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Abstract
Objective To evaluate quantitatively articles that
compared effects of second and third generation oral
contraceptives on risk of venous thrombosis.
Design Meta-analysis.
Studies Cohort and case-control studies assessing risk
of venous thromboembolism among women using
oral contraceptives before October 1995.
Main outcome measures Pooled adjusted odds ratios
calculated by a general variance based random effects
method. When possible, two by two tables were
extracted and combined by the Mantel-Haenszel
method.
Results The overall adjusted odds ratio for third
versus second generation oral contraceptives was 1.7
(95% confidence interval 1.4 to 2.0; seven studies).
Similar risks were found when oral contraceptives
containing desogestrel or gestodene were compared
with those containing levonorgestrel. Among first
time users, the odds ratio for third versus second
generation preparations was 3.1 (2.0 to 4.6; four
studies). The odds ratio was 2.5 (1.6 to 4.1; five studies)
for short term users compared with 2.0 (1.4 to 2.7; five
studies) for longer term users. The odds ratio was 1.3
(1.0 to 1.7) in studies funded by the pharmaceutical
industry and 2.3 (1.7 to 3.2) in other studies.
Differences in age and certainty of diagnosis of
venous thrombosis did not affect the results.
Conclusions This meta-analysis supports the view
that third generation oral contraceptives are
associated with an increased risk of venous
thrombosis compared with second generation oral
contraceptives. The increase cannot be explained by
several potential biases.

Introduction
In 1995-6 increased risks of venous thrombosis were
reported among women using so called third
generation oral contraceptives compared with second
generation products, with odds ratios ranging from 1.5
to 2.2.1–4 Other investigators suggested that confounding, bias, or both, accounted for the findings.5–8 New
studies were performed,7 9 10 and many subgroup
analyses published,6 11 12 but the debate continues.13 In
1999, Farley et al reported a meta-analysis and found
an increased risk of 1.9 (95% confidence interval 1.5 to
2.2).14 However, their aim was to review qualitatively the
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arguments claiming that the difference in risk for
different oral contraceptives is not real. They did not
formally consider characteristics of the included
studies that might affect their results. In the present
meta-analysis we quantified these aspects.

Methods
We searched Medline for articles published from
October 1995 to December 2000 using the terms third
generation oral contraceptives, desogestrel, and
gestodene combined with thromboembolism and
venous thrombosis. We retrieved additional references
from reviews, other articles of interest, and experts in
the field. We reviewed all English language articles
containing original data on third generation oral contraceptives and venous thrombosis. Inclusion criteria
were (a) cohort or case-control design, (b) cases defined
as women with venous thrombosis or thromboembolism, (c) sufficient data provided to reconstruct two by
two tables or determine relative risk and confidence
intervals, (d) data collected before November 1995, and
(e) data collected in Western countries. We chose October 1995 as the end date because at that time four
studies were published relating third generation oral
contraceptives to venous thrombosis.1–4 Consequently,
changes in prescription of oral contraceptives may
have potentially affected the results of later studies. To
avoid heterogeneity, we included studies in only Western countries.
We systematically abstracted data, resolving
ambiguous information through discussion between
us. Firstly, we analysed the results of studies that
compared the risk of venous thrombosis between third
and second generation oral contraceptive users. To
assess the influence of different definitions of second
and third generation oral contraceptives between studies, we analysed oral contraceptives with specified and
unspecified progestagen components separately. Next,
we did stratified analyses to explore the patterns of
risks in subgroups that may be less or more susceptible
to bias. Stratification factors were first time users, age
( < 25 v >25 years), duration of oral contraceptive use
( < 1 year v >1 year), confirmed cases, and source of
funding (non-industry versus industry sponsored studies explicitly mentioned in the acknowledgement).
Cases were considered confirmed when venous
thrombosis was objectively diagnosed (by ultrasound
examination, plethysmography, or venography). A
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Third generation oral contraceptives and risk of venous
thrombosis: meta-analysis

Papers

Controls
n

Odds ratio
unadjusted
(95% CI)

Odds ratio
adjusted
(95% CI)

31/80
72/89
30/23
37/20
48/31
28/26

26/129
137/311
91/141
15/18
41/54
30/42

1.9*
1.8
2.0
2.2
2.0
1.5

2.3†
2.2
2.2
0.8
-

246/269

340/695

1.9 (1.5 to 2.3)

1.7 (1.2 to 2.6)

22/80
55/89
22/23
69/31
5/26

23/129
112/311
68/141
77/54
4/42

1.5*
1.7
2.0
1.6
2.0

2.0†
2.1
0.9
-

173/249

284/677

1.7 (1.3 to 2.2)

1.5 (1.2 to 2.4)

Odds ratio
adjusted
(95% CI)

Desogestrel v levonorgestrel
WHO1
Spitzer4
Jick2
Bloemenkamp3
Farmer5
Lidegaard7
Bloemenkamp9
Total
Gestodene v levonorgestrel
WHO1
Spitzer4
Jick2
Farmer5
Lidegaard7
Bloemenkamp9
Total

Third v second generation (type of progestagen unspecified)
WHO1
Spitzer4
Farmer5
Lidegaard7
Farmer32
Total

Overall

53/156
127/132
117/34
15/27

51/236
249/402
118/60
64/89

1.6
1.6
1.7
0.8

1.5
1.3
1.4
-

312/349

482/787

1.5 (1.2 to 1.8)

1.4 (1.1 to 1.9)

1.6 (1.3 to 1.9)

1.7 (1.4 to 2.0)
0.3

0.5

1.0

2.0

3.0

4.0

5.0 6.0

* Women from Western countries (Germany and Oxford region)
† Women from Oxford region only

Fig 1 Overall odds ratios and 95% confidence intervals for venous thrombosis with different categories of oral contraceptives

study was included only once if there were multiple
publications. We also did an additional analysis including studies that did not meet the inclusion criteria to
determine their effect on the pooled odds ratio.
Some studies reported only frequencies, whereas
others reported only unadjusted or adjusted odds
ratios. We therefore performed an overall analysis
based on the adjusted odds ratios and on the two by
two tables separately. We calculated adjusted odds
ratios by pooling adjusted odds ratios from individual
studies using a general variance based random effects
method, weighting individual study results by the
inverse of their variance.15 Odds ratios accurately
estimate relative risks when risks of disease are small,
and we therefore used the same method for
case-control and cohort studies.16 We tested homogeneity between studies—that is, the hypothesis that the
differences between the reported odds ratios were due
only to random error around the true odds ratio.
Results were considered heterogeneous when homogeneity was unlikely (P < 0.10). To determine the stability of the overall risk estimate, we did a sensitivity
analysis in which each study was successively
eliminated.
If possible we also extracted or recalculated two by
two tables. We combined the odds ratios from the individual studies using the Mantel-Haenszel method,15
providing a crude odds ratio. For subgroup analyses,
we pooled adjusted and unadjusted results because of
the limited number of studies with subgroup data,
resulting in a pooled odds ratio.
2

Results
Of 114 studies identified, 27 were considered
potentially relevant.1–7 9–12 17–32 Ten studies, comprising
nine case-control (table 1) and three cohort studies
(table 2), examined use of oral contraceptives and risk
of venous thrombosis. Three studies provided
additional analyses on earlier reported results,6 11 17
and were included in our stratified analysis. Fourteen
studies failed to meet one or more inclusion criteria,
because they did not contain original data,18–24
included patients after October 1995,12 25–27 or
compared third generation oral contraceptives with a
combined group of first and second generation oral
contraceptives.28–30
Overall analysis
The overall adjusted odds ratio for third versus second
generation oral contraceptives for the risk of venous
thrombosis was 1.7 (95% confidence interval 1.4 to
2.0), with no heterogeneity (P = 0.78).2–5 7 9 31 In a sensitivity analysis, the adjusted odds ratio varied between
1.6 and 1.8, and the 95% confidence interval never
included 1. The crude odds ratio was similar to the
adjusted odds ratio (crude odds ratio = 1.6, 95% confidence interval 1.3 to 1.9).1–3 4 7 9 32
The overall results were not materially dependent
on definitions of oral contraceptives (fig 1 ). For all subgroups, crude odds ratios, based on the two by two
tables were similar to adjusted odds ratios. In a sensitivity analysis comparing desogestrel with levonorgestrel
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Study

Cases
n

Papers

Author

Study
type

Setting

Study
period

Study
population

Assessment of
exposure

Method of
ascertainment

% with firm
diagnosis
Inclusion criteria

Matching
factors

Control
factors

Additional
and extended
studies

Studies comparing second and third generation oral contraceptives
WHO1

Casecontrol

Hospital
patients in
21 centres
worldwide
matched
with control
subjects
from same
centres

Feb
1143 DVT and
1989-Jan PE cases and
1993
2998 controls

All cases and
controls
interviewed in a
standard way by
questionnaire.
Identification of
oral contraceptive
type was assisted
by showing
samples or
pictures of locally
available
formulations

Review of
medical history,
examination, and
investigations

58%
definite,
28%
probable,
7%
possible,
and 8%
unspecified
(unspecified
cases were
excluded
from
analysis)

Women aged 20-44
years with discharge
diagnosis of DVT or
PE. Those who died
within 24 h of
admission, who had a
history of stroke, DVT,
PE, acute MI, or
natural or surgical
menopause, or who
had a recent history of
pregnancy (within 6
weeks), major illness
causing prolonged bed
rest, or surgery were
excluded

Age and
study
centre

Hypertension
in
pregnancy

WHO31

Casecontrol

Hospital
patients in
10 centres
worldwide
matched
with control
subjects
from same
centres

Feb
769 VTE cases
1989-Jan matched with
1993
1979 hospital
controls and
246 community
controls
(general
practice based)

All cases and
controls were
interviewed in a
standard way by
questionnaire.
Identification of
oral contraceptive
type was assisted
by showing
samples or
pictures of locally
available
formulations

Review of
medical history,
examination, and
investigations

42%
definite,
42%
probable,
9%
possible,
and 7%
unspecified
(unspecified
cases were
excluded
from
analysis)

Women aged 20-44
years with discharge
diagnosis of DVT or
PE. Those who died
within 24 h of
admission, who had a
history of stroke, DVT,
PE, acute MI or
natural or surgical
menopause, or who
had a recent history of
pregnancy (within 6
weeks), major illness
causing prolonged bed
rest, or surgery were
excluded

Hospital
controls:
age
matched
community
controls:
age and
practice
matched

Body mass
index,
alcohol use,
varicose
veins,
hypertension
in
pregnancy
and
smoking

Farley17.
stratification
by duration of
use and first
time users

Jick2

Nested
casecontrol

General
practices in
United
Kingdom
(general
practice
research
database)

1991-4

75 cases of
non-fatal VTE
and 300
controls who
were current
oral
contraceptive
users

Questionnaire to
attending general
practitioner

Review of
medical history
(computer
records),
examinations,
and
investigations

64%
confirmed
and 36%
possible
cases

Women without a
history of venous
thromboembolism,
stroke, acute MI,
cancer, epilepsy,
diabetes, treated
hypertension,
hyperlipidaemia, and
cystic fibrosis

Age,
general
practice
and index
date of
case

Smoking
and body
mass index

Farmer25.
inclusion of
patients from
1992-Jun
1997. Jick2.
inclusion of
patients from
Jan 1993 to
Dec 1999.
Vasilakis27.
inclusion of
patients to Oct
1996

Bloemenkamp3 Population
based
casecontrol

Three
anticoagulant
clinics in
Netherlands

Jan
1988Dec
1992

126 women
with DVT and
159 controls

Interview
supplemented by
data from
hospital
discharge letter

Objectively
confirmed
diagnosis of DVT

100%

Premenopausal
women, aged 15-49,
who were at the time
of their thrombosis not
pregnant, nor in the
puerperium, had not
had a recent
miscarriage, and had
not used injectable
progestagens

Age,
Age
although
because of
inclusion
criteria
and age
cut-off,
many
pairs were
no longer
intact in
database.
Therefore,
analysis
was
unmatched

Spitzer4

10 centres
1993-Oct 471 cases with
in United
1995
venous
Kingdom
thromboand
embolism and
Germany
1772 controls
(transnational
study)

Personal
interviews.
Exposure to oral
contraceptives
was confirmed by
inspecting
patients’ packets
of pills in
samples of the
cases and
controls

Physical
examination,
imaging
procedures, and
necropsy reports

100%

Women aged 16-44
years. The other
inclusion and
exclusion criteria for
both cases and
controls are published
separately.

Age and
hospital or
community
setting

Hospital
and
population
based
casecontrol
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Age,
smoking,
alcohol use,
study
centre,
body mass
index, and
duration of
oral
contraceptive
use

Suissa6.
stratification
by duration of
use among
first time
users. Lewis11.
stratification
by age.
Suissa24.
subgroup
analysis in
switchers and
repeated
users;
inclusion of
patients until
1996

3
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Table 1 Case-control studies of oral contraceptives and the risk of venous thromboembolism

Papers

Author

Study
type

Setting

Study
period

Study
population

Assessment of
exposure

Method of
ascertainment

% with firm
diagnosis
Inclusion criteria

Matching
factors

Control
factors

?

Age,
general
practice

Body mass
index,
change in
type of oral
contraceptive
within 3
months of
event, No of
cycles
prescribed,
previous
pregnancy,
concurrent
disease,
and
previous
use of
Shering-PC4

Farmer5

Nested
casecontrol

General
practices in
United
Kingdom
(MediPlus
database)

Sept
83 cases with
1991-Sept VTE or PE and
1995
313 controls
who were
current oral
contraceptive
users

Information from
medical records

Recorded
diagnosis of DVT
or PE and
treatment with
anticoagulant

Farmer32

Nested
casecontrol

General
practices in
Germany
(MediPlus
database)

Oct
1992
-Sept
1995

42 cases with
VTE or PE and
168 controls
who were
current oral
contraceptive
users

Information from
medical records

Recorded
diagnosis of VTE
or PE and
treatment with
anticoagulant

Lidegaard7

Population
based
casecontrol

All Danish
hospitals
(the national
patient
register)

1994-5

523 cases and
1074 controls

Postal
questionnaire

Computer
records based on
Danish national
patient register.
Certainty of
diagnosis based
on patient’s
confirmation,
diagnostic
investigations,
and
anticoagulant
therapy after
diagnosis

2 medical
centres in
the
Netherlands

Sept
185 cases with
1982-Oct an objective
1995
diagnosis of
DVT and 591
controls who
were referred
with the same
clinical
suspicion but
who had no
thrombosis

Questionnaire
completed by
nurse

Clinical
evaluation and
diagnostic tests

Bloemenkamp9 Casecontrol

Women born between
1941 and 1981,
without a previous
episode of VTE, a
trauma or a surgical
operation within the
previous 3 months, or
were within 3 months
of delivery or
termination of
pregnancy, or had
been prescribed
“morning-after” oral
contraceptives within
4 weeks of the event

Women aged 18-49
Age
years. Patients with
superficial venous
events, those whose
anticoagulant therapy
was not related in time
to the VTE event,
those who did not
have a prescription for
an oral contraceptive
covering the event
day, and those who
had evidence of a
previous episode of
VTE were excluded

None. Too
few women
with body
mass index
blood
pressure, or
smoking
habits
recorded to
allow
inclusion as
possible
confounders

62%
definite,
34%
probable,
and 4%
uncertain
cases

Women aged 15-44
years with a first event
of DVT or PE.
Pregnant women and
women with previous
cardiovascular disease
were excluded from
multivariate analysis.

—

Age, age at
first birth,
and
smoking

100%

Women aged 15-49
years. Women without
clinical symptoms,
with venous
thrombosis at sites
other than the legs,
with a history of DVT
or PE, and known to
have inherited clotting
defects were excluded.
Pregnant women and
women with malignant
neoplasm’s were also
excluded

—

Age,
calendar
time, family
history of
venous
thrombosis,
study
centre

Additional
and extended
studies
Todd12.
inclusion of
patients from
Jan 1992 to
Mar 1997

Studies comparing third generation and other oral contraceptives (first and second generation)
Andersen28

4

Casecontrol

Regional
hospital
discharge
registries in
the counties
of North
Jutland and
Viborg,
Denmark

1977-?

67 cases with
deep venous
thrombosis or
pulmonary
embolism and
134 control
women

Information from
hospital records

Recorded
100%
diagnosis of
primary non-fatal
VTE. Thrombotic
event was
confirmed when
diagnosed by
phlebography,
ultrasonograpy,
perfusion lung
scanning, or
echocardiography
or when event
led to treatment
with heparin or
anticoagulant

Women aged 18-49
Age and
years without previous area of
episodes of VTE, a
residence
VTE related to surgery,
trauma, pregnancy, the
puerperium,
malignancy,
immobilisation,
chronic inflammatory
diseases or heart
failure
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Table 1 Contd

Papers

Study
type

Author

Setting

Study
period

Study
population

Assessment of
exposure

Method of
ascertainment

27 cases with
thromboembolic
complications
and 16 224
control women

Cases: not
described.
Controls:
statistical
information from
the Swedish
national statistics
office

Recorded
100%
diagnosis of
thromboembolism.
Diagnosis was
confirmed by
intravenous
phelebography,
pulmonary
scintigraphy, or
pulmonary
angiography

Information on
oral contraceptive
use recorded at
time of
thrombosis (for
patients) or time
of blood
sampling (for
controls)

Objectively
documented
episode of deep
venous
thrombosis

Bennet29

Population Regional
based
hospital in
caseSweden
control

Jan
1992Dec
1994

Martinelli30

Population Thrombosis
based
centre in
caseItaly
control

April
162 cases with
1995-April a first episode
1998
of deep venous
thrombosis of
the lower
extremities and
277 healthy
control women

% with firm
diagnosis
Inclusion criteria

100%

Matching
factors

Control
factors

Women aged 16-47
years. Women taking
oral anticoagulants or
with malignant
diseases were
excluded

—

—

Availability of DNA.
Control women with
previous thrombosis
were excluded

—

—

Additional
and extended
studies

PE= pulmonary embolism, DVT=deep vein thrombosis, VTE=venous thromboembolism, MI=myocardial infarction.

containing oral contraceptives the adjusted odds ratio
varied between 1.6 and 2.2, and 95% confidence intervals never included 1. For gestodene versus levonorgestrel containing oral contraceptives the adjusted
odds ratio varied from 1.3 to 2.1 and 95% confidence
intervals included 1 twice, and for third versus second
generation oral contraceptive use without specifying
the progestagen component the adjusted odds ratio
ranged from 1.4 to 1.5. The lower boundary of the 95%
confidence interval varied between 0.9 and 1.1 and the
interval included 1 once.
Stratified analyses
Figure 2 shows that the odds ratio for third versus second generation preparations among first time users
was 3.1 (2.0 to 4.6).4 6 10 17 The odds ratio was 2.5 (1.6 to
4.1) for short term users,2 6 7 10 17 and 2.0 (1.4 to 2.7) for
longer term users.2 6 7 10 17 Source of funding modified
the estimates: the odds ratio was 1.3 (1.0 to 1.7) in studies directly financed by pharmaceutical industries4 5 7 32

and 2.3 (1.7 to 3.2) in other studies.1 2 3 9 10 Differences
in age and certainty of diagnosis of venous thrombosis
did not affect the results, nor did excluding the cohort
study by Herings et al.10
Extended studies
The odds ratio remained essentially the same when the
original studies2 5 were replaced by reports updated
after October 1995.12 25–27 Three studies compared
third generation oral contraceptives with a combined
group of first and second generation drugs.28–30 Adding
two by two table data from these studies to the overall
analysis shown in figure 1 did not change the crude
odds ratio (1.6, 1.3 to 1.9).

Discussion
Our meta-analysis shows that third generation oral
contraceptives are associated with a 1.7-fold increased
risk of venous thrombosis compared with second gen-

Table 2 Cohort studies of oral contraceptives and risk of venous thromboembolism
Author

Study
type

Setting

Study
period

Study
population

Assessment of
exposure

Method of
ascertainment

Firm
diagnosis Inclusion criteria

Control
factors

Jick2

Cohort General practices in
study United Kingdom
(General Practice
Research Database)

Jan
1991-1994

238 130
women who
were current
oral
contraceptive
users

Information
from medical
records

Computer
records

64%

Women without a history of
venous thromboembolism, stroke,
acute myocardial infarction, cancer,
epilepsy, diabetes, treated
hypertension, hyperlipidaemia, and
cystic fibrosis

Age
and
calendar
time

Farmer5

Cohort General practices in
study United Kingdom
(MediPlus database)

Sep
1991–Sep
1995

491 908
women who
were current
oral
contraceptive
users

Information
from medical
records

Recorded
diagnosis of
deep vein
thrombosis or
pulmonary
embolus and
treatment with
anticoagulant

?

Women born between 1941 and
1981, without a previous episode
of venous thromboembolism,
trauma, or surgery within past 3
months, or were within 3 months
of delivery or termination of
pregnancy, or had been prescribed
emergency oral contraceptives
within 4 weeks of the event

Age

1986-95

All female
residents of
8 Dutch cities
(about
450 000)

Information
from the
PHARMO
system

Patient’s
hospital
discharge
records

?

Women aged 15-49 years, who
Year
had ever used an oral
and
contraceptive during 1986-95,
age
without a history of venous
thromboembolism, oral
anticoagulants, depots hormone
preparations, cardiovascular drugs,
emergency contraception, or
hospital admission for any reason
in the 2 months before start of oral
contraceptives

Herings10 Cohort Data were obtained
study from the PHARMO
system, which
includes information
of hospital
admissions and
drug-dispensing
records for all
residents of 8 Dutch
cities

BMJ VOLUME 323

21 JULY 2001

bmj.com

5

BMJ: first published as 10.1136/bmj.323.7305.131 on 21 July 2001. Downloaded from http://www.bmj.com/ on 29 November 2022 by guest. Protected by copyright.

Table 1 Contd

Papers

Study

A meta-analysis depends on the quality of the studies included. Observational studies are susceptible to
bias because other risk factors of venous thrombosis
may be unbalanced across users of second and third
generation oral contraceptives. We did not give quality
scores to included studies because of their inherent
subjectivity and potential to result in diverging
summary estimates.33 However, the key elements
affecting internal validity (ascertainment, diagnostic
and inclusion criteria, exposure assessment, matching,
and control factors),34 were listed in the tables and
investigated in the stratified and sensitivity analyses.

Results (95% CI)

Data stratifications
First time users:
Farley17
Spitzer4
Suissa6
Herings10

3.4 (1.2 to 9.5)†
2.7 (1.3 to 5.7)†
2.6 (1.2 to 5.6)†
4.2 (1.7 to 10.2)*

Total

3.1 (2.0 to 4.6)

Age <25 years:
Lidegaard7
Lewis11
Herings10
Jick2

2.0 (0.6 to 7.1)†
1.5 (0.9 to 2.3)†
8.5 (1.1 to 65.5)*
2.6 (1.2 to 5.6)*‡

Total

1.9 (1.3 to 2.5)

Age >25 years:
Lidegaard7
Lewis11
Herings10
Jick2

1.5 (0.8 to 2.8)†
1.8 (1.2 to 2.7)†
2.8 (1.0 to 7.6)*
2.1 (0.8 to 5.3)§

Total

1.8 (1.3 to 2.5)

Duration of use <1 year:
Farley17
Suissa6
Lidegaard7
Herings10
Jick2

1.9 (0.9 to 3.8)*
3.0 (0.8 to 11.4)†
1.2 (0.3 to 5.3)†
3.3 (1.2 to 8.9)*
7.1 (1.9 to 27.1)*¶

Total

2.5 (1.6 to 4.1)

Duration of use >1 year:
Farley16
Suissa6
Lidegaard7
Herings14
Jick2

2.7 (1.3 to 5.4)*
2.2 (0.9 to 5.5)†
1.5 (0.8 to 2.8)†
8.1 (1.0 to 63.6)*
1.8 (1.1 to 3.0)* **

Total

2.0 (1.4 to 2.7)

Confirmed cases:
Spitzer4
Jick2
Bloemenkamp3
Bloemenkamp9

1.5 (1.1 to 2.1)*
2.2 (1.0 to 4.7)*
2.2 (0.9 to 5.4)*
1.9 (0.8 to 4.5)*

Total

1.7 (1.3 to 2.2)

Non-industry sponsored studies:
WHO1
Jick2
Bloemenkamp3
Bloemenkamp9
Herings10

2.2 (1.1 to 4.2)*
2.2 (1.3 to 3.6)*
2.2 (0.9 to 5.4)*
1.9 (0.8 to 4.5)*
4.2 (1.7 to 10.2)*

Total

2.3 (1.7 to 3.2)

Industry sponsored studies:
Spitzer4
Farmer5
Lidegaard7
Farmer32

1.5 (1.1 to 2.2)*
1.3 (0.7 to 2.4)*
1.4 (0.8 to 2.5)*
0.8 (0.4 to 1.5)†

Total

1.3 (1.0 to 1.7)
0.3

Quality issue
We believe three issues are important for the quality of
our meta-analysis. Firstly, we assessed reliability of outcome by subgroup analysis with confirmed cases only.
Secondly, we assessed appropriate adjustment for confounding by comparing adjusted and unadjusted odds
ratios and by presenting stratified analyses. The
presence of confounding is unlikely because the
pooled crude odds ratios were almost equal to the
pooled adjusted odds ratios. Source of funding
modified the estimates. Some studies provided
stratified data only for specific subgroups of women
(for example, age in first time users).6 10 Nevertheless,
these studies were included. In addition, the sensitivity
analysis showed that the overall risk estimates were
stable.
Thirdly, we evaluated the quality of assessment of
exposure. The definition of second and third
generation oral contraceptives was not fully consistent
across reports.1 4–32 However, different definitions did
not affect the results materially (fig 1). Differential recall
of second versus third generation contraceptives is
unlikely because most studies collected data before
October 1995 or used information from medical
records.
Our pooled odds ratios may be underestimates
because publication bias can never be excluded. For
example, the Dutch press recently reported that a drug
company kept results secret that confirmed an
increased risk of venous thrombosis with third generation oral contraceptives.35
Another cause of underestimation is that relative
risks estimated from the original data are in general
lower than those derived from matched regression
analysis. However, this cannot be addressed with
published data.
Over the past years, the discussion about the
findings has concentrated on several potential
biases,8 14 36 37 which we recapitulate below.
0.5

1.0

2.0

3.0 4.0 5.0 6.07.0

* Adjusted risk estimate
† Unadjusted risk estimate
‡ In women aged <30 years
§ In women aged 30-39 years
¶ Duration of use <6 months
** Duration of use >6 months

Fig 2 Effect of patient characteristics on odds ratios or relative risks of third versus second
generation oral contraceptives for venous thrombosis

eration oral contraceptives. After stratifying by various
factors and examining selected subgroups, the
increased risk remained.

6

Healthy user bias
When starting oral contraceptives, women are more
likely to receive one of the newer oral contraceptives,
whereas older, established users tend to continue with
their original brand. New users may include women
genetically or otherwise predisposed to venous thrombosis, whereas long term users have shown tolerance to
the drug. The predominance of use of new drugs
among new oral contraceptive users would create a
bias in favour of older products. If true, the difference
between second and third generation oral contraceptives should attenuate when first time users are
examined separately. This was possible in four
studies,4 6 10 17 and, although the definition of first time
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Recency of introduction bias
Related to possible healthy user bias is the potential for
bias due to recency of introduction. Lewis et al argued
that there is a relation between the risk of thrombosis
and time since a drug’s introduction to the market.21
With time, women at a high risk of venous thrombosis
stop taking oral contraceptives, leaving a pool of lower
risk women taking previously introduced oral contraceptives. However, if depletion of susceptible women
distorts the risks for different products, the risk in
young women (as a proxy for first time users) should
also be analysed. The pooled odds ratio in our
meta-analysis showed an increased risk for both
younger and older women. Bloemenkamp et al found
fourfold to sevenfold increases in risk for use of third
versus second generation oral contraceptives among
women aged 15-24 years—three to four times higher
than the pooled odds ratio we found.3 We could not
include Bloemenkamp et al’s study in our metaanalysis because no data for a two by two table, relative
risk, or confidence intervals were provided.
Duration of oral contraceptive use
A different risk between second and third generation
oral contraceptives may reflect lack of adjustment for
duration of use.6 7 A reanalysis of the transnational
study provided an adjusted rate ratio relative to never
users of around 10 in the first year of use, decreasing to
around two after two years of use.6 These findings were
essentially identical for second and third generation
preparations. After correction for duration of use,
Lidegaard et al found no significant differences
between oral contraceptives with different types of
progestagens.7 Our pooled odds ratio stratified by
duration of use showed an increased risk for short and
long term users. This was most pronounced in women
with a short duration of use, again suggesting that
young women who take oral contraceptives for the first
time are at highest risk.
Diagnostic suspicion and referral bias
Women using third generation oral contraceptives may
be more likely to be referred, investigated, and
diagnosed with venous thrombosis than users of other
oral contraceptives.38 If diagnostic suspicion bias exists,
it is likely that the association is diminished among
women in whom the diagnosis is so obvious that no
clue of oral contraceptive use is needed for diagnosis.36
However, for confirmed cases there was a similar
increased risk for women taking third generation oral
contraceptives as for those taking second generation
formulations. Besides that, the influence of diagnostic
suspicion bias would have been stronger in women
with less certain diagnosis, because information on use
of oral contraceptives might have led to the diagnosis.
Two studies examined risks according to certainty
of diagnosis.2 31 Although it was not possible to pool
the results since one study did not report the
confidence interval, the odds ratios for definite and
possible cases remained essentially the same. Moreover, Bloemenkamp et al showed that patients with a
clinically confirmed deep vein thrombosis more often
used third generation oral contraceptives than patients
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users differed between the studies, the difference in risk
between third and second generation oral contraceptives was higher in this group than in all users.

Prescribing bias
Many authors have raised the possibility of selective
prescribing of third generation oral contraceptives to
high risk women.39–41 Third generation oral contraceptives may have been preferentially prescribed to
women with cardiovascular risk factors because of their
perceived improved safety profile over second generation oral contraceptives.42 Indeed, patterns of use are
different in women with and without cardiovascular
risk factors.39–41 However, risk factors screened for at
first prescription of oral contraceptives were primarily
risk factors for arterial diseases and not for venous
thrombosis (that is, tissue damage and haemostatic
abnormalities). Moreover, certain genetic markers of
venous thrombosis were only recently identified and
not widely known at the time women included in the
studies were given their oral contraceptives. Furthermore, all studies considered only cases with a first ever
venous thrombosis, thus excluding women with a
history of venous thrombosis.
Another indicator for genetic predisposition is a
family history of venous thrombosis. Two studies
addressed this potential confounder, and both showed
that increased risks for women using third generation
oral contraceptives remained after adjustment.3 9
Switching
Accumulating side effects might lead women to switch
their oral contraceptives. This might reflect an
increased risk of venous thrombosis.38 One study
examined the risk of venous thrombosis among
women who switched contraceptives and found an
odds ratio of 1.3 (0.7 to 2.4) among those who switched
from second to third generation pills relative to those
who switched from third to second generation pills,24
although the study recruited until 1996. Women who
switched only once had an odds ratio of 1.1 (0.5 to 2.3),
whereas those who switched more than once had an
odds ratio of 1.8 (0.2 to 16.8). However, the power for
subgroup analysis was limited, with large confidence
intervals.
Source of funding
The pooled odds ratio of studies without explicitly
mentioned industry sponsoring was higher than that
of studies without such support, although the
increased risk was significant in both groups. Different
results for industry and non-industry sponsored
studies have also been reported for calcium channel
antagonists and non-steroidal anti-inflammatory
drugs.43 44
Absolute risks
To appreciate the importance of increases in relative
risk, knowledge of absolute risks is required. We
estimated that the excess risk for users of third generation oral contraceptives over second generation preparations was 1.5 per 10 000 woman years. This may be
an underestimation, because the estimate from the
study by Jick et al was confined to cases that met a very
strict definition.2 Among new users the incidence is
much higher (6.6 per 10 000 woman years).
Death rates from venous thrombosis are low (about
3%),45 although non-fatal events can also have serious
effects. We crudely calculated that four deaths per
7
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Third generation oral contraceptives have been
reported to increase the risk of venous thrombosis
compared with second generation oral
contraceptives
The findings have been vigorously debated, with
suggestions that the results can be explained by
confounding or bias, or both.

What this study adds
Women taking third generation oral
contraceptives have a 1.7-fold increased risk of
venous thrombosis compared with those taking
second generation oral contraceptives
Risk is highest in first time users
The biases were not large enough to account for
the observed results

1 000 000 woman years could be prevented by switching from third to second generation products.
Although the risks are small, they should be
considered when deciding which oral contraceptive to
use.
Conclusion
Our meta-analysis supports the view that third generation oral contraceptives are associated with a 1.7-fold
increased risk of venous thrombosis compared with
second generation oral contraceptives. The risk is
highest in first time users. Although confounding can
never be excluded with certainty in observational studies, it seems that the biases that have been suggested
and examined are not sufficient to account for the
results.
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