ring cohort had a slightly
higher baseline risk for cardiovascular outcomes com-
pared with the two OCP subcohorts (slightly higher
prevalence of family history of venous thromboembo-
lism and obesity; P,.01). However, these differences
are too small to have a substantial effect on the risk
estimates for venous thromboembolism.

A total of 33,295 study participants were followed-
up for 66,489 woman-years of observation. In sum,
965 out of 33,295 women, or 2.9%, were lost to follow-
up during the 4-year follow-up period. A comparison
of the loss to follow-up rates among cohorts and
geographical regions showed only minor differences.
The loss to follow-up per cohort was 3.1% for the
vaginal ring cohort and was 2.6% combined OCPs
cohort, respectively; the loss to follow-up rates for

Table 2. User Cohorts: Number of Women and Exposure and Descriptive Statistics at Study Entry

Vaginal Ring COC COC 2 Total

Baseline 16,864 (50.7) 16,431 (49.3) 13,811 (41.5) 33,295 (100)
Woman-years, ITT 33,235 (50.0) 33,254 (50.0) 27,524 (41.4) 66,489 (100)
Woman-years, as treated 22,927 (44.8) 28,252 (55.2) 23,535 (46.0) 51,179 (100)
Age (y) 28.067.3 26.967.6 26.767.5 27.467.5

Minimum 13 13 13 13
5th percentile 19 18 18 18
25th percentile 22 21 21 22
Median 27 25 25 26
75th percentile 32 31 31 32
95th percentile 43 42 42 42
Maximum 57 61 61 61

Weight (kg) 68.2616.4 66.9616.5 67.9616.9 67.6616.4
Minimum 39 36 37 36
5th percentile 50 48 49 49
25th percentile 57 56 56 56
Median 64 63 64 64
75th percentile 75 74 75 75
95th percentile 100 99 101 100
Maximum 189 183 183 189

BMI (kg/m2) 25.065.8 24.665.8 25.066.0 24.865.8
Minimum 14.1 14.4 14.4 14.1
5th percentile 18.4 18.3 18.4 18.4
25th percentile 20.9 20.6 20.8 20.8
Median 23.5 23.1 23.4 23.3
75th percentile 27.5 27.0 27.4 27.2
95th percentile 36.6 36.5 37.2 36.6
Maximum 67.3 63.2 63.2 67.3

COC, combined oral contraceptive pills, COC 2, combined oral contraceptive pills without desogestrel or gestodene; ITT, intention to treat;
SD, standard deviation; BMI, body mass index.

Data are n (%) or mean6standard deviation unless otherwise specified.
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Europe and the United States were 3.2% and 2.6%,
respectively.

A total of 57 venous thromboembolic events were
observed, with a similar incidence in the vaginal ring
and combined OCPs cohorts. The vaginal ring cohort
included 19 cases and 8.3 events per 10,000 woman-
years, the combined OCPs cohort included 26 cases
and 9.2 events per 10,000 woman-years, and the no
use cohort (women who stopped hormonal contra-
ception after study entry) included 11 cases and 8.0
events per 10,000 woman-years (Table 4). One
venous thromboembolic event occurred in a study
participant who had switched from a combined
OCP to a contraceptive patch; a meaningful analysis
of a subcohort with such sparse data was neither pos-
sible nor was it intended. Therefore, a detailed analy-
sis of this subcohort was not performed. Overall, the
point estimates of the incidence rates of the main co-
horts (vaginal ring, combined OCPs, no use) were
similar, with a broad overlap of the 95% confidence
intervals (CIs). Five out of 11 venous thromboembolic
events in the no use cohort were associated with preg-
nancy and delivery. Exclusion of these cases resulted
in a substantially lower incidence rate of 5.0 events
per 10,000 woman-years. The corresponding point
estimate of the pregnancy and delivery-related venous
thromboembolic incidence rate was 29.0 events per
10,000 woman-years.

The well-established high venous thromboembolic
risk during the first months of combined hormonal
contraceptive use also was observed in this study.

Overall, the venous thromboembolic incidence associ-
ated with new hormonal contraceptive use decreased
from 13.0 events per 10,000 woman-years during the
first 6 months to 5.2 events after the first year of use.

For 13 of the 57 venous thromboembolic events
(23%), a pulmonary embolism was observed (vaginal
ring cohort, three cases; combined OCPs cohort, eight
cases; patch subcohort, one case; no use cohort, one
case). The pulmonary embolism incidence rates for
the vaginal ring cohort were lower compared with
the combined OCPs cohort (vaginal ring 1.3, 95% CI
0.3–1.8; combined OCPs 2.8, 95% CI 1.2–5.6). How-
ever, the broad overlap of CIs does not allow robust
conclusions.

A Cox regression analysis (Table 4) was per-
formed in accordance with the statistical analysis plan.
The crude HR for the vaginal ring cohort compared
with that for the combined OCPs cohort was 0.9, with
a 95% CI of 0.5 to 1.6. The adjusted HR was 0.8, with
a CI of 0.5 to 1.5. Therefore, the null hypothesis (HR
more than 2) can be rejected and a twofold higher risk
of venous thromboembolism during vaginal ring use
compared with combined OCP use can be excluded.
Because vaginal ring users had a slightly higher base-
line risk for venous thromboembolism compared with
the combined OCPs users, adjustment for the prede-
fined prognostic factors resulted in a minor reduction
in the adjusted compared with the crude HR. How-
ever, this reduction was minimal (ie, approximately
0.1). A sensitivity analysis with other prespecified
potential prognostic factors (see Materials and

Table 3. Prognostic Factors for Outcomes of Interest and Medical History of Selected Diseases Per User
Cohort: Total Number and Percent of Enrolled Women

Risk Factor Vaginal Ring COC COC 2 Total

Treated high blood pressure 479 (2.84) 430 (2.62) 386 (2.79) 909 (2.73)
High cholesterol 188 (1.11) 196 (1.19) 176 (1.27) 384 (1.15)
Family history of ATE 375 (2.22) 361 (2.20) 297 (2.15) 736 (2.21)
Family history of VTE 637 (3.78) 531 (3.23) 437 (3.16) 1,168 (3.51)
BMI (kg/m2) 25.0–29.9 3,661 (21.71) 3,341 (20.33) 2,957 (21.41) 7,002 (21.03)
BMI 30.0–34.9 1,617 (9.59) 1,397 (8.50) 1,265 (9.16) 3,014 (9.05)
BMI 35.0 or more 1,145 (6.79) 1,063 (6.47) 1,002 (7.26) 2,208 (6.63)
Smoking 4,025 (23.87) 3,566 (21.70) 2,881 (20.86) 7,591 (22.80)
Heavy smoking (more than 15 cigarettes/d) 585 (3.47) 453 (2.76) 391 (2.83) 1,038 (3.12)
Diabetes mellitus 135 (0.80) 116 (0.71) 108 (0.78) 251 (0.75)
Myocardial infarction 6 (0.04) 6 (0.04) 6 (0.04) 12 (0.04)
Stroke or TIA 4 (0.02) 6 (0.04) 5 (0.04) 10 (0.03)
Pulmonary embolism 1 (0.01) 4 (0.02) 3 (0.02) 5 (0.02)
Deep venous thrombosis 23 (0.14) 12 (0.07) 9 (0.07) 35 (0.11)
Cancer 87 (0.52) 90 (0.55) 84 (0.61) 177 (0.53)
Any surgery 5,600 (33.21) 5,322 (32.39) 4,611 (33.39) 10,922 (32.80)

COC, combined oral contraceptive pills, COC 2, combined oral contraceptive pills without desogestrel or gestodene; ATE, arterial
thromboembolism; VTE, venous thromboembolism; BMI, body mass index; TIA, transient ischemic attack.

Data are n (%).
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Methods) had no relevant effect on the adjusted HRs
(ie, less than 0.1). Also, a stratified analysis of venous
thromboembolism per user status (starters, switchers,
and restarters of hormonal contraceptives) did not
indicate a higher venous thromboembolic risk for
the vaginal ring users compared with combined OCPs
users for women with a particular user status. The
adjusted HR was always 1.0 or less. This also was
true for an analysis stratified by three exposure peri-
ods (less than 6 months, 6–12 months, more than
12 months). The early treatment discontinuation of
obese vaginal ring users had a slight effect on the
crude risk estimates for the first six months of expo-
sure. This effect disappeared after adjustment for
BMI. Furthermore, the region (United States and
Europe) had no substantial effect on the venous
thromboembolic incidence rates associated with hor-
monal contraceptive use (United States, 8.9 events per
10,000 woman-years; Europe 8.5 events per 10,000
woman-years). None of the 40 women with a personal
history of venous thromboembolism at study entry
(Table 3) had a venous thromboembolic event after
start of hormonal contraception. Accordingly, exclu-
sion of these women had no effect on the results.

In the validation process for venous thromboem-
bolism, six potential venous thromboembolic events
were identified that did not represent venous thrombo-
embolism according to the criteria described. Because
these cases were unanimously classified by the blinded
adjudicators as not being venous thromboembolic
events, the risk of misclassification seems low. To assess
possible error, an additional evaluation was performed
in which potential venous thromboembolic events were
combined with confirmed venous thromboembolic

events. This subanalysis yielded only slight deviations
from the analysis of confirmed venous thromboembolic
events (adjusted HR 0.9; 95% CI 0.5–1.5).

The venous thromboembolic incidence rates for
the a priori subcohort combined OCPs without des-
ogestrel or gestodene and for the post hoc defined
subcohorts combined OCPs without desogestrel, ges-
todene, or drospirenone and levonorgestrel-containing
combined OCPs were similar to those of the vaginal
ring cohort. Crude and adjusted HRs were close to
unity (Table 4).

A total of 17 arterial thromboembolic events
(Table 4) were observed in the study (six acute myo-
cardial infarctions, five ischemic strokes, five transient
ischemic attacks, and one complete thrombosis of
a peripheral artery). The arterial thromboembolic
events among the subcohorts were as follows: vaginal
ring, five cases; combined OCPs, eight cases; com-
bined OCPs without desogestrel or gestodene, six
cases; other hormonal contraceptives, one case; and
no use, three cases. This corresponds to arterial throm-
boembolic incidences of 2.2 events per 10,000 woman-
years for the vaginal ring cohort and of 2.8, 2.5, 6.2,
and 2.2 for the combined OCPs, combined OCPs with-
out desogestrel or gestodene, patch, and no use subco-
horts, respectively. Again, a meaningful analysis of the
patch subcohort was neither possible nor intended.
Therefore, a detailed analysis of this cohort was not
performed.

Cox regression analysis was performed in accor-
dance with the statistical analysis plan, ie, HRs were
calculated if a minimum of five confirmed events were
available in each of the comparison groups. Arterial
thromboembolic HRs could be calculated for vaginal

Table 4. Incidence Rates for Venous and Arterial Thromboembolism, Crude and Adjusted Hazard Ratios,
and 95% Confidence Intervals

Clinical Outcome Subcohort*

Incidence (Events/10,000
Woman-Years) HR (Vaginal Ring vs Comparators)

Point Estimate 95% CI Crude Estimate 95% CI Adjusted Estimate 95% CI

VTE Vaginal ring 8.3 5.0–12.9 — — — —
COC 9.2 6.0–13.5 0.9 0.5–1.6 0.8 0.5–1.5
COC 2 8.9 5.5–13.6 0.9 0.5–1.8 0.8 0.4–1.7
COC 3† 8.5 4.5–14.6 1.0 0.5–2.1 0.9 0.4–2.0
COC 4† 7.8 1.6–22.7 1.1 0.3–3.6 1.0 0.3–3.3

ATE Vaginal ring 2.2 0.7–5.1 — — — —
COC 2.8 1.2–5.6 0.8 0.3–2.5 0.7 0.2–2.3
COC 2 2.5 0.9–5.5 0.9 0.3–3.0 0.8 0.2–2.6

HR, hazard ratio; CI, confidence interval; VTE, venous thromboembolism; COC, combined oral contraceptive pills; COC 2, combined oral
contraceptive pills without desogestrel or gestodene; COC 3, combined oral contraceptive pills without desogestrel, gestodene, or
drospirenone; COC 4, levonorgestrel-containing combined oral contraceptive pills; ATE, arterial thromboembolism.

* Subcohort refers to the two main exposure cohorts and the progestogen-specific subcohorts within the COC cohort.
† Post hoc analysis recommended by the Safety Monitoring and Advisory Council and regulatory authorities.
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ring cohort compared with combined OCPs cohort
and for vaginal ring cohort compared with combined
OCPs without desogestrel or gestodene cohort. The
adjusted HRs for the vaginal ring users compared with
combined OCPs users and vaginal ring users com-
pared with combined OCPs without desogestrel or
gestodene users were 0.7 and 0.8, respectively. The
corresponding 95% upper confidence limits were 2.3
and 2.6. Therefore, a threefold higher risk of arterial
thromboembolism during vaginal ring use compared
with combined OCP use can be excluded. A sensi-
tivity analysis with other prespecified potential prog-
nostic factors (see Materials and Methods) had no
relevant effect on the adjusted HRs (ie, less than 0.1).

DISCUSSION

The incidence rates for venous and arterial thrombo-
embolism were similar for all subcohorts, and crude
and adjusted HRs indicated similar risk levels for
these subcohorts.

In nonexperimental studies like the Transatlantic
Active Surveillance on Cardiovascular Safety of Nu-
varing study, the possibility of bias and residual
confounding can never be entirely eliminated, and
the ability to infer causation is correspondingly lim-
ited.5 Valid information regarding potential sources of
confounding and sophisticated statistical and epidemi-
ologic methodology help to reduce the effect of bias
and residual confounding.6 However, the difficulty re-
mains unresolved when all that exists is a weak associ-
ation.7,8 Relative risk estimates that are close to unity
may not allow differentiation between causation, bias,
and confounding.9,10 In general, it is difficult to inter-
pret a relative risk of two or less in observational
research.11,12 Neither largely nor slightly increased rel-
ative risks were found in this study. Given the discussed
limitations, these findings may exclude large, but not
small, relative risks.

In our judgment, selection bias was probably not
a major issue in this study because inpatients and
outpatients were included and the demographic char-
acteristics of the participants are representative for
adult hormonal contraceptive users.3 Also, misclassifi-
cation bias probably had no substantial effect on the
results because precise information regarding the expo-
sure and the outcomes of interest were available. In
addition, reliable information regarding duration of
current use was available. Accordingly, the well-known
increased venous thromboembolic risk during the first
months of combined hormonal contraceptive use2,13,14

could be reproduced in this study. Furthermore, a low
loss to follow-up rate of 2.9% was found in this study.
Serious adverse events could lead to a break in contact

with study participants. An advantage of the Transat-
lantic Active Surveillance on Cardiovascular Safety of
Nuvaring study design, however, is that contact was
not lost if the study participants changed their
physicians.

In contrast, it was impossible to exclude diagnostic
bias. Venous thromboembolism can present as dra-
matic symptoms, unspecific mild symptoms, or without
any clinical symptoms.15–17 A high awareness of poten-
tial cardiovascular risks of combined hormonal contra-
ceptive use might have led to more diagnostic
procedures and, therefore, to more detected venous
thromboembolic events. However, we assume that this
potential bias had no differential effect on the cohorts
of interest or led to an overestimate of the relative risk
of the rather new vaginal ring.

A strength of the study was the availability of
information regarding many important prognostic
factors for the outcomes of interest. Nevertheless,
because of the noninterventional character of the
study, information regarding specific gene mutations
was only available for cases of venous thromboem-
bolism but not for the majority of study participants.
This limitation was mitigated through information
regarding family history of venous thromboembolism,
which has a higher predictive value for venous
thromboembolism compared with gene mutations.18

The fact that the HRs remained close to unity if
combined OCPs containing desogestrel, gestodene, or
drospirenone were excluded from the analysis shows
that eventual differences between the cohort were not
diluted by the inclusion of combined OCPs that are
potentially associated with an increased risk of venous
thromboembolism. This is also supported by the
comparison of the vaginal ring and levonorgestrel-
containing combined OCPs cohorts. Robust conclu-
sions cannot be drawn from these comparisons because
the study was not powered for these post hoc analyses.
However, our data do not indicate a substantial
difference in venous thromboembolic risk associated
with these preparations.

Our results regarding venous thromboembolism
are consistent with the results of a recently published
United States study.19 In contrast, a Danish cohort
study reported an approximately twofold increase in
venous thromboembolic risk for the vaginal ring
cohort compared with combined OCPs containing lev-
onorgestrel or norgestimate cohort.20 This study linked
several national registers in Denmark. Advantages
and disadvantages of this methodologic approach com-
pared with the methodology used in this study have
been discussed extensively.1,21–24 The Danish register
studies are undoubtedly larger than field studies like
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our study. However, the CIs in large observational
studies are misleading because their calculation only
takes into consideration random variation of data. It
ignores the systematic errors, the biases, and confound-
ers that will almost invariably overwhelm the statistical
variation.11 In addition, specific limitations of the Dan-
ish register studies—such as sparse information regard-
ing relevant prognostic factors and limited validity of
information regarding exposure and clinical out-
comes25—increase the effect of bias and confounding
compared with the Transatlantic Active Surveillance
on Cardiovascular Safety of Nuvaring study. There-
fore, the Danish register study does not falsify our
results.

In our judgment, the results of this study are valid
within the general limitations of observational research.
We conclude that vaginal ring use and combined OCP
use are associated with a similar risk of venous and
arterial thromboembolisms during routine clinical use.
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