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ABSTRACT

ObjeCtive
To assess the risk of pulmonary embolism, ischaemic 
stroke, and myocardial infarction associated with 
combined oral contraceptives according to dose of 
oestrogen (ethinylestradiol) and progestogen.
Design
Observational cohort study.
setting
Data from the French national health insurance 
database linked with data from the French national 
hospital discharge database.
PartiCiPants
4 945 088 women aged 15-49 years, living in France, 
with at least one reimbursement for oral contraceptives 
and no previous hospital admission for cancer, 
pulmonary embolism, ischaemic stroke, or myocardial 
infarction, between July 2010 and September 2012.
Main OutCOMe Measures
Relative and absolute risks of first pulmonary 
embolism, ischaemic stroke, and myocardial 
infarction.
results
The cohort generated 5 443 916 women years of oral 
contraceptive use, and 3253 events were observed: 
1800 pulmonary embolisms (33 per 100 000 women 
years), 1046 ischaemic strokes (19 per 100 000 
women years), and 407 myocardial infarctions (7 per 
100 000 women years). After adjustment for 
progestogen and risk factors, the relative risks for 
women using low dose oestrogen (20 µg v 30-40 µg) 
were 0.75 (95% confidence interval 0.67 to 0.85) for 
pulmonary embolism, 0.82 (0.70 to 0.96) for 

ischaemic stroke, and 0.56 (0.39 to 0.79) for 
myocardial infarction. After adjustment for oestrogen 
dose and risk factors, desogestrel and gestodene 
were associated with statistically significantly higher 
relative risks for pulmonary embolism (2.16, 1.93 to 
2.41 and 1.63, 1.34 to 1.97, respectively) compared 
with levonorgestrel. Levonorgestrel combined with 
20 µg oestrogen was associated with a statistically 
significantly lower risk than levonorgestrel with 
30-40 µg oestrogen for each of the three serious 
adverse events.
COnClusiOns
For the same dose of oestrogen, desogestrel and 
gestodene were associated with statistically 
significantly higher risks of pulmonary embolism but 
not arterial thromboembolism compared with 
levonorgestrel. For the same type of progestogen, an 
oestrogen dose of 20 µg versus 30-40 µg was 
associated with lower risks of pulmonary embolism, 
ischaemic stroke, and myocardial infarction.

Introduction
About 104 million women worldwide use oral contra-
ceptives.1  In most countries various types of pills are 
available, and studies have shown an increased risk of 
venous thromboembolism with the use of combined 
oral contraceptives.2-18 This risk differs according to 
type of progestogen and decreases with both duration 
of use and decreasing oestrogen dose.

The optimal choice of oral contraceptives must also 
take into account the risks of stroke and myocardial 
infarction. Few studies have examined this relation, 
and those that are available have reported conflicting 
results.19-31 The impact and magnitude of the arterial 
risk according to dose of oestrogen (ethinylestradiol, 20 
µg v 30-40 µg) have not been established for all pro-
gestogens. In France, eight combinations were avail-
able and reimbursed by national health insurance 
during the study period (table 1). They differed accord-
ing to type of progestogen (norethisterone, levonorge-
strel, desogestrel, gestodene, norgestrel) and dose of 
oestrogen (20 µg to 50 µg).

We assessed, under real life conditions in France, 
the absolute and relative risk of pulmonary embolism, 
ischaemic stroke, and myocardial infarction associ-
ated with the eight reimbursed oral contraceptives 
(including levonorgestrel with 20 µg oestrogen) 
according to type of progestogen and dose of oestro-
gen. The  objective was to identify the combination 
associated with the lowest risk of venous and arterial 
thromboembolism.

WhAT IS AlReAdy knoWn on ThIS TopIC
Use of combined oral contraceptives increases the risk of pulmonary embolism
A dose related effect of oestrogen (ethinylestradiol) has been observed for the 
progestogens gestodene, desogestrel, and levonorgestrel, with higher doses 
associated with a higher risk of venous thromboembolism
The use of oral contraceptives is also associated with an increased risk of ischaemic 
stroke and myocardial infarction

WhAT ThIS STudy AddS
For the same progestogen, using an oestrogen dose of 20 µg compared with 30-40 
µg was associated with lower risks of pulmonary embolism, ischaemic stroke, and 
myocardial infarction
Oral contraceptives containing levonorgestrel with 20 µg of oestrogen was the 
combination associated with the overall lowest risk of pulmonary embolism and 
arterial thromboembolism

http://
http://crossmark.crossref.org/dialog/?doi=10.1136/bmj.i2002&domain=pdf&date_stamp=2016-05-10
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Methods
This study was based on an observational historical 
population cohort comprising all women aged 15-49 
years, living in France, with at least one reimbursement 
for oral contraceptives between July 2010 and Septem-
ber 2012.

Data source
We identified women in the French national health 
insurance database (SNIIRAM) linked to the French 
hospital discharge database (Programme de Médicali-
sation des Systèmes d’Information, PMSI) by a unique 
anonymous number on each woman’s health insur-
ance smart card. SNIIRAM covers the entire French 
population (65.3 million inhabitants, including 14.8 
million women of childbearing age) and contains 
exhaustive data on all reimbursements for health 
related expenditures,32 33 including medicinal prod-
ucts and outpatient medical and nursing care pre-
scribed or performed by healthcare professionals, as 
well as demographic data such as age, sex, area of res-
idence (postcode), vital status, and complementary 
universal health insurance (free access to healthcare 
for people with an annual income <50% of the poverty 
threshold, corresponding to 4.8 million inhabitants in 
France and including 1.2 million women aged 15-49 
years). The medical indication for outpatient reim-
bursements is not available, but the patient’s status 
for 100% reimbursement of care related to a severe 
and costly long term disease is recorded and coded 
according to ICD-10 (international classification of dis-
eases, 10th revision). The date of disease onset is avail-
able in the database for each patient with a long term 
disease (for example, cancer, diabetes, ischaemic 
heart disease).

PMSI provides detailed medical information on all 
admissions to French public and private hospitals, 
including dates of hospital admission and hospital dis-
charge, discharge diagnosis ICD-10 codes, and medical 
procedures during the hospital stay. These data are 
used in the French diagnosis related groups.

study population and follow-up
All women aged 15 to 49 years and registered in the 
French national health system were eligible for inclu-

sion. As this study was designed to assess the risk of 
first pulmonary embolism, stroke, or myocardial infarc-
tion, we excluded women with a history of pulmonary 
embolism (hospital discharge since 2006, ICD-10 codes: 
I26), ischaemic stroke (hospital discharge since 2006 or 
long term disease diagnosis, ICD-10: I63-64), myocar-
dial infarction (hospital discharge since 2006, ICD-10: 
I21, I22), and cancer and neoplastic disease (hospital 
discharge since 2006 or long term disease diagnosis, 
ICD-10 codes: C00-C97 and D00-D48) before the date of 
study entry. Follow-up started from the first reimburse-
ment for oral contraceptives by French national health 
insurance between July 2010 and September 2012, and 
ended at the time of the first of the following events: 
discontinuation of oral contraceptives, hospital dis-
charge for pulmonary embolism or ischaemic stroke or 
myocardial infarction, onset of pregnancy, age 50, hos-
pital discharge for cancer, hospital discharge after 
orthopaedic surgery to the leg or gynaecological sur-
gery, death, or 30 September 2012 (see supplementary 
tables 1 and 2).

Pregnancies that ended before September 2012 were 
identified by hospital stays for birth or abortion (diag-
nosis and/or medical procedure) or by reimbursement 
of non-hospital medical abortion. We excluded women 
from the study at the estimated date of onset of preg-
nancy. To avoid attributing the well known excess risk 
of thromboembolism post partum to oral contraceptives 
use, and because the effective start of oral contracep-
tion after birth is uncertain, women with a first reim-
bursement for oral contraceptives occurring less than 
two months after delivery or abortion were entered into 
the cohort two months after the end of pregnancy.

Definition of oral contraceptive use
Data on oral contraceptive use was collected from 
records for reimbursement. We categorised drug use by 
combinations of progestogen and oestrogen (ethinyl-
estradiol) doses. Eight combinations with 26 brand 
names are reimbursed in France (table 1), and oral con-
traceptives are dispensed by pharmacists to women for 
a maximum authorised period of three months. This 
maximum dispensing period was observed in 99.2% of 
cases in our cohort. To assess the specific effects of 
each progestogen and each oestrogen dose on out-
come, we also studied the various combinations of oral 
contraceptives. We considered women who switched to 
another dose of oestrogen or switched progestogen to 
have changed drug group during follow-up. The period 
for use of oral contraceptives ranged from the date of 
first dispensing until the date of the next dispensing. 
We defined the discontinuation of treatment as more 
than three consecutive months without filling a pre-
scription for oral contraceptives after the period cov-
ered by the last prescription. In this case, use of oral 
contraceptives ended three months after the period 
covered by the last prescription.

Outcomes
During follow-up we assessed hospital admissions for 
pulmonary embolism (ICD-10 code: I26), stroke (ICD-10 

table 1 | list of combined oral contraceptives reimbursed by French national health 
insurance
Combined oral contraceptive

generation of 
progestogen

introduction 
to market

start of 
reimbursement 
by health 
insuranceProgestogen type

Oestrogen* 
dose

Norethisterone 35 µg First 1982 June 1984
Norgestrel 50 µg Second 1973 February 1975
Levonorgestrel 30-40 µg Second 1974 May 1976
Levonorgestrel 20 µg Second Apr-10 April 2010
Desogestrel 30 µg Third 1984 September 2009
Desogestrel 20 µg Third 1988 January 2010
Gestodene 30 µg Third 1988 November 2010
Gestodene 20 µg Third 1995 November 2010
*Ethinylestradiol.
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codes: I63 with the exception of I63.6, I64), or myocardial 
infarction when initial management was specified by the 
medical staff (ICD-10 codes: I21.0 to 4, I21.9 plus indica-
tion of initial management). We also assessed the com-
posite endpoint of hospital admission for pulmonary 
embolism, stroke, or myocardial infarction.

Confounding factors
In the database we identified potential baseline con-
founding factors known or likely to be related to cardio-
vascular events: age at study entry, complementary 
universal health insurance, deprivation index of partic-
ipant’s area of residence calculated from socioeco-
nomic data for 2009,34 consultation with a gynaecologist 
(at least one in the previous year), hypertension treated 
by antihypertensive drugs, and diabetes defined by at 
least two prescriptions of antidiabetic drugs in the pre-
vious 12 months or long term disease for diabetes. Data 
on smoking status were absent from the database, but 
some information about medical care related to tobacco 
use was present: a hospital discharge diagnosis related 
to tobacco use since 2006 (ICD-10 codes F17, Z71.6 and 
Z72.0) or dispensing of nicotine replacement therapy 
since 2009.

Because the proportion of women with diabetes or 
hypertension or treated for smoking cessation was 
small (<2% each), we combined these three factors in a 
single composite indicator of “contraindication or need 
for precautions for use” of oral contraceptives.

statistical analysis
We calculated crude and age standardised incidence 
rates for pulmonary embolism, stroke, and myocardial 
infarction per 100 000 women years for the eight pro-
gestogen and oestrogen combinations and for pro-
gestogen and oestrogen dose groups. Poisson 
regression was used to calculate the adjusted relative 
risk estimates of outcome rates with the various com-
bined oral contraceptives. We also estimated relative 
risks by stratification according to oestrogen dose 

 (30-40 µg or 20 µg). Lack of fit and over-dispersion 
were assessed by  Pearson and deviance statistics. 
Interactions with age were tested and, when statisti-
cally significant, we carried out subgroup analyses 
when compatible with the number of events in each 
drug use group. For all analyses, we considered the 
type of oral contraceptives most commonly prescribed 
(that is, 30 µg dose of oestrogen and levonorgestrel as 
progestogen) to be the reference group for drug use. 
We performed a secondary analysis in the subgroup of 
new users after pregnancy: postpartum women in 
whom pregnancy had ended less than six months (and 
more than two months) before study entry. Stratified 
analyses were performed according to consultation 
with a gynaecologist, complementary universal health 
insurance, oestrogen dose for progestogen type, and 
progestogen type for oestrogen dose.

We conducted several sensitivity analyses: for one we 
used a more specific definition of outcomes—confirma-
tion that women who had not died 30 days after the 
event of interest had at least two prescriptions during 
the following four months (oral anticoagulant treat-
ment after hospital admission for pulmonary embo-
lism, antiplatelet agent after stroke, a combination of at 
least two drugs among antiplatelet agent, β blocking 
agents, statin, angiotensin converting enzyme (ACE) 
inhibitor, or angiotensin receptor blocker (ARB) after 
myocardial infarction). For the other sensitivity analy-
ses we used censoring of drug use just after the end of 
the period covered by the last dispensing, one month 
after, and women who did not switch drugs.

We considered P values of less than 0.05 to be stati-
cally significant. Statistical analyses were performed 
with SAS 9.3 software (SAS Institute, Cary, NC).

Patient involvement
No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved in 
developing plans for recruitment, design, or implemen-
tation of the study. No patients were asked to advise on 
interpretation or writing up of results. There are no 
plans to disseminate the results of the research to study 
participants or the relevant patient community, 
although the French National Agency for Medicines and 
Health Products Safety (http://ansm.sante.fr/var/
ansm_site/storage/original/application/69261368479c-
cbb39b5a909842e4b4cc.pdf) and French National 
Health Insurance (www.ameli.fr/l-assurance-maladie/
statistiques-et-publications/etudes-en-sante-publique/
etudes-pharmaco-epidemiologiques/risques-sous-con-
traceptif-oral-combine.php) disseminate key findings 
from studies on their websites.

Results
After exclusion and censoring of data (figure 1), the 
study cohort comprised 4 945 088 women with 5 443 916 
women years of oral contraceptive use.

The mean age of the women was 28.0 years (standard 
deviation 8.7 years) and almost 34% of the women used 
an oral contraceptive containing 20 µg oestrogen. The 
four oral contraceptive combinations most commonly 

Women aged 15-49 years with at least one reimbursement
for a combined oral contraceptive between

July 2010 and September 2012 (n=5 049 851)

Excluded (n=104 763):
  Women with history of cancer (n=101 236)
  Women with previous pulmonary embolism (n=801)
  Women with previous myocardial infarction (n=284)
  Women previously admitted to hospital for stroke
    and/or with long term disease (n=2883)

Women included (n=4 945 088):
  Ischaemic stroke or myocardial infarction (n=1453)
  Pulmonary embolism (n=1800)
  Followed until 30 september 2012 (n=2 175 017)
  Discontinuation of prescriptions for combined oral
    contraceptives (n=2 244 486)
  Became pregnant (n=379 426)
  Reached age 50 years (n=40 631)
  Had cancer (n=32 200)
  Underwent surgery (n=69 002)
  Died (n=1073)
Women years of combined oral contraceptive use (n=5 443 916)

Fig 1 | Flow of participants through study
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used were levonorgestrel with 30-40 µg oestrogen 
(58.3% of women), levonorgestrel with 20 µg oestrogen 
(15.3%), desogestrel with 20 µg oestrogen (13.9%), and 
desogestrel with 30 µg oestrogen (13.2%). Specific par-
ticipant characteristics were associated with each com-
bination (table 2 ): younger women used levonorgestrel 
with 20 µg oestrogen and desogestrel with 30 µg oestro-
gen (mean age 25.3 and 25.7 years, respectively, with 
almost one third of women aged 15-19 years); women 
from higher socioeconomic groups used desogestrel 
with 20 µg oestrogen and gestodene with 20 and 30 µg 
oestrogen; women with a higher cardiovascular risk 
used levonorgestrel with 30-40 µg oestrogen, norethis-
terone with 35 µg oestrogen, and norgestrel with 50 µg 
oestrogen. Follow-up by a gynaecologist varied 
 considerably according to the oral contraceptive used, 
from 33.5% (levonorgestrel with 30-40 µg oestrogen) to 
61.3% (gestodene with 20 µg oestrogen). The distribu-
tion of oral contraceptives used by women post partum 
and the distribution of antimigraine drugs use according 
to oral contraceptive groups were also similar (table 2).

A total of 1800 pulmonary embolisms, 1046 ischaemic 
strokes, 407 myocardial infarctions, and 3253 composite 
events were observed during the study period. The 
respective absolute risk rates were 33, 19, 7, and 60 per 
100 000 women years of oral contraceptive use.

Women aged more than 35 years accounted for 26.1% 
of all oral contraceptive use and 56.7% of serious 
adverse events. Women with the lowest socioeconomic 
status presented a 1.4-fold, 1.5-fold, and 2.5-fold higher 
risk of pulmonary embolism, stroke, and myocardial 
infarction, respectively (see supplementary table 3).

After adjustment for progestogen and risk factors, the 
relative risks for women using low dose oestrogen (20 
µg v 30-40 µg) were 0.75 (95% confidence interval 0.67 
to 0.85) for pulmonary embolism, 0.82 (0.70 to 0.96) for 
ischaemic stroke, and 0.56 (0.39 to 0.79) for myocardial 
infarction (table 3 ). Using a low dose of oestrogen was 
inversely associated with pulmonary embolism for all 
three progestogens, although the association did not 
reach statistical significance among gestodene users 
(table 4 ). After adjustment for risk factors and oestro-
gen dose, desogestrel and gestodene were associated 
with statistically significantly higher relative risks of 
pulmonary embolism: 2.16 (1.93 to 2.41) and 1.63 (1.34 to 
1.97), respectively, compared with levonorgestrel. 
Desogestrel and gestodene were also associated with a 
significantly higher risk for the composite endpoint of 
pulmonary embolism, stroke, or myocardial infarction: 
1.59 (1.45 to 1.74) and 1.24 (1.06 to 1.46), respectively 
(table 3 ). The associations between pulmonary embo-
lism and progestogens provided similar results across 
strata of oestrogen dose (table 5). The crude and stan-
dardised rates of the events of interest and the effect of 
adjustment on the various confounders are shown (see 
supplementary tables 4 to 8).

Analysis of women post partum (two months to six 
months after delivery) also indicated a lower risk with 
using the 20 µg dose of oestrogen compared with 30-40 
µg for pulmonary embolism (0.65, 0.44 to 0.94) and for 
arterial events (ischaemic stroke or myocardial infarction) 

(0.36, 0.20 to 0.62). The adjusted relative risk of pulmo-
nary embolism for desogestrel and gestodene (refer-
ence levonorgestrel) was 2.16 (1.52 to 3.03) and 1.49 
(0.64 to 2.99), respectively (see supplementary table 
9). Analyses stratified according to consultation with a 
gynaecologist and complementary universal health 
insurance provided similar results (see supplementary 
tables 10).

Several sensitivity analyses were performed. The first 
used a definition of endpoints confirmed by drug treat-
ments prescribed after the event of interest (for exam-
ple, anticoagulants after pulmonary embolism) (see 
supplementary table 11). Other sensitivity analyses 
used censoring of exposure just after the end of the 
period covered by the last dispensing and one month 
after (see supplementary tables 12 and 13). The analysis 
confined to women who did not switch drugs during 
 follow-up was also performed (see supplementary 
table 14). These analyses demonstrated similar results 
for pulmonary embolism and arterial risk.

discussion
In this population based cohort study, levonorgestrel 
with 20 µg of oestrogen was associated with a statisti-
cally significantly lower risk of pulmonary embolism, 
ischaemic stroke, and myocardial infarction than levo-
norgestrel with 30-40 µg of oestrogen. For the same 
type of progestogen, using an oestrogen dose of 20 µg 
compared with 30-40 µg was associated with a lower 
risk of pulmonary embolism (by 25%), ischaemic stroke 
(by 18%), and myocardial infarction (by 44%). Desoge-
strel and gestodene were associated with 2.2-fold and 
1.6-fold statistically significantly higher risks of pulmo-
nary embolism compared with levonorgestrel. In con-
trast, the observed arterial vascular risks did not differ 
according to the type of progestogen used. Levonorge-
strel with 20 µg of oestrogen was globally associated 
with a lower risk of the composite endpoint of hospital 
admission for pulmonary embolism, stroke, or myocar-
dial infarction compared with the other oral contracep-
tive combinations tested.

Comparison with other studies
Most authors have observed a dose-effect relation with 
oestrogen, higher doses being associated with an 
increased risk of venous thromboembolism. Lidegaard 
and colleagues12  showed that desogestrel or gestodene 
combined with 20 µg of oestrogen was associated with 
23% and 17% lower relative risks of venous thromboem-
bolism compared with the same progestogens com-
bined with 30 µg of oestrogen. Van Hylckama and 
colleagues7  reported a higher risk of venous thrombo-
embolism for oral contraceptives containing 50 µg of 
oestrogen compared with 30 µg of oestrogen (odds ratio 
1.9, 1.1 to 3.4), and no statistically significant difference 
for risk with oral contraceptives containing 20 µg of 
oestrogen (0.8, 0.5 to 1.2). A similar trend has been 
shown for oral contraceptives with higher doses of oes-
trogen (50-100 µg).35 36 37

In the present study, after adjustment for the type of 
progestogen, we observed a statistically significant 
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reduction in the risk of pulmonary embolism by about 
25% with the 20 µg dose compared with 30-40 µg dose. 
A similar tendency was found for risk of venous throm-
boembolism with desogestrel and gestodene, but not 
with levonorgestrel.15  Finally, the analysis by Lide-
gaard and colleagues31  showed that oral contracep-
tives with 20 µg, 30-40 µg, and 50 µg of oestrogen were 
associated with relative risks of myocardial infarction 
of 1.40 (95% confidence interval 1.07 to 1.81), 1.88 (1.66 
to 2.13), and 3.73 (2.78 to 5.00), respectively (P<0.001 for 
trend). We also observed a statistically significantly 
lower risk for the 20 µg dose compared with 30-40 µg 
doses (adjusted relative risk 0.56, 95% confidence 
interval 0.39 to 0.79), in line with the results reported 
previously.31

Similarly, the relative risk of pulmonary embolism 
was 2.16 (1.93 to 2.41) for desogestrel and 1.63 (1.34 to 
1.97) for gestodene compared with levonorgestrel. 
These relative risks were similar to those reported for 
risk of venous thromboembolism by Lidegaard and 
colleagues (2.2, 1.7 to 2.3 and 2.1, 1.6 to 2.8)12 ; by van 
Hylckama and colleagues (2.0, 1.4 to 2.8 and 1.6, 1.0 to 
2.4)7 ; in the meta-analysis by Stegeman and col-
leagues (1.8, 1.4 to 2.2 and 1.5, 1.2 to 2.0)15 ; and by 
Vinogradova and colleagues18 (1.8, 1.5 to 2.1 and 1.5, 
1.2 to 1.9). 

The effect of age on the events of interest in this 
study is in line with those reported in the literature, 
supporting the validity of our reported results. For 
example, the 3.6-fold increased risk of venous throm-
boembolism with age (45-49 years v 15-19 years) calcu-
lated in by Lidegaard and colleagues8 was close to the 
risk of pulmonary embolism calculated in our study 
(4.1-fold). Similarly, the risks of ischaemic stroke and 
myocardial infarction with age (45-49 years v 15-19 
years) were the same in the two studies: 20 and 100, 
according to Lidegaard and colleagues31 and 21 and 
106 in our study.

strengths and limitations of this study
These results were shown with a high statistical power 
based on 5.4 million women years of combined oral 
contraceptive use, allowing us to observe more than 
3200 serious events (pulmonary embolism, ischaemic 
stroke, or myocardial infarction) in this study. How-
ever, the number of events was low for some sub-
groups, particularly the number of myocardial 
infarctions among women treated with gestodene and 
levonorgestrel with 20 µg of oestrogen. These results 
therefore need to be interpreted cautiously, and further 
studies are necessary to confirm the present results. 
The follow-up period was also relatively short (maxi-
mum of two years and three months), which limits the 
bias associated with changing diagnostic procedures 
and health system management of the three events of 
interest, and eliminated the potential time trend bias. 
However, certain diseases may take longer to manifest, 
particularly ischaemic stroke and myocardial infarc-
tion. The availability of levonorgestrel with 20 µg of 
oestrogen on the French market in April 2010, with 
more than 650 000 women years in our cohort, allowed ta

bl
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us to calculate arterial and venous thromboembolic 
risk under real conditions of use. A possible indication 
bias was limited by adopting September 2012 as the 
end date for inclusion in the study, owing to the publi-
cation of a practice guideline for doctors in October 
and November 2012.38

This study was based on two databases (SNIIRAM 
and PMSI) with completely independent data collec-
tion. The search for a possible increased risk of hospi-
tal admission among women reimbursed for oral 
contraceptives was therefore performed by using both 
health insurance reimbursement data related to phar-
macy purchases of oral contraceptives and inhospital 
diagnoses.

Information on reimbursement of medicinal prod-
ucts is exhaustively collected on a regular basis by 
entering the specific bar code for each medicinal prod-
uct reimbursed. Patients are identified by their personal 
smart card, and daily teletransmission by pharmacists 
to the French national health insurance network 
avoided the recall or recording bias often associated 
with retrospective case-control studies.

Data on hospital stay is systematically recorded in 
PMSI (French hospital discharge database), as each 
hospital doctor in France is required to complete this 
information after a patient is admitted to hospital.39  
Doctors specialised in these hospital codes collect, 
validate, and transmit all structured and coded medi-
cal information from the hospital to paying and con-
trolling bodies. PMSI is used to determine the cost of 
each hospital stay. Retrospective linking between the 
two databases, based on independent data collection, 
therefore theoretically excludes the possibility of a dif-
ferential observation bias on hospital management 
diagnoses of pulmonary embolism or arterial throm-
boembolic events according to outpatient prescribed 
and dispensed use of oral contraceptives. Validation 
of cases is essential in this type of observational study. 

A validation study of cases of pulmonary embolism in 
25 French hospitals found that the sensitivity of the 
ICD-10 diagnostic code for pulmonary embolism in the 
PMSI was 88.9% (95% confidence interval 85.6 to 
92.2).40  Our analysis of anticoagulant treatment on 
discharge from hospital (89% of cases filled at least 
two prescriptions, with an average of more than five 
prescriptions, for anticoagulants during the four 
months after hospital admission) confirmed the valid-
ity of this criterion. The authors of a validation study 
of cases of stroke based on the PMSI compared with 
the stroke registry reported a sensitivity of 77.1% (95% 
confidence interval 74.2 to 80) and a positive predic-
tive value of 69.2.41 However, an improvement was 
observed over time, with a sensitivity of 82.9% and 
positive predictive value of 81.2% in 2008, the last year 
of the study. A classic difficulty in observational stud-
ies on stroke concerns interpretation of the I64 code 
(stroke, not specified as haemorrhage or infarction). 
This code made a limited contribution to the present 
study, as it represented only 102 of the 1046 ischaemic 
strokes compared with 944 of I63 codes (with the 
exception of I63.6).

The initial management of myocardial infarction 
has a specific code in the French hospital discharge 
database based on ICD-10 to distinguish initial man-
agement from a prevalent case by means of a manda-
tory additional digit. As this code has a major impact 
on the cost of hospital stay, the initial management of 
myocardial infarction seems to be associated with a 
relatively low risk of error, especially in young partici-
pants. We also observed that more than 94% of women 
in this study received outpatient post-infarction treat-
ment comprising at least two treatment groups from 
among statins, β blockers, angiotensin converting 
enzyme inhibitors/sartans, and platelet aggregation 
inhibitors.

However, our study has several limitations. The first 
concerns the absence of the start date for use of com-
bined oral contraceptives and the concept of new user 
or switch from another product not reimbursed by 
French national health insurance. Indeed, the inci-
dence of venous thromboembolism is increased 
during the initial phase of oral contraceptives use, 
particularly during the first three months and the first 
year.12  An adjustment for the length of oral contracep-
tives use would be necessary to take this variable into 
account. Lidegaard and colleagues, who performed 
this adjustment, observed a slight reduction in the rel-
ative risk for new products, but the global results 

table 4 | adjusted relative risks of pulmonary embolism according to oestrogen dose 
stratified by type of progestogen

Progestogen

Oestrogen* 20 µg Oestrogen* 30-40 µg

no of events
adjusted relative 
risk† (95% Ci) no of events

adjusted relative 
risk† (95% Ci)

Levonorgestrel 98 0.74 (0.59 to 0.91) 950 1
Desogestrel 285 0.75 (0.63 to 0.88) 304 1
Gestodene 71 0.94 (0.68 to 1.29) 46 1
No significant interaction between progestogen and oestrogen dose.
*Ethinylestradiol.
†Adjusted for age, complementary universal health insurance, medical risk factors, and gynaecological visit 
during previous year.

table 5 | adjusted relative risks of pulmonary embolism according to type of progestogen stratified by oestrogen dose

Oestrogen* 
dose

levonorgestrel Desogestrel gestodene

no of events
adjusted relative 
risk† (95% Ci) no of events

adjusted relative 
risk† (95% Ci) no of events

adjusted relative 
risk† (95% Ci)

20 µg 98 1 285 2.30 (1.86 to 2.86) 71 1.96 (1.47 to 2.61)
30-40 µg 950 1 304 2.19 (1.93 to 2.48) 46 1.41 (1.05 to 1.84)
No significant interaction between progestogen and oestrogen dose.
*Ethinylestradiol.
†Adjusted for age, complementary universal health insurance, medical risk factors, and gynaecological visit during previous year.
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remained unchanged. If this factor had a major 
impact, it would have primarily concerned levonorge-
strel with 20 µg oestrogen, the product most recently 
released onto the French market, for which the risk of 
pulmonary embolism would possibly be overesti-
mated, although we observed a lower risk than with 
the other drug combinations. The frequently reported 
argument that third generation oral contraceptives 
such as gestodene, desogestrel that have been released 
onto the market more recently and therefore corre-
spond to newer users, would lead to bias,42 can no lon-
ger be justified more than 25 years after the release of 
these oral  contraceptives in France. The relative stabil-
ity of the market shares of the various oral contracep-
tives other than levonorgestrel with 20 µg oestrogen in 
France between July 2010 and September 2012 is an 
argument in favour of the validity of our estimates. 
Another element concerns the analysis in the post-par-
tum setting, in which all women of the cohort initiated 
use of oral contraceptives after the pregnancy. The 
results of this subgroup analysis were similar to those 
of the main analysis for desogestrel compared with 
levonorgestrel as reference.

In contrast, to our knowledge the duration of use 
had no impact on the risk of myocardial infarction and 
ischaemic stroke—the other two events of interest in 
the study.

Among the limitations related to the study design, we 
failed to take into account women who may have died 
from a venous or arterial thromboembolic event before 
admission to hospital. This limitation could introduce a 
bias if women experiencing a thromboembolic event 
while taking a combined oral contraceptive with 20 µg 
of oestrogen died more rapidly and before admission to 
hospital compared with women taking one with 30-40 
µg of oestrogen, which seems unlikely.

Potential for confounding by indication is a another 
limitation of the present study, as we did not take into 
account some factors known to increase the risk of 
venous or arterial thrombosis and which may there-
fore influence a doctor’s choice of oral contraceptives, 
such as body mass index and family predisposition. 
However, doctors preferentially prescribed levonorge-
strel to the most economically underprivileged 
women and women with diabetes, two factors associ-
ated with higher body mass index. In the present 
study these two factors would underestimate the risk 
of pulmonary embolism associated with the other 
progestogens such as desogestrel and gestodene. The 
same argument could apply to women with a family 
predisposition, who would be prescribed oral contra-
ceptives associated with a lower risk. Data on smok-
ing, a major risk factor for arterial thrombosis, but 
with a low impact on the risk of venous thromboem-
bolism,43  were only partially available and limited to 
situations of medically assisted smoking cessation. 
Again, the population most concerned by smoking 
was that using levonorgestrel, an argument in favour 
of underestimation of the risk associated with the 
other oral contraceptive combinations. Furthermore, 
analyses adjusted for smoking in previous published 

studies did not modify, or only marginally modified, 
the results.7 31

Finally, another limitation of this study was the fail-
ure to include oral contraceptives not reimbursed by 
French national health insurance, such as drospire-
none for which discordant result have been previously 
reported.7-12 18 44 Based on data derived from declara-
tions of annual sales by drug companies to the French 
National Agency for Medicines and Health Products 
Safety, we estimated that our study sample comprised 
about two thirds of all women receiving a third genera-
tion oral contraceptive and all women receiving a first 
or second generation oral contraceptive. Limiting our 
study to women using oral contraceptives reimbursed 
by French national health insurance has the advantage 
of improving the comparability of women within the 
sample, as it has been largely shown in the literature 
that the choice of method of contraception is related to 
women’s socioeconomic status as well as financial 
imperatives.45

Lastly, only pulmonary embolism was considered 
as an outcome of deep vein thrombosis, although use 
of oral contraceptives increases the risk of all forms 
of deep vein thrombosis.8 Indeed, acute diagnoses 
can be determined only for hospital related events in 
the present databases, and the frequency of deep 
vein thrombosis, of which not all cases involve hospi-
tal admission, would have been seriously underesti-
mated.

Conclusions
Women using an oral contraceptive with 20 µg of oes-
trogen had a lower risk of pulmonary embolism and 
serious arterial thromboembolic events than women 
using an oral contraceptive with 30-40 µg oestrogen. 
We also found that use of an oral contraceptive con-
taining levonorgestrel was associated with a 50% lower 
risk of pulmonary embolism compared with using an 
oral contraceptive with a third generation progestogen. 
The combination of levonorgestrel and 20 µg of oestro-
gen was the combination associated with the lowest 
incidence of serious adverse events. Under real condi-
tions of use, among 100 000 women using a combined 
oral contraceptive for one year an estimated 33 will 
experience pulmonary embolism, 19 ischaemic stroke, 
and seven myocardial infarction. For each woman, it is 
necessary to determine the most appropriate contra-
ceptive method in terms of acceptability and risk. A 
risk reduction strategy should be based on limitation of 
use of oral contraceptives associated with the highest 
risk to decrease the incidence of pulmonary embo-
lism46 and arterial thromboembolic events among 
young women.
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