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Immunogenicity and the vascular risk of oral
contraceptives
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SUMMARY Data concerning circulating immune complexes were obtained for women who had had a

pulmonary embolism, myocardial infarction, or cerebral thrombosis, and for 224 healthy controls.
In women with pulmonary embolism who had used oral contraceptives concentrations of circulating
immune complexes were significantly higher than in healthy controls (regardless of oral contracep-
tive use), or in those with pulmonary embolism who had never used these preparations. Concentra-
tions of circulating immune complexes were not raised in myocardial infarction, but these women
had major risk factors for ischaemic heart disease. The group of patients with cerebral thrombosis
without risk factors tended to have high concentrations of circulating immune complexes.
The data provide some confirmation that immunological mechanisms may play a role in thrombo-

tic episodes associated with oral contraceptives, expecially when they occur in the absence of risk
factors for vascular disease.

The association between oral contraceptives and
thrombosis is now well established. Initial case
reports have been confirmed by epidemiological
studies, and users of oral contraceptives appear to be
at an increased risk of venous thromboembolism,'-3
cerebral thrombosis,23 and myocardial infarction.2 4 5

Oral contraceptives are well known to be associated
with abnormalities of lipid and carbohydrate metabol-
ism, which are in turn associated with an increased
risk of ischaemic heart disease. It has been shown that
the use of oral contraceptives is associated with
changes in the coagulation and fibrinolytic systems.6
In addition, changes in the structure of the vessel
walls have been reported.7 None of the metabolic and
haematological disturbances has been shown to be
predictive of clinical cardiovascular disease in oral
contraceptive users. A case report of a 36 year old
woman who used oral contraceptives described the
association of pulmonary artery thrombosis and an
antiethinyloestradiol monoclonal IgG. This combina-
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tion of rare events suggested that an immunological
mechanism might play a role in thrombosis among
oral contraceptive users.8 Further studies indicated
that some oral contraceptive users developed circula-
ting immune complexes that precipitate in 25% satu-
rated ammonium sulphate and that may contain anti-
ethinyloestradiol antibodies.9 10 Laboratory methods
were subsequently developed to test samples of ven-
ous blood for circulating immune complexes and anti-
ethinyloestradiol antibodies. "I

The purpose of this collaborative study was to
apply these laboratory methods to a large population
of women, with and without thrombosis, who were
users and non-users of oral contraceptives. It was
hoped that this would allow us to study further the
precise role of circulating immune complexes in the
aetiology of cardiovascular disease associated with oral
contraceptive use and to estimate the potential value
of measuring circulating immune complexes as a
screening test for oral contraceptive users at high risk
of thrombosis.

Patients and methods

STUDY POPULATION
We identified all women aged 15-44 years discharged
from hospitals in the Oxford region, Gloucestershire,
Wiltshire, and Bedfordshire during 1974-1979 with a
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Table 1 Numbers (perentages) ofcases excludedfrom the
study after reuiewing hospital records

Insufficient evidence of diagnosis
Within four months of surgery, trauma, delivery, or

during pregnancy
Died between admission and study
Underlying illness contributing to diagnosis
Notes missing or miscoded (for example, wrong

diagnosis, age, sex)
Total excluded after reviewing hospital records
Cases considered to be suitable for study
Total cases reviewed

122 (19)

137 (21)
53 (8)
32 (5)

89(14)
433 (67)
210 (33)
643

diagnosis of myocardial infarction (International
Classification of Diseases (ICD) eighth revision,
rubric 410), cerebral artery thrombosis (ICD eighth
revision, rubric 433), or pulmonary embolism (ICD
eighth revision, rubric 450). Having obtained the
permission of the consultant, two of us (SAA and CP)
reviewed the hospital case notes for each of the 643
women in order to assess their suitability for inclusion
in the study and to collect data on cardiovascular risk
factors. Objective diagnostic criteria were required for
inclusion in the study and women were excluded for
the reasons shown in Table 1. The majority of exclu-
sions were of women who were coded as having pul-
monary embolism but in whom either there was
insufficient evidence of diagnosis (no confirmatory
radiograph, electrocardiogram, or lung scan) or an
association of the event with a predisposing factor
such as surgery, trauma, pregnancy., or delivery.
We then approached the general practitioners of the

210 women who were considered suitable for inclu-
sion in the study to obtain their consent for us to visit
their patients. Five (2%) women were excluded at the
general practitioner's request. Letters were sent to the
remaining 205 women explaining the purpose of the
study and seeking their cooperation. The provisional
date for a home visit was given, and if they were
willing to help with the study they were asked to let us
know whether this was convenient. If not an alterna-
tive date was arranged. It was not possible to visit 72
(34%) women, either because we could not contact
them or because they would have found a home visit
inconvenient or unwelcome.
The remaining 133 women were visited at home

and asked to complete a questionnaire providing
information about past medical history, family his-
tory, smoking history, menstrual history, height,
weight, and the use of oral conceptives and other

hormones. A sample of 20 ml venous blood was col-
lected into a plain glass container and stored at 4°C for
12 hours before spinning at 3000 rpm for 15 minutes.
A 5 ml aliquot was then despatched to Paris for meas-
urement of circulating immune complexes. The ali-
quots were transported in numbered plastic tubes,
within cold storage containers to maintain the temp-
erature at 4°C, and reached Paris within eight hours of
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leaving Oxford and within one week of being col-
lected. Blood samples were not obtained for 19 (9%)
women, either at their own request or because they
were considered to be too ill. Thus complete data,
including the results of the blood tests, were available
for 114 women, 54% of those originally considered
suitable for inclusion in the study.

CONTROL GROUP
As well as including these women, we also collected
similar information and blood samples from 224
women without a history of thrombosis. These
women were identified through general practitioners,
family planning clinics, and the Oxford Regional
Blood Transfusion Service, and came from the same
health districts and in similar proportions to the 114
women with thrombotic disease. The controls were
not selected randomly but chosen to include reason-
able numbers of women who had a history of oral
contraceptive use, both current users and ex-users,
and women who had never used oral contraceptives.
Thus our data cannot be used to provide evidence
concerning the risk of cardiovascular disease associ-
ated with the use of oral contraceptive.

All blood samples were handled in a similar way,
and each batch that was despatched to Paris could
include aliquots from women in each group. The
numbers were allocated randomly, and the laboratory
tests were carried out without knowledge of the clini-
cal details.

PROTEIN ANALYSIS
The laboratory methods are described in detail else-
where.12 Serum precipitation was achieved with 25%
saturated ammonium sulphate incubated overnight at
4°C. Quantitative determinations of the precipitated
proteins were carried out by Lowry's method and
expressed as pg proteins/ml serum. The coefficient of
variation of the method is 16%. A cut off point of
700 &g was estimated for the upper limit of normal
according to a group of controls.13 Analysis of these
proteins showed two results. Firstly, they contained

Table 2 Numbers ofwomen by history of thrombotic disease
and oral contraceptive use

Oral conaceptive* With thrombosis Without drombosis
Current users 61 106
Past users 36 78
Never users 17 40
Total 114 224

*Current use is defined for women with thrombosis as use within the
month before the thrombotic episode (regardless of total duration)
and past use as use at any other time Wore that (regardless of
duration). All women who suffered a thrombotic episode stopped
using oral contraceptives after the diagnosis. For women without
thrombosis the terms past and current were also used, the reference
point being the time when the blood sample was taken.
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Figure Circulating immune complexes in (a) healthy never
users, (b) healthy ever users, (c) ever users with myocardial
infarction, (d) ever users with cerebral thrombosis, (e) ever users
with pulmonary embolism, (f) never users with myocardial
infarction, (g) never users with cerebral thrombosis, and (h) never
users with pulmonary embolism.

almost exclusively immunoglobulins and complement
fraction.1 This protein content, together with the
characteristics of precipitation in ammonium sulphate
at 25% saturation, compared with 33% for normal
unbound immunoglobulins, are consistent with cir-
culating immune complexes. Secondly, in most
casesl3 radioimmunoassays indicated that the precipi-
tated immunoglobulins had binding activities for
tritiated ethinyloestradiol by their Fab fragment,
though even in oral contraceptive users the circulating
immune complexes may contain antibodies to other
ligands. The data were analysed using a statistical
package for the social sciences.'4 The Wilcoxon test

Plowright, Adam, Thorogood, Beaumont, Beaumont, Mann

was used to determine the statistical significance of
results.
Results

Complete data were obtained on 114 women with and
224 women without thrombotic disease. These two
groups were subdivided for analysis into women who
were current, past, or never users of oral contracep-
tives, as shown in Table 2. (For the study groups,
current use is defined as use within the month preced-
ing the thrombotic episode and for the controls as use
at the time of blood collection.) The group of women
wth thrombotic disease included 28 with myocardial
infarction, six with cerebral artery thrombosis, and 80
with pulmonary embolism. All but three of the
women with myocardial infarction had recognised
risk factors for ischaemic heart disease, whereas none
of the patients with stroke were known to have major
cardiovascular risk factors-namely, hypertension,
hyperlipidaemia, smoking, or diabetes.
The reproducibility of the measurements of the

concentrations of circulating immune complexes was
assessed by analysing two or three repeat samples at
intervals on 11 women (seven with and four without
thrombotic events) participating in the study. Except
for a single high result in one patient, which was not
confirmed on a repeat testing, the results showed con-
sistency. The coefficient of variation was within that
demonstrated for the method.

CONCENTRATIONS OF CIRCULATING IMMUNE
COMPLEXES
The Figure shows the concentrations of circulating
immune complexes plotted on a log scale for each
subgroup (see Table 3 for data).

Healthy users and non-users
Concentrations of circulating immune complexes
tended to be higher in healthy ever users of oral con-
traceptives than in women who never used the prep-

Table 3 Concentrations of circulating immune complexes (CIC) in patients and healthy women

Diagnostic category No of Concentraton of CIC (pgiml)
women

Mean Median SD % of women % of women
with <700 with >700

Oral contraceptive users (either
current or past):
With myocardial infarction 19 276-3 240 201-4 100 -

With cerebral artery thrombosis 5 724-2 750 420-8 40 60
With pulmonary embolism 73 841-4 640 832-2 62 38
Healthy 184 418-6 379 296-9 86 14

Oral contraceptive never users:
With myocardial infarction 9 496-6 552 194-6 89 11
With cerebral artery thrombosis 1 700-0 700 - 100 -

With pulmonary embolism 7 396-6 251 282-9 86 14
Healthy 40 345-5 282 267-6 95 5

SD, standard deviation.
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arations, but the differences were not statistically
significant. Healthy past users had higher concentra-
tions (mean 463*3 ,ug/ml) than current users (mean
385*4 ,ug/ml), a difference which was not statistically
significant. We are unable to explain this difference
since concentrations were not related to the time since
ceasing to take the pill. In no case was the pill with-
drawn because of a major medical condition. This
does not, however, invalidate any comparisons bet-
ween women with and women without thrombotic
events, for if the concentrations of the circulating
immune complexes in healthy past users of oral con-
traceptives were higher it would have the effect of
apparently weakening any association between a
raised concentration of circulating immune complexes
and pulmonary embolism.

Pulmonawy embolism
The most interesting results were those obtained for
the women admitted with pulmonary embolism. The
concentrations of circulating immune complexes in
these women with a history of oral contraceptive use
were higher than in healthy users, and an appreciably
greater number had values over 700 ptg/ml (p<0-001).
Only seven of the women with pulmonary embolism
had never used oral contraceptives and their concen-

trations were very similar to the healthy women; only
one never user had a value greater than 700 ,ug/ml.

CONFOUNDING VARIABLES
These results suggest that a high concentration of
circulating immune complexes is associated with
pulmonary embolism in women who have used oral
contraceptives. There are, however, several possible
confounding variables which may be causing bias.
Age-Our data show an increase in concentrations

of circulating immune complexes with age-for
example, in the healthy women with a history of no
oral contraceptive use there was a significant correla-
tion between log concentrations of circulating
immune complexes and age (r=0-576, p<0.05).
Moreover, the women with pulmonary embolism

were on average older than the healthy women (mean
ages 35-6 and 30.2 years respectively). A separate

analysis was therefore carried out for the 58 women

who could be precisely matched with a control subject
for age and oral contraceptive practice. Table 4 shows
that for each age group the concentrations of circulat-
ing immune complexes were higher in the women

with pulmonary embolism. Thus, although age is
theoretically a confounding variable, it does not

appear to explain the differences in concentrations of
circulating immune complexes between women who
have used oral contraceptives with and without pul-
monary embolism.

Type of oral contraceptive-Our analysis considered
not only user status-that is, current, past, or never-

but also the duration of use and type of preparation.
Interesting historical differences in types of prepara-

tions emerge owing to the fact that the women who
had had thrombotic disease ceased to take oral con-

traceptives after their hospital admission; because of
this far fewer study patients than healthy women had
ever used preparations containing less than 50 ,ug oes-

trogen per day. Over three quarters of the healthy
current oral contraceptive users had used these lower
dose preparations compared with only one quarter of
women with pulmonary embolism at diagnosis.
Nevertheless, when the women were analysed in three
subgroups-those who had a history of using oral con-

traceptives containing >50 ,ug, 50 ug, and <50 ,ug
oestrogen-no consistent trend in concentrations of
circulating immune complexes was found. The mean

concentrations for all women included in the study
were subdivided into three groups. When a similar
analysis was carried out on the women with pulmo-
nary embolism and the healthy women there was no

evidence that oral contraceptives containing higher
doses of oestrogen were more commonly associated
with higher concentrations of circulating immune
complexes. We did not attempt an analysis by specific
preparation (the numbers would have been too small),
but our data do not suggest that the dose of oestrogen
is an important confounding variable.

Duration of oral contraceptive use-Comparison of

Table 4 Concentratioms of circulating immune complexes (CIC) in women with pulmonary embolsm and healthy women matched
byfieyear age group

Age group No ofwomen Women with pulmonary embohsm Healt women

Lowest Highest Mean Lowest Highest Mean
concentration concentraton concentraon concentraion concentranon concentraton
(pgmi) (lg/mn) (pg/in) (pgmhi) (pg/mi) (pg/mb

15-19 2 900 1460 1180 235 235 235
20-24 6 235 2540 1246 188 1170 611
25-29 8 329 1640 792 0 1130 378
30-34 18 188 2260 690 0 850 358
35-39 13 94 3840 888 0 564 293
40-44 9 188 2350 1014 94 1030 365
45-49 2 658 750 704 0 188 94
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duration of use indicated that the healthy women study is the tendency of women who had had a pul-
tended to have taken oral contraceptives for slightly monary embolism and used the pill at some time to
longer than the women with thrombotic disease, but have higher concentrations of circulating immune
these differences were not significant. complexes than either healthy oral contraceptive users
Time since thrombotic event-All groups of oral con- or women who had had the condition but never used

traceptive users included current and past users. the preparations.
Thrombotic patients defined as current users all The small number of patients with cerebral throm-
stopped taking oral contraceptives at the time of diag- bosis tended to have high concentrations, but those
nosis, so that they might not have taken the prepara- -with myocardial infarction did not. At first appear-
tions for several years before the time of sampling. - ance the data appear not to be entirely consistent with
Consequently it is conceivable that the concqntrations the earlier findings from Paris. In the earlier study
of circulating immune complexes might have fallen high concentrations of circulating immune complexes
since the time of stopping these preparations. This were found, regardless of the site of the thrombosis,
would, however, have resulted in patients with in women using oral contraceptives.'0 The inconsis-
thrombosis having lower rather than higher concen- tency is, however, almost certainly explained by the
trations than the healthy users. In fact, patients with difference in case selection. The first series of cases
thrombosis defined as past and current users had studied in Paris were characterised by the absence of
identical concentrations of circulating immune com- predisposing factors for vascular disease.'0 In the pre-
plexes, and these were not related to the time since sent epidemiological study patients were unselected
stopping oral contraceptives. with regard to predisposing factors. All those with
Days to sending sample-The concentrations of cir- myocardial infarction had cardiovascular risk factors

culating immune complexes were considered accord- and did not appear to have raised concentrations of
ing to the number of days between collecting the sam- circulating immune complexes. On the other hand,
ple and it arriving in Paris. The time interval was not the stroke patients did not have risk factors and
found to have any effect on the concentration. appeared to have higher concentrations, but numbers

Myocardial infarction and stroke-There were no are too small to draw definitive conclusions. Having
significant differences between the concentrations of excluded pulmonary embolus in association with
circulating immune complexes in the women with pregnancy, surgery, and trauma, we were left with a
myocardial infarction and their equivalent healthy group without known risk factors for the condition.
controls. Of the 28 cases of myocardial infarction, all This explanation is supported by a current study of
but one had concentrations <700 ,ug/ml. It may be unselected patients in Paris,'3 which has shown a pat-
relevant though that the great majority of these tern of concentrations of circulating immune com-
women (25) had other risk factors for ischaemic heart plexes similar to that observed in our study.
disease. The number of patients with cerebral throm- The healthy oral contraceptive users in our study
bosis is very small, but it is of interest that this group, appear to have higher concentrations of circulating
who did not have other cardiovascular risk factors, immune complexes than similar women studied in
had high concentrations of circulating immune com- France,'3 the difference being entirely due to the
plexes. higher concentrations in past users. The current users

have an almost identical mean concentration to those
Discussion studied in Paris, and we are unable to explain the

relatively high concentrations in our series of past
Our methodology makes the assumption that, in the users. This finding, together with the considerable
women with cardiovascular disease, the concentra- overlap between various groups, makes it difficult to
tions of circulating immune complexes after the event define from the present data a cut off point below
are similar to those beforehand. None of these which concentrations of circulating immune com-
patients continued to take oral contraceptives after plexes might be considered as normal or above which
diagnosis and thus could not have developed higher they might be considered as abnormal.
concentrations of circulating immune complexes as a The present data (derived from an unselected popu-
result of continuing exposure. Although it is conceiv- lation in another country), however, do provide
able that the event itself might have stimulated the confirmatory evidence for the suggestion that an
production of circulating immune complexes, our immunological mechanism may play a role in throm-
data provide evidence that this is not the case: women botic episodes associated with oral contraceptive use,
who had suffered a thrombotic episode but who had especially in women in whom these occur in the
not used oral contraceptives had concentrations of cir- absence of risk factors for vascular disease.
culating immune complexes similar to those in the Refinement of laboratory procedures and prospective
healthy group. The most stfiking finding from our studies will be necessary to assess whether it is poss-
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ible to define a cut off point and whether it would be
of value to use measurements of circulating immune
complexes as a screening test for vascular complica-
tions in oral contraceptive users. The present data are

encouraging.
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