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Abstract

Controversy exists regarding whether oral contraceptives (OCs) containing desogestrel and gestodene are associated with an increased
risk of venous thromboembolism (VTE) versus OCs containing levonorgestrel. We were interested in synthesizing the available data,
exploring explanations for mixed results, and characterizing the degree of uncontrolled confounding that could have produced a spurious
association.

We performed a meta-analysis and formal sensitivity analysis of studies that examined the relative risk of VTE for desogestrel and
gestodene versus levonorgestrel. Twelve studies, all observational, were included. The summary relative risk (95% CI) was 1.7 (1.3–2.1;
heterogeneity p� 0.09). If real, the incremental risk of VTE would be about 11 per 100,000 women per year. An association was present
when accounting for duration of use and when restricted to the first year of use in new users. However, in the sensitivity analysis, the
association abated in many, but not all, scenarios in which an unmeasured confounding factor increased the risk of VTE three to fivefold
and in nearly all examined scenarios in which the factor increased the risk 10-fold.

The summary relative risk of 1.7 does not appear to be caused by depletion of susceptibles, but is sensitive to a modest degree of
unmeasured confounding. Whether such confounding occurred is unknown. However, given this sensitivity, this issue probably cannot be
settled unequivocally with observational data. In the absence of a definitive answer, this apparent increased risk, together with its uncertainty
and small magnitude and its important consequences, should be considered when selecting an OC for a given woman. © 2001 Elsevier
Science Inc. All rights reserved.
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1. Introduction

Oral contraceptives (OCs) have been used since the
1960s and are currently taken by approximately 100 million
women worldwide [1]. Desogestrel- and gestodene-contain-
ing OCs (sometimes called third generation OCs) were
introduced in Europe in 1981 and 1987, respectively [2,3].

In 1995, data began to emerge from observational studies
suggesting that desogestrel and gestodene may be associ-
ated with a higher risk of pulmonary embolism and deep
vein thrombosis (collectively referred to as venous throm-
boembolism or VTE) than were OCs containing levonorg-
estrel with comparable amounts of ethinyl estradiol (EE).
However, as additional data and re-analyses emerged, these
results were not always replicated.

The likelihood of a cause-effect relationship has been the
subject of protracted debate. As summarized elsewhere
[4–6], the most plausible arguments that the observed as-
sociations are spurious take two related forms. The first is
that the association is due to unmeasured confounding.
Confounding is the presence of a factor that is associated
both with the exposure of interest (in this case, the selection
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of an OC containing desogestrel or gestodene rather than
levonorgestrel) and with the outcome of interest (in this
case, VTE). To have affected the study results, a confounder
would need to have been inadequately adjusted for in the
studies showing an association. For example, if third gen-
eration OCs were preferentially prescribed to women who,
because of factors not adequately adjusted for, were at an
increased risk of VTE, then these agents would be associ-
ated with VTE even if there were no cause-effect relation-
ship. This concern is often referred to as “selection bias,”
“prescription bias,” “ confounding by indication,” or “chan-
neling.” [4–8]. The degree of unmeasured confounding that
could have produced the observed associations has not been
formally characterized.

A second argument that the observed association is spu-
rious involves a phenomenon known as “depletion of sus-
ceptibles.” Depletion of susceptibles occurs when the risk of
an outcome appears to decline over time because those at
highest risk for the event experience it early, leaving fewer
high-risk individuals remaining in the population at later
time periods. According to this argument, because deso-
gestrel and gestodene were introduced into the market more
recently than levonorgestrel, any given group of desogestrel
and gestodene users is likely to contain a higher proportion
of new starters of OCs than any given group of levonorg-
estrel users, and thus to contain a higher proportion of
individuals with an elevated risk for VTE, because the
“susceptibles” have not yet been depleted. Therefore, ac-
cording to this argument, the observed associations may
have resulted from the comparison of new users of deso-
gestrel and gestodene with longer-term users of levonorg-
estrel. Thus, the “depletion of susceptibles” concern can be
re-stated as failure to adequately account for duration of oral
contraception use.

We set out to assemble all of the available data that
assess the relative risk of VTE from desogestrel and gesto-
dene versus levonorgestrel, to perform a quantitative syn-
thesis, and to explore explanations for any variability in
study results. In addition, we wished to characterize the
degree of confounding that could have produced the ob-
served association if, in truth, there were no cause-effect
relationship. This would permit future discussion to focus
on the plausibility of a given degree of confounding. We
therefore performed a meta-analysis and formal sensitivity
analysis of studies that examined the relative risk of VTE
for OCs containing desogestrel and gestodene versus
levonorgestrel.

2. Materials and methods

2.1. Meta-analysis

2.1.1. Identification and abstraction of data
In accordance with a written protocol, we performed a

computer literature search in March 2000 using the search

strategy listed in the Appendix. All citations identified by
this search (including the abstract, where available electron-
ically) were reviewed by two reviewers, and the article was
obtained if either reviewer thought that the article might
meet the inclusion criterion or might contain references to
papers meeting the inclusion criterion. We also examined
the reference lists of retrieved articles.

Articles were included if they presented a relative risk
estimate (or data sufficient to calculate a relative risk esti-
mate) for deep vein thrombosis and/or pulmonary embolism
for OCs containing gestodene or desogestrel plus EE at a
dose of �50 mcg versus OCs containing levonorgestrel or
other progestins plus EE at a dose of �50 mcg. We did not
exclude studies on the basis of language or publication
status (e.g. full article, abstract, manuscript, letter, etc.). We
also sent an initial list of articles meeting the inclusion
criterion to both the first author and apparent senior author
of identified articles, to the US offices of major OC manu-
facturers, and to the US Food and Drug Administration,
requesting that they identify any published or unpublished
literature that was missed by our search.

Articles meeting the inclusion criterion were abstracted
independently by two reviewers, who recorded the relevant
relative risks, confidence intervals, and contingency table
counts. The results of the two reviews were compared elec-
tronically, with discrepancies resolved by referring to the
source article. We decided a priori not to calculate formal
quality scores, but rather to examine features of studies as
determinants of study results.

2.1.2. Calculation of summary relative risk estimates and
evaluation of heterogeneity

When the original article did not report the relative risk
of interest but did report figures that permitted their calcu-
lation, we performed these calculations. We computed 95%
CIs for these derived relative risks, using the method of
Greenland and Longnecker [9] when necessary to estimate
the relevant covariance terms. If multiple relative risks were
available for a given study or population, we included the
best adjusted, most comprehensive result. When the best
adjusted was not also the most comprehensive result, we
gave preference to the best adjusted result and performed a
secondary analysis by using any alternative value.

We used a random effects model to calculate summary
estimates of the relative risk and performed a secondary
analysis by using a fixed effects model [10]. All confidence
intervals reported are 95%. We also performed a statistical
test of the relationship between study size and relative risk
to assess the possibility of publication bias [11]. In addition,
we performed a statistical test of heterogeneity [12] and
evaluated study-specific factors as sources of heterogeneity
by examining estimates for different levels of those factors.
For example, to examine the effect of accounting for dura-
tion of therapy, we examined results that accounted for and
did not account for duration of exposure in studies in which
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both estimates were available. All meta-analytic summaries
were calculated by using STATA version 6.0 (STATA
Corporation, College Station, Texas). In particular, we used
the “meta” program (sbe 16.2) and the “metabias” program
(sbe 19.1).

2.2. Sensitivity analysis

To examine the sensitivity of the summary effect esti-
mate to different degrees of uncontrolled confounding, we
performed a sensitivity analysis by using the method of
Greenland [13], which relies on a 2 � 2 contingency table
for the association being examined. To produce this table,
we undertook a three-step process. First, we abstracted,
wherever possible, the 2 � 2 table from each study. Second,
we summed each quadrant of the 2 � 2 tables across studies
to produce a single, unadjusted 2 � 2 table. However, such
a table would not be expected to result in the summary odds
ratio from the meta-analysis. Therefore, using the method of
Greenland and Longnecker [9], we next held constant the
resulting row and column totals of cases, controls, exposed,
and unexposed (i.e. the margins) and adjusted the 2 � 2
table to reflect the summary odds ratio from the meta-
analysis. We then used this imputed 2 � 2 table as the
“observed” table that served as the basis of the sensitivity
analysis.

We then calculated [13] what the true odds ratio and 95%
CI would be under various scenarios concerning a single,
hypothetical, unmeasured dichotomous confounding factor,
or multiple such factors acting in concert to produce a joint
effect of a given magnitude. In particular, we posited sce-
narios in which the prevalence of an unmeasured con-
founder in women taking levonorgestrel ranged from 5% to
40%, and was 1.5-, 2-, or 3-times more common in women
receiving desogestrel or gestodene and in which the unmea-
sured confounder increased the risk of VTE by a factor of 2,
3, 4, 5, or 10. Because most published discussions have
focused on whether unmeasured confounders have artifi-
cially elevated the observed associations, our sensitivity
analysis considered only unmeasured confounding that
would have resulted in an overestimate of the true odds
ratio. Of course, confounding in the opposite direction could
also have occurred.

3. Results

3.1. Meta-analysis

The computer literature search produced a total of 2609
references, and the manual methods produced an additional
36 references, for a total of 2645 citations screened. From
these, we identified a total of 11 studies of different popu-
lations that met the inclusion criterion. Two additional stud-
ies meeting the inclusion criterion and published after our
initial literature review [14,15] were also included (Table

1). One of these studies [14] supplanted the originally se-
lected study [45] of the General Practice Research Database,
a population that served as the basis for a number of poten-
tially eligible articles. We chose the most recent eligible
publication [14] because it included the most comprehen-
sive time period of any available study. However, this
choice had little impact on the summary relative risk (data
not shown). Several articles [52–54] examined the risk of
VTE from third generation OCs versus all other OCs, but
were not included because they did not allow a comparison
among products with �50 mcg EE. All studies meeting the
inclusion criterion used an observational design.

Based on the 12 studies identified, the random effects
summary relative risk for the effect of desogestrel or ges-
todene versus levonorgestrel was 1.7 (1.3–2.1; Table 1; Fig.
1). This summary estimate varied little based on the choice
of available effect measures from a given population (data
not shown). The fixed effects relative risk was very similar:
1.6 (1.4–1.9). A statistical test did not suggest the presence
of publication bias (p � 0.8) [11]. The statistical test for
heterogeneity resulted in a p value of 0.09, which we con-
sidered suggestive of differences among study results, given
the limited statistical power of such tests [55,56]. Stratifying
the results by study design, the cohort and nested case-
control studies had a summary relative risk of 1.6 (1.0–2.5),
while the non-nested case-control studies had a summary
relative risk of 1.7 (1.3–2.2).

Four studies presented data allowing us to examine the
impact of controlling for duration of contraceptive use
within that study (Table 2). In those four studies, accounting
for the effect of duration had a modest effect on the relative
risk, reducing it from 2.1 (1.5–2.9) to 1.8 (1.2–2.8).

Three studies presented relative risks for less than 1
year of use in new users of OCs (Table 3). In these
studies, there was a consistently elevated relative risk in
the first year of use, with a summary odds ratio of 2.7
(1.4 –5.4). In new users, there was also an increased risk
in second and later years of use, with a summary odds
ratio of 2.8 (1.0 –7.4).

In most studies, the numerator for the relative risk of
interest included two desogestrel formulations (desogestrel
150 mcg with EE 20 mcg and desogestrel 150 mcg with EE
30 mcg) and one gestodene formulation (gestodene 75 mcg
with EE 30 mcg). In five studies [14,19,31,35,45], a sepa-
rate estimate was available for each desogestrel formulation.
In these five studies, the summary relative risks for the two
desogestrel formulations were similar: 2.1 (1.2–3.6) and 2.2
(1.5–3.3) for 20 and 30 mcg of EE, respectively. Eight
studies [14,17,19,21,31,35,45,47] presented data separately
for desogestrel and gestodene. In these studies, the summary
relative risks for desogestrel was 2.1 (1.6–2.8); for gesto-
dene it was 1.8 (1.4–2.3), indicating that considering these
two agents together as a group is reasonable on purely
empiric grounds.
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Table 1
Characteristics of studies examining the relative risk of VTE from desogestrel and gestodene versus levonorgestrel with �50 mcg of ethinyl estradiol

Study (Reference
number)

Relative risk
estimate (95% CI)

Design Factors adjusted
for or found not
to be confounders

Comments Exposed
cases

Unexposed
cases

Exposed
controls

Unexposed
controls

AAH Meditel
[16–18]

1.6 (0.6–4.2) Cohort Age by year Not
available

Not
available

Not
available

Not
available

Amsterdam [19] 3.0 (1.2–7.6) Case-control Age by year, family history, calendar
time, center

33 26 34 42

Denmark [20–24] 1.4 (0.8–2.3) Case-control Age by year, age at 1st birth, duration,
body mass index, education, family
history, hypertension during pregnancy,
smoking, diabetes

117 27 118 50

German MediPlus
[25]

0.8 (0.4–1.6) Nested case-
control

Age by year Definitions of 2nd and 3rd generation not
provided.

15 27 64 89

GPRD-Boston
Collaborative
Drug
Surveillance
Program [14,
26,27]

2.3 (1.3–3.9) Nested case-
control

Age by year, index date, medical
practice, body mass index, smoking,
duration of use of OCs switching

64 42 278 291

Leiden
Thrombophilia
Study [28–30]

2.2 (0.9–5.4) Case-control Age by year, family history of venous
thrombosis, factor V Leiden mutation

Gestodene not included in study. Estimate for
triphasic levonorgestrel not included in
reference group because it is grouped with
norethisterone.

37 20 15 18

New Zealand [15] 2.9 (0.5–16.0) Case-control Age by year, weight, medical practice Includes only fatal cases. 12 3 15 8
PHARMO [31,

32]
4.3 (1.8–10.7) Cohort Age by year, duration (�1y, �1y) Includes only new users Not

available
Not
available

Not
available

Not
available

Planned
Parenthood
[33]

1.0 (0.4–2.5) Cohort None Cases ascertained by review of records
maintained by the Planned Parenthood’s risk
management department.

Transnational
[34–43]

1.4 (1.0–1.9) Case-control Age by year, study center, body mass
index, smoking, alcohol use, duration of
OC use before the current exposure,
duration of OC use during the current
exposure

We used results from UK and Germany rather
than “all country” results because the UK and
Germany results were more fully adjusted.
We used the logistic regression model
adjusting for duration of past use and duration
of current episode; because no CI was
reported, we used the standard error from the
same model as above, but not adjusted for
duration of current episode.

137 115 264 354

UK MediPlus
[44–46]

1.2 (0.7–2.1) Nested case-
control

Age by year, body mass index, asthma,
smoking, blood pressure, number of
prescription drugs

53 32 157 132

WHO [47–51] 2.3 (1.4–3.8) Case-control Duration (�1, �1 y), body mass index,
age in 5-year bands, center

Levonorgestrel group contained 1 case and 2
controls exposed to norgestimate 250&EE30.
We used the results stratified on duration of
use to calculate an average relative risk
estimate across duration categories (�1, �1 y).

71 137 56 203

Summary effect
measure across
studies

1.7 (1.3–2.1) (p-
value for hetero-
geneity � 0.09)
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3.2. Sensitivity analysis

Among the 12 studies, 2 � 2 tables were unavailable for
three studies [17,32,33] because they were cohort studies
with person-time in the denominator. Summing the cell
counts for the other nine studies (Table 1) resulted in 539
exposed cases, 429 unexposed cases, 1001 exposed con-
trols, and 1187 unexposed controls. Holding constant the
margin totals of cases (n � 968), controls (n � 2188), exposed
(n � 1540), and unexposed (n � 1616), and adjusting the 2 �
2 table to reflect the summary odds ratio of 1.7, produced an
imputed table of 559 exposed cases, 409 unexposed cases, 981
exposed controls, and 1207 unexposed controls.

This imputed table was used as the basis for the sensi-
tivity analysis, which examined odds ratios and 95% CIs in

a number of scenarios in which we varied the prevalence of
an unmeasured confounding factor among women using the
two categories of OCs, as well as the the magnitude of
association between this unmeasured confounder and the
occurrence of VTE (Table 4). For example, in the scenario
in which an unmeasured factor tripled the risk of VTE and
was present in 20% of women exposed to levonorgestrel
and in 40% of women exposed to desogestrel or gestodene,
the true relative risk accounting for this confounder would
be 1.3 (1.1–1.5), rather than the observed relative risk of
1.7. In general, an association remained in scenarios in
which the unmeasured confounding factor doubled the risk
of VTE. In scenarios in which the factor increased the VTE
risk 10-fold, the association generally abated unless the
relative prevalence of the factor differed by 50% or less
between study groups. For scenarios in which the factor
increased the risk of VTE by a factor of 3–5, the presence
of a significant association varied according to the preva-
lences in the study groups.

4. Discussion

The summary relative risk of VTE associated with use of
desogestrel and gestodene versus levonorgestrel was 1.7

Table 2
Relative risk estimates for VTE in users of OCs containing desogestrel
or gestodene versus levonorgestrel in studies in which estimates
accounting for and not accounting for the effect of duration were
available

Study Relative risk estimate
(95% CI) not accounting
for differences in
duration of therapy

Relative risk estimate
(95% CI) accounting for
differences in duration of
therapy

Denmark 1.6 (1.0–2.7) 1.4 (0.8–2.3)
PHARMO 4.2 (1.7–10.2) 4.3 (1.8–10.7)
Transnational 1.8 (1.3–2.5) 1.4 (1.0–1.9)
WHO 2.7 (1.6–4.6) 2.3 (1.4–3.8)
Summary 2.1 (1.5–2.9) 1.8 (1.2–2.8)

(p-value for
heterogeneity � 0.17)

(p-value for
heterogeneity � 0.06)

Table 3
Relative risk estimates for VTE for OCs containing desogestrel or
gestodene versus levonorgestrel in studies in which estimates for early
and late use in first-time users were available

Study Relative risk estimate
(95% CI) for �1 year
use in first-time users

Relative risk estimate
(95% CI) for �1 year
use in first-time users

Netherlands 3.3 (1.2–8.9) 8.1 (1.0–63.6)
Transnational 2.2 (0.7–7.3) 1.5 (0.7–3.2)
WHO 2.4 (0.5–11.3) 4.4 (1.1–17.2)
Summary 2.7 (1.4–5.4) 2.8 (1.0–7.4)

(p-value for
heterogeneity � 0.86)

(p-value for
heterogeneity � 0.18)

Fig. 1. Relative risk and 95% CIs for the relative risk of venous thrombo-
embolism in users of oral contraceptives containing desogestrel or gesto-
dene versus levonorgestrel.
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(1.3–2.1) from the available studies, all of which are obser-
vational. The direction of the association was reasonably
consistent across studies and across study designs. Although
consistency enhances the plausibility of an association, it
also remains possible that the same sources of bias, or even
different sources of bias acting in the same direction, could
have produced such consistency. The summary estimate
depended little on the choice of a random versus fixed
effects meta-analytic model, choice of estimates from indi-
vidual studies, or grouping versus separating the two deso-
gestrel products together with gestodene.

The available data suggest that confounding by duration
of exposure (and therefore, bias caused by depletion of
susceptibles) does not account for the observed association.
This is because an association was evident in analyses that
accounted for duration of exposure and because depletion of
susceptibles could not have produced the association that
was present in the first year of use among new users.

Well-known factors that may influence the risk of VTE
had been removed as sources of potential confounding in
the major studies through exclusion, matching, or statistical
adjustment (Table 1). However, unmeasured confounding is
always a concern in observational studies and consequently
in meta-analyses of their results. It is for this reason that we
performed a formal sensitivity analysis to quantify the de-
gree of unmeasured confounding that could have produced
the observed association if there were no cause-effect rela-
tionship.

In the sensitivity analysis, the association abated in
many, but not all, examined scenarios in which the unmea-

sured factor increased the risk of VTE by a factor of 3–5 and
in nearly all in which the factor increased the risk of VTE
10-fold. Although no firm standards exist, we believe that
this result indicates sensitivity to modest confounding. This
sensitivity is not surprising given that the summary relative
risk was 1.7, which is conventionally considered a weak
association. Furthermore, this sensitivity analysis only ex-
amined the effect of a single unmeasured dichotomous con-
founding factor or multiple confounders whose joint effect
was of the same magnitude. Naturally, the results would be
even more sensitive to the presence of additional unmea-
sured confounding.

Sensitivity to a modest degree of confounding is not,
however, evidence that such confounding actually occurred.
Thus, although one need not invoke strong unmeasured
confounding to argue that the association is spurious, the
existence of any degree of unmeasured confounding re-
mains open to discussion. For example, although there are
known genetic factors that increase the risk of VTE by a
factor of 10 or more [5], whether exposure to different OC
formulations varies according to correlates of these factors
remains unknown. Other examples of possible risk factors
for VTE are family history, with a relative risk of about 3
[28]; elevated body mass index, with a relative risk of about
2–5 [45,48]; and history of varicose veins, with a relative
risk of about 4 [48]. Had the summary relative risk been
insensitive to a high degree of confounding (e.g., a con-
founder that increased the risk of VTE 10-fold), then it
might well have been reasonable to dismiss that degree of
confounding as implausible in this setting. It is more diffi-

Table 4
Odds ratios and 95% CIs for the association between VTE and OCs containing desogestrel or gestodene versus those containing levonorgestrel,
assuming 559 exposed cases, 409 unexposed cases, 981 exposed noncases, and 1207 unexposed noncases, for a measured odds ratio of 1.7 (1.4–2.0),
and varying assumptions about the prevalence of an unmeasured confounder and the odds ratio for the association between the unmeasured confounder
and the occurrence of VTE

Prevalence of
confounder in
women
receiving
levonorgestrel
(%)

Prevalence of
confounder in
women
receiving
desogestrel or
gestodene
(%)

True odds ratio (95%
CI) if the odds ratio
for the association
between the
confounder and VTE
� 2

True odds ratio (95%
CI) if the odds ratio
for the association
between the
confounder and VTE
� 3

True odds ratio (95%
CI) if the odds ratio
for the association
between the
confounder and VTE
� 4

True odds ratio (95%
CI) if the odds ratio
for the association
between the
confounder and VTE
� 5

True odds ratio (95%
CI) if the odds ratio
for the association
between the
confounder and VTE
� 10

5 7.5 1.6 (1.4–1.9) 1.6 (1.4–1.9) 1.6 (1.3–1.8) 1.5 (1.3–1.8) 1.5 (1.2–1.7)
5 10 1.6 (1.4–1.9) 1.5 (1.3–1.8) 1.5 (1.3–1.7) 1.4 (1.2–1.7) 1.3 (1.1–1.5)
5 15 1.5 (1.3–1.8) 1.4 (1.2–1.7) 1.3 (1.1–1.6) 1.3 (1.1–1.5) 1.0 (0.9–1.2)

10 15 1.6 (1.4–1.9) 1.5 (1.3–1.8) 1.5 (1.3–1.8) 1.5 (1.2–1.7) 1.4 (1.1–1.6)
10 20 1.5 (1.3–1.8) 1.4 (1.2–1.7) 1.4 (1.2–1.6) 1.3 (1.1–1.5) 1.1 (1.0–1.4)
10 30 1.4 (1.2–1.7) 1.3 (1.1–1.5) 1.1 (1.0–1.4) 1.1 (0.9–1.3) 0.9 (0.7–1.0)
20 30 1.5 (1.3–1.8) 1.5 (1.3–1.7) 1.4 (1.2–1.7) 1.4 (1.2–1.6) 1.3 (1.1–1.5)
20 40 1.4 (1.2–1.7) 1.3 (1.1–1.5) 1.2 (1.0–1.4) 1.2 (1.0–1.4) 1.0 (0.9–1.2)
20 60 1.3 (1.1–1.5) 1.1 (0.9–1.3) 1.0 (0.8–1.1) 0.9 (0.7–1.1) 0.7 (0.6–0.9)
30 45 1.5 (1.3–1.8) 1.4 (1.2–1.7) 1.4 (1.2–1.6) 1.3 (1.1–1.6) 1.2 (1.0–1.5)
30 60 1.4 (1.2–1.6) 1.2 (1.0–1.4) 1.1 (1.0–1.3) 1.1 (0.9–1.3) 1.0 (0.8–1.2)
30 90 1.1 (1.0–1.4) 1.0 (0.8–1.2) 0.9 (0.7–1.0) 0.8 (0.7–1.0) 0.7 (0.6–0.8)
40 60 1.5 (1.3–1.7) 1.4 (1.2–1.6) 1.3 (1.1–1.5) 1.3 (1.1–1.5) 1.2 (1.0–1.4)
40 80 1.3 (1.1–1.5) 1.2 (1.0–1.4) 1.1 (0.9–1.3) 1.0 (0.9–1.2) 0.9 (0.8–1.1)

Boldface type indicates p � 0.05.
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cult, however, to dismiss the possibility of a modest degree
of confounding in observational data such as these. There-
fore, it seems doubtful that observational studies will be
able to unequivocally discern whether the observed weak
association is causal or spurious. The conduct of a random-
ized trial large enough to definitively answer this question
would be a challenging endeavor.

If the observed relative risk of 1.7 represents a true
cause-effect relationship, then the incremental risk of VTE
in young women is numerically small, from about 15 per
100,000 in women per year for levonorgestrel [57] to about
26 per 100,000 per year for desogestrel or gestodene. How-
ever, about 2% of individuals in this population experienc-
ing VTE will die from it [58], and about 20% will experi-
ence a post-thrombotic syndrome [58], which can cause
long-term disability [59].

In conclusion, results of observational studies indicate
that desogestrel and gestodene appear to increase the risk of
VTE by approximately 1.7-fold versus levonorgestrel. Al-
though this association does not appear to be caused by
depletion of susceptibles, a modest degree of unmeasured
confounding could have produced such an association. Be-
cause of this sensitivity to unmeasured confounding, it is
doubtful that this causal question can be answered defini-
tively by using observational data. In the absence of a
definitive answer, this apparent increased risk, together with
uncertainty, small magnitude, and its important individual
consequences should be considered when selecting an OC
for a given woman.

Appendix: Bibliographic Search Strategy

Medline

1. exp contraceptive agents, female/
2. exp norpregnenes/
3. exp desogestrel/[No MESH terms exist for gestodene]
4. “contracep$” .mp
5. “norpregnene$” .mp
6. “desogestrel$” .mp
7. “gestodene$” .mp
8. “norgestimate$” .mp
9. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8

10. exp thrombosis/
11. exp pulmonary embolism/
12. “ thromb$” .mp
13. “embol$” .mp
14. 10 or 11 or 12 or 13
15. 9 and 14
16. limit 15 to human
17. limit 16 to yr � 1975–2000 [first of 3rd generation

agents was registered as a potential drug in 1975]

Note that “exp” refers to explode, meaning to identify
articles including that term, even if the article is not focused
on that term. This is in contrast to “ focus.” The suffix “$” is

the appropriate wildcard in these databases. The suffix
“ .mp” indicates that the term will be searched for as free text
in the title, abstract (where available), and MeSH terms
(where available). Thus, this strategy makes maximal use of
MeSH indexing, although it does not rely on correct or
complete indexing.

Healthstar

Same strategy as for MedLine, with the additional qual-
ifier “not included in Medline.”

Cumulative index to nursing and allied health (CINAHL)

1. exp contraceptives, oral/
2. “contracep$” .mp
3. “norpregnene$” .mp
4. “desogestrel$” .mp
5. “gestodene$” .mp
6. “norgestimate$” .mp
7. 1 or 2 or 3 or 4 or 5 or 6455555
8. exp thrombosis/
9. exp pulmonary embolism/

10. “ thromb$” .mp
11. “embol$” .mp
12. 8 or 9 or 10 or 11 13.7 and 12

[CINAHL goes back only as far as 1982, so no date
restriction is needed.]

Science citation index (SCI)

(contracep or norpregnene or desogestrel or gestodene or
norgestimate) and (thromb or embol)
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