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Intrapartum risk factors for newborn encephalopathy:

the Western Australian case-control study
Nadia Badawi, Jennifer | Kurinczuk, John M Keogh, Louisa M Alessandri, Fiona O’Sullivan,

Paul R Burton, Patrick ] Pemberton, Fiona J Stanley

Abstract

Objective To identify intrapartum predictors of
newborn encephalopathy in term infants.

Design Population based, unmatched case-control
study.

Setting Metropolitan area of Western Australia, June
1993 to September 1995.

Subjects All 164 term infants with moderate or severe
newborn encephalopathy; 400 randomly selected
controls.

Main outcome measures Adjusted odds ratio
estimates.

Results The birth prevalence of moderate or severe
newborn encephalopathy was 3.8/1000 term live
births. The neonatal fatality was 9.1%. Maternal pyrexia
(odds ratio 3.82), a persistent occipitoposterior position
(4.29), and an acute intrapartum event (4.44) were all
risk factors for newborn encephalopathy. More case
infants than control infants were induced (41.5% and
30.5%, respectively) and fewer case infants were
delivered by caesarean section without labour (3.7%
and 14.5%, respectively). Operative vaginal delivery
(2.34) and emergency caesarean section (2.17) were
both assodiated with an increased risk. There was an
inverse relation between elective caesarean section
(0.17) and newborn encephalopathy. After application
of a set of consensus criteria for elective caesarean
section only three (7%) eligible case mothers compared
with 33 (65%j eligible control mothers were sectioned
electively. Of all the case infants, 113 (69%) had only
antepartum risk factors for newborn encephalopathy
identified; 39 (24%) had antepartum and intrapartum
factors; eight (5%) had only intrapartum factors; and
four (2%) had no recognised antepartum or
intrapartumn factors.

Conclusions The causes of newborn encephalopathy
are heterogeneous and many relate to the antepartum
period. Elective caesarean section has an inverse
association with newborn encephalopathy.
Intrapartum hypoxia alone accounts for only a small
proportion of newborn encephalopathy. These results
question the view that most risk factors for newborn
encephalopathy lie in the intrapartum period.

Introduction

Previous studies of newborn encephalopathy have
focused almost exclusively on the intrapartum causes
of “hypoxic ischaemic encephalopathy.”” The contri-
bution of intrapartum events to newborn encepha-
lopathy remains unclear. We report the intrapartum
findings from the Western Australian case-control
study of newborn encephalopathy.®

Subjects and methods

The subjects and methods are as reported in the
accompanying paper.®

_29_

Results

Intrapartum period

Maternal pyrexia, a persistent occipitoposterior
position, and an acute intrapartum event were all
labour related events associated with a significantly
increased risk of newborn encephalopathy (table 1).
Only nine of the 18 affected infants and none of the
nine control infants whose mothers had experienced
pyrexia had a pathogenic organism isolated from
mother or baby. A prolonged interval from rupture
of membranes to delivery, abnormalities in blood
pressure, a nuchal cord, cord prolapse, and shoulder
dystocia were associated with a non-significantly
increased risk.

Onset of labour and final mode of delivery

The final mode of delivery is determined by the deliv-
ery plan and response to intrapartum events. As the
delivery plan could not be determined onset of labour
was investigated as a surrogate (table 1). The same pro-
portion of cases and controls had spontaneous onset
of labour. More case infants than control infants, how-
ever, were induced and fewer case infants were
delivered by caesarean sections without labour.

Overall, a similar proportion of case and control
infants were delivered by caesarean sections (23% (38)
and 24% (96), respectively). Relative to spontaneous
vaginal delivery, instrumental vaginal delivery and
emergency section were associated with over a twofold
increased risk of encephalopathy. Only 24% (four)
affected infants compared with 14.5% (58) of control
infants were delivered by elective section, defined as
one planned at least 24 hours before the procedure
(adjusted odds ratio relative to spontaneous vaginal
delivery 0.17; 95% confidence interval 0.05 to 0.56).
This inverse relation was not explained by social
factors, including health insurance status, as these had
been adjusted for. The documented indications for
elective sections among case and control infants are
shown in table 2; previous caesarean section was the
most common.

To ascertain whether different risk factor profiles
explained the differences in proportion of emergency
and elective caesarean sections, 14 practising consult-
ant obstetricians from Perth were asked to develop a
set of criteria which would lead them to recommend an
elective section at term in the interest of the baby. The
consensus, which was developed without knowledge of
the study results, comprised intrauterine growth
restriction, malpresentation, abnormal antepartum
cardiotocography, two previous sections, macrosomia
with diabetes or gestational diabetes, active herpes, and
a previous difficult labour. When we applied these con-
sensus criteria to mothers of case and control infants
(table 3) eligible mothers of case infants were 24 times
less likely (unadjusted odds ratio relative to spontane-
ous vaginal delivery 24.2; 6.61 to 90.1) than eligible
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mothers of control infants to have been sectioned elec-
tively. Nearly 40% of the eligible case infants were
eventually delivered by an emergency section and
nearly 20% were delivered instrumentally or by vaginal
breech delivery. The consensus criteria met by eligible
mothers are summarised in table 4. This shows that
even in the group that met the consensus criteria there
was a difference in antepartum risk factor profiles
between cases and controls.

Other intrapartum factors

The presence of an abnormal intrapartum cardiotoco-
gram, meconium stained liquor, and fetal distress are
usually considered to reflect intrapartum hypoxia and
were not included in the adjusted analyses as they were
likely to be along a causal pathway for, or the first signs
of, newborn encephalopathy or were markers of
encephalopathy. Inclusion of these variables in the
adjusted analysis would have masked the effects of
other variables that were working through them. Half
the affected infants had intrapartum cardiotocography
performed compared with 30% of control infants. The
cardiotocogram was described as abnormal in 61% of
affected infants compared with 37% of control infants
(unadjusted odds ratio 4.43; 1.81 to 10.85). Meconium
was described more commonly in case infants than
control infants (33% v 12%; 3.72; 2.33 to 5.95) and
grade III meconium in particular was much more
common in case infants (13% v 1.0%; 16.7; 5.76 to
50.0). Finally, fetal distress during labour was recorded
by the midwife more often in case infants than control
infants (21% v 8%; 3.16; 1.84 to 5.43). For the same
reason we did not include immediate characteristics of
the newborn (table 5) in the adjusted analysis.

Contribution of possible intrapartum hypoxia

In an attempt to estimate the proportion of infants
who had been exposed to possible intrapartum
hypoxia we used the following modified criteria:
presence of an abnormal intrapartum cardiotocogram
or abnormal fetal heart rate on auscultation or fresh
meconium in labour, or both, together with a 1 minute
Apgar score of less than 3 and a 5 minute Apgar score
of less than 7° Cord pH measurements were not
included because they were performed so infrequently.
Thirty one affected infants (19%) and two control
infants (0.5%) fulfilled these criteria. A further 16 cases
did not strictly fulfil the definition, but there was
evidence that they had experienced a significant intra-
partum event which may have been associated with
intrapartum hypoxia (for example, breech presenta-
tion, birth before arrival at hospital, head stuck, Apgar
scores not measured). Therefore, a total of 47 case
infants (29%) had evidence of having experienced
intrapartum hypoxia. Only seven of these (4% of all
cases), however, fulfilled the criteria of possible
intrapartum hypoxia in the absence of preconcep-
tional or antepartum abnormalities. Four case infants
(2%) had no recognised antepartum risk factors or evi-
dence of intrapartum hypoxia and 113 (69%) had only
antepartum factors identified (fgure 1). Only I5 of
these 47 case infants met the consensus eligibility
criteria for an elective caesarean section.

BM] VOLUME 317 5 DECEMBER 1998 www.bmj.com

Table 1 Risk factors for newborn encephalopathy present in intrapartum period and

adjusted for factors before birth and antepartum

No (%) of No (%) of Unadjusted  Adjusted odds ratio*
Risk factor cases (n=164) controls (n=400) odds ratio (95% Cl)
Occipitoposterior presentation:
No 147 (89.6) 385 (96.2) 1t 1t
Yes 7 (104) 15(38) 297 429 (1.7410 1058)
Maternal pyrexia {=37.5°C): e e
No 146 (89.0) 391 (97.8) T
Yes 18 (11.0) 9(22) 534 3.82 (144 t0 10.12)
Acute intrapartum event}: - Tttt
No 151 (92.4)  395(988) 1t
Yes “wee 502 680
Membrane rupture to delivery interval >12 hours: T
Tne 77 T 132(805)  347(86.7) 1t BT
TYes 7 T32(195)  53(132) 159 1.31 (069 to 2.47)
Blood pressure abnormaliies: o T
"N 77 i54(%39)  383(9%58 1t T
“Yes 77T 7wy 7@ 146 178(061105.15)
ﬁuchal Coa;__“ - T T e e
No B T1a2(868) 369 (922) it 1t
Yes 22 (13.4) 31 (7.8) 184 181 (0.85 to 3.86)
Cord prolapse:
No 163 (99.4) 399 (99.8) 1t 1t
Yes 1(0.6) 1(0.2) 245 4.71 (0.21 to 105.02)
Onset of labour:
p 90 (54.9) 220 (55.0) 1t 1t
Induced 68 (41.5) 122 (30.5) 1.36 0.97 (057 to 1.68)
" None T T eg@7) 58 (145) 025 0417 (0.06 10 0.49)
Mode of delivery: ' T -
5p vagial 49 (299) 261 (40.3) it 1t
induced vaginal C T 32 (195) 80 (20) 131 110 (055 to 2.18)
Instrumental vaginal 2(256)  62(155) 223 2.34 (1.16 to 4.70)
" Elective caesarean section 4 (24) 58 (14.5) 0.23 0.17 (0.05 to 0.56)
Emergency caesarean section 34 (20.7) 38 (9.5) 294 2.17 (1.01 to 4.64)
Breech manoeuvre 3(1.8) 1(0.3) 9.86 1.54 (0.10 to 25.14)
Shoulder dystocia:
No 155 (94.5) 393 (98.3) 1t 1t
Yes 9(55) 7017 3.26 30 (0.7 10 11.67)
General
No 145 (89.0) 389 (97.2) 1t 11
Yes - B0y 1128 440 308{(1.1610847)
5&H7 thaain. T ot T T T
No 145 (88.4) 331 (828) 1T 1t
TYes  "Ti01e) 69(172) 064 051 (0.26 to 1.02)

*Adjusted for maternal age, parity, employment status, health insurance status, race, family history of
epilepsy and other neurological disease, infertility treatment, hypertension, height, thyroid disease,
pre-eclampsia, moderate or severe bleeding, viral illness, alcoho! consumption, gestational age, centile birth
weight, infant sex, appearance of placenta, late or no antenatal care, hospital of defivery, and plurality.
1Baseline comparison group. tHaemorrhage (n=7), maternal convuisions (n=2), rupture of uterus (n=1),
snapped cord (n=1), and birth of baby before arrival at obstetric facility (n=2). §Includes two women who

had emergency caesarean sections before onset of labour.

Table 2 Indications for elective caesarean section documented
by midwife according to whether baby had newborn
encephalopathy (cases) or not (controls)

{ndication No delivered by caesarean

Controls (n=58)

Previous caesarean section

Malpresentations
Previous difficult labour
(ntrauterine granh retardation
Placenta previa

Other reasons*

Cases (n=4)

Two previous caesarean sections 2 o
One previous caesarean section 1

Intrauterine growth retardation 1

*One each of antepartum fetal tachycardia, active herpes infection, nephrotic
syndrome, cephalopelvic disproportion, pre-eclampsia with inflammatary bowel
syndrome, oligohydramnios, macrosomia, maternal request, reason not given.
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Table 3 Details of onset of labour and final mode of delivery in cases (babies with
newborn encephalopathy) and controls by eligibility for elective caesarean section
according to consensus criteria. Values are numbers (percentages) of subjects

Cases Contrais
Elective section Others Elective section Others

Detail candidates (n=43)  (n=121) candidates (n=51) (n=349)

Labour onset:

“spontancous  19(4d2)  71(s87) 877y 211(605)
Induced B 20 (46.5) 48 (39.7) 9177 113 (324)
None 4t (9.3) 2(1.7) 3 (647)  25(7.2)

Final mode of delivery: -

Elective caesarean 3(7.0) 1(0.8) 33 (64.7) % (72)
Non-elective caesarean 17 (39.5) 17 (14.1) 7(137) 31(89)
Instrumental and breech 8 (18.6) 37 (30.6) 4(7.8) 59 (16.9)
Induced vaginal 8 (18.6) 24 (19.8) 5 (9.8} 75 (21.5)
Spontaneous vaginal 7 (16.3) 42 (34.7) 2 (3.9) 159 (45.6)

*Eligiblity defined by consensus opinion of 14 obstetricians. Consensus list was intrauterine growth
retardation, matpresentation, abnormal antepartum cardiotocogram, two previous caesarean sections,
macrosomia with diabetes or gestational diabetes, active herpes, and previous difficult labour.

tincludes two women who had emergency caesarean sections before onset of labour.

Table 4 Consensus criteria met by mothers of cases (babies with
newborn encephalopathy) and controls eligible for elective
caesarean section.* Values are numbers (percentages) of subjects

Eligible cases Eligible controls
Consensus criteria* (n=43) (n=51)
Predicted infant weight <3rd centile 21 {48.8) 5(98)
Abnormal antepartum cardiotocogram 14 (32.6) 8(15.7)
Breech and other malpr i 9 (20.9) 21 (41.2)
Two previous caesareans 3(7.0) 12 (23.5)
Previous difficult labour 0(0) 4(7.8)
Gestational diabetes and macrosomia 123 0
Active herpes 0(0) T2 @Eﬁ o

*These criteria are not mutually exclusive.

Discussion

Our results indicate that intrapartum hypoxia alone
accounts for only a small proportion of cases of
newborn encephalopathy, and elective caesarean
section had an unexpected inverse association with
newborn encephalopathy.

Role of intrapartum hypoxia

Although 29% of affected infants experienced events
traditionally indicative of birth asphyxia, it does not
necessarily follow that asphyxia was the primary cause
of the encephalopathy. While some intrapartum
factors may be single causes—that is, a previously nor-
mal baby who becomes encephalopathic in labour (fig
2, pathway 1)—this was an uncommon scenario in our
study (see fig 1). Other factors may be on a causal path-
way that starts before birth but which includes
intrapartum hypoxia as a contributor (figure 2,
pathway 2). For example, growth restriction alone is
associated with newborn encephalopathy® and expo-
sure to labour may compound that damage." A further
possibility is that the intrapartum factors are merely
markers of damage associated with adverse events
before birth (fig 2, pathway 3). Abnormality on a cardio-
tocogram, meconium stained liquor, low Apgar scores,
or the need for active resuscitation may simply reflect
previous neurological compromise.'

A very small proportion of infants had no
recognised antepartum risk factors nor evidence of
intrapartum hypoxia, and it remains unclear as to
when their encephalopathy started and what caused it.
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Over two thirds of affected infants had only
antepartum factors identified. Together these two
groups represent over 70% of cases among which
there was no evidence of adverse intrapartum events.
This points to the antepartum period being of prime
aetiological importance in most cases of newborn
encephalopathy.

Infection

Maternal pyrexia in labour was a significant risk factor,
confirming our previous finding."” Prolonged interval
between rupture of membranes and delivery, a risk fac-
tor for ascending infection, was more common in cases
compared with controls but not significantly so. Chorio-
amnionitis is of current interest as a cause of cerebral
palsy in both term" and preterm" infants. The mecha-
nisms of fetal damage, however, are not known but
could include cerebral sepsis, hyperthermia, or action
via inflammatory mediators.”

Caesarean section

The most striking finding relates to mode of delivery.
These data suggest an important inverse association
between elective caesarean section and newborn
encephalopathy. There are several possible explana-
tions for this finding. Chance alone is an unlikely
explanation, as shown by the 95% confidence interval,
although mode of delivery was not one of the initial
study hypotheses.” The results are also unlikely to be
due to biased selection of control subjects. The control

Table 5 Immediate characteristics of babies with encepalopathy
(cases) and controls. Values are numbers (percentages) of
subjects

Characteristic Cases (n=164) Controls {n=400)}
Apgar at 1 minute:
4 50308 3(07)
36 _7 46 (28.1) 3702
>6 67 (40.8) 359 (89.7)
Missing 108 1(0.2)
Apgar at 5 minutes: -
<3 14 (8.5) 0
T 36 - 40 (24.9) 5(1.2)
s6  108(659) 394 (98.5)
Missing T T
Onset of respiration: B T
<2 minutes 83 (50.6) 373 (93.2)
T2minstes  68(415) 15 (3.7)
" Not established 6 (3.7) 0
TwMissng 742 1280
Airway y
None 30 (18.3) 283 (88.2)
Suction alone 15 (9.1) 82 (205)
" Oxygen - 29077y a9(122)
" Bagand mask R
Intubation 44 (26.8) 4(1.0)
Tintubation and CPR* 10(62) 0
Missing 1ol 208
cord pH: I T
“Not measured 135@824)  smirn
a0 T sy T T T
7671 T T T esy 208
Te72 T T Tees T Teas
" Missing T e 1(02)
Birth trauma: o -
Present 17 (10.4) o

*Cardiopulmonary resuscitation.
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Fig 1 Distribution of risk factors for newborn encephalopathy
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Fig 2 Theoretical scenarios for timing of neurological insult in
newborn encephalopathy

subjects were randomly selected and their final mode
of delivery and all 21 other characteristics of
pregnancy, labour, and infant available for comparison
were the same as for all term live births in Western
Australia during the study period.® There was no
evidence of case selection bias as all affected infants
were included and none died before transfer’! We
therefore conclude that our findings are real.

A vital distinction, not made in most other studies,
is the differentiation between elective and non-elective
sections? " ¥ Had we failed to make this distinction
we would have concluded that caesarean section had
no effect on the risk of newborn encephalopathy.
When we applied the eligibility criteria for elective sec-
tions we found that eligible case infants were more
than 20 times less likely to be delivered by elective sec-
tion than eligible control infants. The reasons for the
apparent differences in the management of labour in
the cases and controls are undoubtedly complex and
may reflect genuine differences (see table 4). Unrecog-
nised high risk features, alternatives to the consensus
view, women’s choice of vaginal delivery, or perhaps
some undefined factors which led a pregnancy to
result in a baby with encephalopathy may also have
operated to affect the management of delivery. As the
definition of an elective caesarean section was one in
which there were 24 hours between the decision and
delivery, it is also possible that some of these women
had been booked for an elective section which they did
not receive because they went into labour. On close
review of the eligible cases, however, a maximum of
only 20% could possibly fall into this category.

It is of note that even in those women not meeting
the consensus criteria for elective section, mothers of
control infants were electively sectioned much more
commonly than mothers of case infants. Furthermore,
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eligible mothers of case infants did not avoid operative
and instrumental delivery but had emergency rather
than elective procedures. Non-elective sections involve
inherently more operative and postoperative risk,
reflected in the lower maternal morbidity after elective
sections. In addition, the baby delivered by a
non-elective section has usually been exposed to the
stresses of labour, and this may have an independent
impact on outcome.

Elective caesarean sections may exert their
apparent beneficial effects by avoiding some of the
intrapartum risk factors for encephalopathy. For
example, elective sections prevent exposure to
post-maturity, persistent occipitoposterior position,
intrapartum maternal pyrexia, and catastrophic events
in labour. It may be the avoidance of these factors other
than caesarean section per se which contributes to its
apparent benefit.

We readily recognise that there is no “correct rate”
of elective caesarean sections, but it is pertinent to ask
whether women who would benefit most are being
identified and given access to this method of delivery. It
is not possible to say from this observational study
whether elective section would have actually changed
the outcome in any of the cases, but it is an obvious
question and one worthy of further investigation. As a
trial to answer this question is unlikely ever to be
performed,” however, observational studies such as
this would probably be our only source of information.
It is, however, pertinent to note that our findings
cannot be used to argue on a very wide basis that clis-
ability can be prevented by elective caesarean section.

Increasingly, the debate about the aetiology of peri-
natal brain injury emphasises the relatively small
contribution of the intrapartum period. The presence
of antepartum events does not mean that the
intrapartum course did not contribute to the final out-
come. Nevertheless, even with the best care not all
potentially damaging intrapartum events are avoid-
able. It seems likely, however, that many babies already
have encephalopathy before labour and others, whose
reserve is diminished at the onset of labour, may have
less capacity to cope with hypoxia when it occurs

ey message:

® Intrapartum risk factors for newborn
encephalopathy include maternal pyrexia,
persistent occipitoposterior position, and acute
intrapartum events

¢ Operative vaginal delivery and emergency
caesarean section were both associated with an
increased risk whereas there was an inverse
relation with elective caesarean section

® There was no evidence of intrapartum hypoxia
in over 70% of cases of newborn
encephalopathy

® The causes of newborn encephalopathy are
heterogeneous and many relate to the
antepartum period

® These findings bring into question the view that
most risk factors for newborn encephalopathy
lie in the intrapartum period

-32-



Papers

Editorial by Lloyd

Department of
Child Health,
University of Wales
College of
Medicine, Academic
Centre, Llandough
Hospital, Penarth,
Vale of Glamorgan
CF64 2XX

A M Kemp,

senior lecturer

J R Sibert,
professor

S Jayawant,

senior registrar

A Rawlinson,
consultant
paediatrician

F Gibbon,
consultant in
paediatric neurology
Department of
Child Health,
Southmead
Hospital, Bristol
BS10 5NB

J Price,

consultant
paediatrician

continued over

BMJ 1998;317:1558-61

during labour. Elucidating these multiple pathways will
be the only way we can go forward in the prevention of
newborn encephalopathy.
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Subdural haemorrhages in infants: population based study

S Jayawant, A Rawlinson, F Gibbon, J Price, ] Schulte, P Sharples, ] R Sibert, A M Kemp

Abstract

Objectives To identify the incidence, clinical outcome,
and associated factors of subdural haemorrhage in
children under 2 years of age, and to determine how
such cases were investigated and how many were due
to child abuse.

Design Population based case series.

Setting South Wales and south west England.
Subjects Children under 2 years of age who had a
subdural haemorrhage. We excluded neonates who
developed subdural haemorrhage during their stay on
a neonatal unit and infants who developed a subdural
haemorrhage after infection or neurosurgical
intervention.

Main outcome measures Incidence and clinical
outcome of subdural haemorrhage in infants, the
number of cases caused by child abuse, the
investigations such children received, and associated
risk factors.

Results Thirty three children (23 boys and 10 girls)
were identified with subdural haemorrhage. The
incidence was 12.8/100 000 children/year (95%
confidence interval 5.4 to 20.2). Twenty eight cases
(85%) were under 1 year of age. The incidence of
subdural haemorrhage in children under 1 year of
age was 21.0/100 000 children/year and was
therefore higher than in the older children. The
clinical outcome was poor: nine infants died and 15
had profound disability. Only 22 infants had the basic
investigations of a full blood count, coagulation
screen, computed tomography or magnetic resonance
imaging, skeletal survey or bone scan, and

-33-

ophthalmological examination. In retrospect, 27 cases
(82%) were highly suggestive of abuse.

Conclusion Subdural haemorrhage is common in
infancy and carries a poor prognosis; three quarters
of such infants die or have profound disability. Most
cases are due to child abuse, but in a few the cause is
unknown. Some children with subdural haemorrhage
do not undergo appropriate investigations. We believe
the clinical investigation of such children should
include a full multidisciplinary social assessment, an
ophthalmic examination, a skeletal survey
supplemented with a bone scan or a skeletal survey
repeated at around 10 days, a coagulation screen, and
computed tomography or magentic resonance
imaging. Previous physical abuse in an infant is a
significant risk factor for subdural haemorrhage and
must be taken seriously by child protection agencies.

Introduction '

Subdural haemorrhage in infants and young children
presents major challenges in diagnosis to doctors,
social workers, and courts. It has been recognised as a
form of severe child abuse as far back as 1860, but little
is known about the epidemiology or prognosis of the
condition." In clinical practice, it is often difficult to
deduce whether a subdural haematoma in an infant is
caused by accident or abuse’ The shaken baby
syndrome is well described both clinically and
pathologically, but there are few epidemiological
accounts of this condition that is associated with death
and disability.*

We performed a population based case series study
of children under the age of 2 years who had a

BMJ VOLUME 317 5 DECEMBER 1998 www.bmj.com
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Mortality associated with oral contraceptive use: 25 year
follow up of cohort of 46 000 women from Royal College

of General Practitioners’ oral contraception study
Valerie Beral, Carol Hermon, Clifford Kay, Philip Hannaford, Sarah Darby, Gillian Reeves

Abstract

Objective To describe the long term effects of the use
of oral contraceptives on mortality.

Design Cohort study with 25 year follow up. Details of
oral contraceptive use and of morbidity and mortality
were reported six monthly by general practitioners.
75% of the original cohort was “flagged” on the NHS
central registers.

Setting 1400 general practices throughout Britain,
Subjects 46 000 women, half of whom were using
oral contraceptives at recruitment in 1968-9. Median
age at end of follow up was 49 years.

Main outcome measures Relative risks of death
adjusted for age, parity, social class, and smoking.
Results Over the 25 year follow up 1599 deaths were
reported. Over the entire period of follow up the risk
of death from all causes was similar in ever users and
never users of oral contraceptives (relative risk= 1.0,
95% confidence interval 0.9 to 1.1; P=0.7) and the
risk of death for most specific causes did not differ
significantly in the two groups. However, among
current and recent (within 10 years) users the relative
risk of death from ovarian cancer was 0.2 (0.1 o 0.8;
P=0.01), from cervical cancer 2.5 (1.1 to 6.1;

P =0.04), and from cerebrovascular disease 1.9 (1.2 to
3.1, P=10.009). By contrast, for women who had
stopped use =10 years previously there were no
significant excesses or deficits either overall or for any
specific cause of death.

Conclusion Oral contraceptives seem to have their
main effect on mortality while they are being used
and in the 10 years after use ceases. Ten or more years
after use ceases mortality in past users is similar to
that in never users.

Introduction

Oral contraceptives have been available for 40 years
and, although their short term effects on health have
been studied in detail,' * comparatively little is known
about whether these effects persist after use stops. The
Royal College of General Practitioners’ oral contracep-
tion study was set up in 1968 to monitor the health of
women who had used oral contraceptives. We present
the results of a 25 year follow up of that population

_38_

examining the effect of use of oral contraceptives on
mortality in the long term.

Subjects and methods

Over 14 months from May 1968, 1400 general practi-
tioners throughout the United Kingdom recruited
23 000 women who were using oral contraceptives and
a similar number who had never used them into the
oral contraception study' Most women (98%) were
white and all were married or living as married.
General practitioners were asked to provide infor-
mation on oral contraceptives prescribed, pregnancies,
new illness, or death for each subject every six months.
During the early years of the study some general prac-
titioners withdrew their patients and some women
moved and left the study. In 1976-7 an attempt was
made to “flag” the cohort on the NHS central registers
in Southport and Edinburgh to provide information
on death and cause of death for women who were no
longer being followed regularly by their general
practitioner. About 75% of the original cohort was suc-
cessfully flagged, and these women have been followed
for death and emigration since then. The remaining
25% could not be flagged because they or their general
practitioners had left the study before the flagging pro-
cedure could be instigated and the personal details
required for flagging were not available to the
investigators. The mortality of the women who were
followed regularly by their general practitioner was
similar to that of women who left the study.’

This analysis includes deaths up to 31 December
1993. We obtained a copy of the death certificate for all
women who had died, and CK or PH coded the cause
of death according to ICD-8 (international classifi-
cation of diseases, eighth revision),' occasionally
supplementing information from the death certificate
with details provided by general practitioners.” Person-
years of follow up were calculated from the date of
recruitment up to the date of death for the 1599
women who had died, up to the date of last contact
with the general practitioner for 10 958 women who
were not flagged on the NHS registers, or up to 31
December 1993 for 33 554 women who were flagged
on the NHS registers and alive on that date’ For
women who were no longer being followed by their
general practitioner before 1 January 1977 but were
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flagged no person-years were included for the period
between the date of last contact with their general
practitioner and 1 January 1977 because the ascertain-
ment of deaths during that period may have been
incomplete.’

Person-years were categorised by age (16-19,
20-24...70-79), parity (0, 1-2, 23, not known), social
class at recruitment (I-1I, ITL, IV-V, other), and cigarette
smoking at recruitment (0, 1-14/day, =15/day, not
known) with a standard computer program.® Person-
years were further subdivided according to whether
the women had taken oral contraceptives and, where
appropriate, by duration of use and time since first and
last use. At recruitment half (23 000) of the subjects
were using oral contraceptives, but by 31 December
1993, 63% had used them at some time. Women who
started using oral contraceptives after recruitment
contributed person-years to the “never user” category
up to the date that they began using them. For women
who were flagged on the NHS registers but no longer
regularly followed up by their general practitioner, we
assumed that past users and never users who were over
the age of 40 at the date of last contact did not subse-
quently take oral contraceptives. For current users and
women aged under 40 at the time of last contact with
their general practitioners, we assumed that use
continued for two years as stated at the time of last
contact, but thereafter use was classified as unknown.
These assumptions about subsequent use of oral
contraceptives are similar to those used in analyses of
other cohort studies.”

The resuits presented here are based on 853 517
person-years of follow up until 31 December 1993:
517 519 in women who had used oral contraceptives
and 335998 in women who had never used them.
Standardised mortality ratios were calculated by using
mortality for women in England and Wales as a stand-
ard.’ Relative risks were adjusted for age, parity, social
class, and smoking with the Poisson regression
program module of EPICURE. P values are two tailed.

Results

By 31 December 1993 the cohort had been followed
for 25 years and the median age of the women was 49
years (48 for ever users of oral contraception and 50
for never users). During that period 1599 deaths were
reported, 945 in ever users and 654 in never users
(table 1). The death rate from all causes combined was
21% lower than in the UK population (overall
standardised mortality ratio="79). The relative risk of
death from all causes combined after adjustment for
age, parity, social class, and cigarette smoking did not
differ significantly between ever users and never users
(relative risk = 1.0, 95% confidence interval 0.9 to 1.1;
P=0.7).

Table 1 also shows standardised mortality ratios
and adjusted relative risks of death for common
specific causes and groups of causes of death (and also
for some particular causes that have been reported to
be affected by oral contraceptive use) according to ever
use of oral contraceptives. For most specific causes of
death the standardised mortality ratios in ever users
and never users of oral contraceptives were around
100 and did not differ significantly between the two
groups. The few exceptions were colorectal cancer and
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Table 1 Standardised mortality ratios in ever users and never users of oral
contraceptives and relative risk in ever users compared with never users

Standardised mortality ratio
{No of deaths)

risk
Cause of death (I1CD-8 code) Ever users  Never users {95% CI) t
ANl causes (000-999) 82 (945) 74(654) 100910 1.1)
All cancers (140-209) 85 (474)  85(356) 1.0 (08to 1.1}
Colorectal (153154  62(29)  108(39) _ 06(041009)
Liver (155) T T 126(5)  34(1) 5.0 (06 to 43.2)
Lng 1620 107(5 T (40)  12(081018)
Breast (174) ) 87 (154) 81 (105  11(081014)
CCewix (180) 77 1153 57(13)  17(09t03.2)
TUens(812) T @@ @) 03@itid)
Covay(e3) T ugaay) T 83(3)  08(0310 10
Other cancers S TR7 (14 95(120)  08(07101.1)
All circulatory diseases (390-458) T T R@an T w8 12(10t015)
"lschaemic heart disease (4104) 70(98)  68(79)  09(071013)
Other heart disease (42099 107 (19) 66(9  14(061031)
" Cerebrovascular disease (430-8)  111(87)  62(38)  15(1.0t0 23
Other circulatory T T T @) 4D 14(08t025)
Al digestive diseases (520-77)  85(37)  74(24) 11(06101.8)
" Liver disease (570-3) 123 69 (10) 1.7 (0.8 t0 3.6)
All other diseases (1-139, 210-389, 460-519, 53(95)  65(89)  08(06t010)
578-799)
ZioTent or accidental causes (800-999) T (’162')*' o m‘,‘g),,,m ’ 1757('111“5?53?
Suicide (950-9 T123(39) 73(16)  15(081027)

*P<0.05. tAdjusted for age, social class, parity, and smoking.

ovarian cancer, for which the relative risks of death in
users were significantly below 1.0, and cerebrovascular
disease and all violent and accidental causes of death,
for which the relative risks were significantly greater
than 1.0. Ever use is, however, a crude measure of use
of oral contraceptives.

Table 2 shows for various causes the relative risk of
death compared with never users in relation to the
number of years since oral contraceptives were first
used. Within the first 10 years of starting use of oral
contraceptives there was a significant excess mortality
from all causes of death (relative risk= 1.2, 95% confi-
dence interval 1.0 to 1.50; P = 0.03), all circulatory dis-
eases (2.2, 1.5 to 3.2; P<0.0001), and cerebrovascular
disease (2.7, 1.5 to 4.9; P =0.0008). However, the excess
mortality from these causes fell with time, this trend
being significant for all circulatory disease (P=0.002)
and cerebrovascular disease (P=10.02). There were 380
deaths in women who began using oral contraceptives
more than 20 years before the end of follow up, and
this group showed no significant excess or deficit in
mortality from any specific condition or overall.

Table 3 shows the pattern of risk of death for vari-
ous conditions in relation to the time since stopping
use of oral contraceptives. By the end of follow up the
median time since last use in the cohort was 17 years.
Significant increases or decreases in risk were found
mainly in current users or those who had stopped use
within the past 10 years—for example, women who
were current users or who stopped use in the past five
years had a significantly reduced risk of ovarian cancer
(0.1, 0.0 t0 0.9; P=0.04) and a significant excess of all
circulatory diseases (1.7, 1.2 to 24; P=0.006) and cer-
ebrovascular disease (1.9, 1.1 to 3.4; P=0.03) and
women who had stopped use five to nine years
previously had an significant excess risk of cervical
cancer (3.0, 1.1 to 8.1; P=0.03) and cerebrovascular
disease (2.0, 1.1 to 3.7; P=0.02). Among women who
had stopped use 15 or more years previously most of
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Table 2 Relative risk of death in users of oral contraceptives compared with never users according to time since first use

Years since first use of oral contraceptives (P value)
Cause of death (ICD-8 code) < 1019 >20 "“' for
rend by
Relative riskt No of Relative riskt No of Relative risk{ No of time since
(95% CI) deaths {95% G} deaths {95% CI) deaths first use
All causes (000-999) 12 (1010 15 167 11(09t012) 398  09(0Bto11) 380 009
All cancers (140-209) 08(07t013) 61 10(08t012) 212 09(08lo11) 201 08
Colorectal (153-154) T To7@2t23 405030ty 11 06(03to11) 4 08
Lung (162) 09(031023) 5  13(08t21) 34 12(07to19) 36 08
Breast (174) 1107to18 22 12(08l16 74 10(07t013) 58 08
Cervix (180) 08031025 5  20(1001040) 22 18(08td42) 1 0z
Ovary (183) 0.9 (0310 2.7) 4 05(021010° 8 06(03w013) 12 08
Other cancers 1.0 (06 t0 16) 21 09(07t012) 63  09(07t12) 70 04
All ci y di (390-458) 22 (151t032)* 49 13(10117) 99  09(07t12) 8 0002
Ischaemic heart disease (410-414) 18101032 14 10(0.710 16) 41 08(051011) 43 002
Other heart disease (420-429) 21051093 3 17(06tod5) 8  11(04030) 8 07
Cerebrovascular disease (430-438) 27(15t04.9)* T 17001027 39 10(06w18) 25

Other circulatory 2.4 {0910 6.5)

Al digestive di (520-577) 1.2 (05 t0 3.0) 7 13 (071024) 18 09(041018) 12
Liver disease (570-573) 200610700 4 15(06t37) 9  18(07tod4) 10 0.

All other diseases (1-139, 210-389, 460-519, 09(05t16) 16  06(041009) 28  09(06t13) 51 04
578-799)

Violent and accidental causes (800-999) 1610027 34 15(10t1023) 41 16(10t27) 277 o9
Suicide (950-959) 19(0.9104.1) 16 14 (0.7 to 2.8) 17 11 (04 10 29) & o2

*P<0.05,"*P<0.01. tAdjusted for age, parity, social class, and smoking.

the relative risks were around 1.0. For ovarian cancer
there was a weak suggestion that the protective effect
associated with current or recent use wore off (test for
trend, P=0.05).

Among ever users of oral contraceptives, the
average duration of use was five years. Table 4 shows
the relative risk of death in relation to the duration of
use of oral contraceptives. Women who used oral con-
traceptives for 10 or more years had a significant
excess mortality from lung cancer (2.0, 1.1 to 3.5;
P=0.02) and cervical cancer (4.1, 1.6 to 10.6;
P=0.003). The excess deaths from lung cancer were
mainly among smokers (17 deaths in smokers and
three in non-smokers), the relative risk associated with
10 or more years of use of oral contraceptives being 2.0

for smokers and 2.2 for non-smokers. This excess may
be a chance finding or perhaps due to residual
confounding. There was also a significant trend of
increasing mortality for all cancers combined and for
cervical cancer in relation to duration of use (P=0.02
and 0.03, respectively).

Duration of use and time since first and last use of
oral contraceptives were highly correlated, with current
and recent users being more likely to have used
contraceptives for longer. Table 5 shows the relative
risk of death among ever users of oral contraceptives
according to time since last use of oral contraceptives
and duration of use. All significant results were
confined to women currently using oral contraceptives

or who had stopped’in the past 10 years, although

Table 3 Relative risk of death in users of oral contraceptives compared with never users according to time since last use

Years since last use of oral contraceptives (P value)
Current and <5 59 10-14 >15 t'fef"d";;
Relative riskt No of Relative riskt No of Relative riskt No of Relative riskt No of time since
Cause of death (ICD-8 codes) (95% CI) deaths {95% G} deaths (95% Cl) deaths {95% Cl) deaths last use
All causes (000-999) 10(09101.2) 199 11(091013) 142 11(091013) 189 09080 1.1) 1% 10
AWl cancers (140-209) 09(07101.1) 81 11(08t014) 79 11(08t013) 104 09(07t01.1) 99 09
Colorectal (153-154) 0.5 (0210 1.4) 4 06 (020 1.6) 4 02(0.11008)" 2 10051020 12 01
Lung (162) 08(03101.7) 8 11(061022) T 13 (0810 2.4) 19 120621y 18 09
Breast (174) 10 (06 t0 16) 2 15 (1.0 10 2.2) 3t 13(08101.9) 33 0.9 (0.6 t0 1.5) 2 08
Cervix (180) 2.2 (0.8 10 6.1) 9 30 (1.1 t0 8.1)° 8 16(05t48 5  07(011032) 2 03
Ovary (183) 0.1 (0.0 to 0.9)* 1 03(01t014) 2 07{031018 6 07 (0310 1.7) 6 005
Other cancers 10 (06 to 1.6) 31 09(06t014) 23 11(07to16) 39 08(06to12) 36 04
All circulatory diseases (390-458) 17 (121024 56 14(091020) 36 12(08to37) 45  10(07to1d) 82 02
Ischaemic heart disease (410-414) 15 (0810 2.8) 17 07(03t14) 8§ 10(06t16 19  10(06to16) a0
_ Other heart disease (420-429) 24(06097) 4 30(090107) 4 0702034 2 10(03130 5 03
Cerebrovascular disease (430-438) 19(11t034° 2  20(lited7) 18 14(08to26) 18  10(05to19 13 02
Other circulatory 18(061049) 9 17061049 5  18(07t4d3) 8 01021022 4
Alf digestive di (520-577) 11 (04t0 2.7) 8 11 (0410 2.9) 5 14061033 8  08(03t021) 5
Liver disease (570-573) 13(041046) 4 20(061069) 4 18(05161) 4 17(05t058) 4 05
All other diseases (1-139,210-389, 460-519, 06 (0.30 1.1) 19 06(03t011) 10 08(05t013) 19 o8 (0 510 1.3) 28
578-799) .
Violent and accidental causes (800-999) 1.3 (0.8 10 2.1) 35 13(07t026) 12 15(08t028 13  15(08t31) 12 06
Suicide {950-959) 14 (0610 3.0) 16 15061039 6 12(041037) 4 120031045 3 07

*P<0.05, *"P<0.01. tAdjusted for age, parity, social class, and smoking.
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Table 4 Relative risk of death in users of oral contraceptives compared with never users according to duration of use

Duration of oral contraceptive use {years)

b 59 =10 mg':;:l:z)nd
Retative riskt No of Relative riskt No of Relative riskf No of with duration
Cause of death (ICD-8 code) {95% Ci) deaths (95% Ci} deaths {95% CI} deaths of use
Al causes (000-999) 1009t 1.1) 359 10091012 2% 11(091013) 141 02
All cancers (140-209) 09(07t011) 167 09(07t011) 108 13(10t16 88 002
Colorectal {153-154) 0.6 (0.3 10 1.2) 11 0.8 (04101 9 03 T2 ok
" Lung (162) 1.1 (0610 18) 25 07 (04t014) 11 200 01
Breast (174) 11(0810 1.6) 58 10071015 33  14(09w02% 26 04
Cervix (180) 13 (0510 34) 9 14(05t40) 6  41(6wioe 9 003
Ovary (183) 05 (0210 12) 8 06031015 6  02(00t013) 1 05
Other cancers 08(06t011) 56 10(07t014) 43 12(081018 30 01
All girculatory di (390-458) 12 (0910 1.6) 9% 13(101t0 1.8) 66 10071016) 28 06
haemic heart disease (410-414) 1.0 (07 t0 1.6) 38 1007017 25  08(Q5w18 12 06
Other heart disease (420-429) 12 (041033) 7 2.1 (081 5.7) 77 050104 1 10
Cerebrovascular disease (430-438) 15 (0910 2.3) 35 17(10t0 29 27 13 (0.7 to 26)
Other circulatory 15(071032) 15 12 (05 t0 3.0) 7 14041042
All digestive diseases (520-577) 11(05 0 2.2) 14 09041022 7 12(04 10 33)
Liver disease (570-573) 14 (0510 38) 7 140410 47) 4 30(101095) 3
Al other diseases (1-139, 210-389, 460-519, 0.8 (0.5 to 1.1) o 08(051012) 25 05(03t01.1) 10 06
578-799) ) o ] S
Violent and accidental causes (800-999) 14(091021) 42 13(08t023) 20  14(07t028) 10 09
Suicide (950-959) 1105024 14 18(081039) 11 14(051045 4 04

*P<0.05, **P<0.01. tAdjusted for age, parity, social class, and smoking.

among such women duration of use was not associated
with a significant increase or decrease in mortality
from any particular cause or overall. Women who
stopped using oral contraceptives 10 or more years
previously had no significant increases or decreases in
relative risk of death from any cause, even if they had
used them for 10 years or more. There were, however,
only 54 deaths in this subgroup.

Discussion

Our results suggest that most of the effects of oral
contraceptives on mortality occur in current or recent

users and that few, if any, effects persist 10 years after
stopping use. These results relate predominately to use
of combined oral contraceptives containing 50 pg
oestrogen.'

Information on use of oral contraceptives was
recorded prospectively at six monthly intervals by the
subjects’ general practitioner and so is unlikely to be
biased by subsequent events. Furthermore, because
three quarters of the original cohort was “flagged” on
the NHS central registers in England and Scotland and
so followed routinely for death, the findings are likely
to be representative of the majority of the women
originally recruited. Mortality was similar in women

Table 5 Relative riskt of death in users of oral contraceptives compared with never users according to time since fast use and

duration of use

Current users or last use <10 years previously

Last use =10 years previously

Duration of use  Duration of use Duration of use Duration of use
All users <10 years =10 years All users <10 years =10 years
Cause of death {ICD-8 code) (95% Ch) (No of deaths)  (No of deaths) (95% Cl) (No of deaths)  (No of deaths)
All causes (000-999) 1.0 (0910 1.2) 1.0 (254) 1187) 10(0Sto11) 10 (331) 1.1 (54)
Alcancers (140209)  10(081012)  08(104)  13(s6)  10(08t12)  1007) 1202
Colorectal (153-154) N 05 (0.2 to 1.2) 056  05{) T06(031012)  07(14) 000
Lung (162) 09(05t017)  06(9)  16(1)  12(08t20) 11@n  268(10)
TBreast(174)  12(08t17n) 1140 1509 11081015  1.1(51) 1o
Cervix (180) 25111061  16(9) T 538  11(04t031)  12(6) 15y
Ovary (183) 0.2 {0110 07)" 02(2) o3y 07(4Awi4)  08(1)  00(0)
Other cancers 0907013  09(38) 09071013 08 (6 1304
All circulatory diseases(390-458) 15 (1.1 t0 20)"* 17(8) 1(08t014)  11(85)
Ischaemic heart disease (410-414) 10061017 12(21) To7 (5) T10E7015 0@ 1@
Other heart disease (420-429) 28 (0910 8.4) 35(  13(1)  09(03t24) 10() 00600
Cerebrovascular disease (430-438) 19(1.21t0 3.1)* 2.1 (36) 1.5 (8) 12(07t20)  12(2) 1.0 (3)
Other circulatory 1707398  18(1) 120y 120527  11(e)  _ 15@)
All digestive diseases (520-577) 1.0 (0510 2.2) 09(9) 154 11@5t22)  11(2  07()
Liver disease (570-573) 16 (06 t0 4.4) 104 364  17(06t0dn)  18(7) 190y
Al other diseases (1-139, 210-389, 460-519, 0.6 (0.4 o 1.0) 07(25  04{)  08(06t12)  08(41)  08(6)
578-799)
Violent and accidental causes (800-999) 13081020) 1340 14 15(09t028)  15@2)  18(3)
Suicide (950-950) 1.4 (0.7 to 2.9) 14(19) "33@®  1205t31) 11@ 19

*P<0.05,* *P<0.01. tAdjusted for age, parity, social class, and smoking. No significant differences in refative risk were found between women who used oral

contraceptives for <10 and =10 years.
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who remained under regular follow- up by their general
practitioner and in women who did not? That overall
mortality in our cohort was about 20% below the
national average is not unexpected since women with
severe chronic illnesses were not recruited.' *

Death certificates were obtained for all women who
died. There was good agreement between cause of
death recorded on the death certificate and that
reported by general practitioners.” We adjusted for the
potential confounding factors of age, parity, social
class, and cigarette smoking. Information on age and
parity was updated throughout the follow up, whereas
social class and smoking details were recorded at entry
only. Information on subsequent smoking habits was
obtained in 1994-5 for 11 797 members of the original
cohort; re-estimation of the risk of myocardial
infarction associated with oral contraceptive use based
on the updated data gave virtually identical results to
those based on smoking history at entry.’ Use of infor-
mation on smoking at entry is thus unlikely to have
biased our results. We did not adjust for hypertension
or other heart disease because such conditions could
be in the causal pathway for death from circulatory dis-
eases. No data on family history of these conditions or
of cancer were available, but the absence of such infor-
mation is unlikely to produce spurious associations
suggesting that mortality varies according to the timing
of oral contraceptive use.

The specific diseases showing significant excesses
or deficits in mortality in our study were generally con-
sistent with the results of other studies on the incidence
of these diseases!®® Other cohort studies have
reported no significant changes in mortality among
women who have ever used oral contraceptives, which
might at first sight be interpreted as inconsistent with
their known effects on incidence of disease." * What
our results highlight, however, is that the effects of oral
contraceptives on mortality occur mainly in current
and recent users.

The effects of oral contraceptives on circulatory
diseases are already recognised to be largely confined
to current users, especially if they also smoke."'* There
has been concern, however, that oral contraceptive use
might affect risk of cancer many years after use stops.
The collaborative reanalysis of the worldwide data on
the relation between breast cancer and oral contracep-
tive use, which included data from this study, showed
that the incidence of breast cancer was slighdy
increased while women used oral contraceptives and in
the 10 years after stopping use but that there was no
excess risk 10 or more years after stopping’ Our
results are consistent with this finding and suggest that
other cancers of the female reproductive organs may
also be affected by current and recent use of oral con-
traceptives but may wear off after use stops. The
number of deaths from each type of cancer was small,
and further data are needed to confirm our findings.
Continued follow up of this and other cohorts will
yield important information for the many millions of
women throughout the world who have used oral
contraceptives.
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study.
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‘
Key messages

o This 25 year follow up of 46 000 UK women
found a decrease in mortality from ovarian
cancer and an increase in mortality from
circulatory diseases and cervical cancer among
women were using oral contraceptives or had
used them in the past 10 years

® 10 or more years after stopping use mortality
was similar in past users and never users

¢ Oral contraceptives seem to have their main
effect on mortality mainly while they are being
used and in the 10 years after stopping use

® There is little evidence to suggest any persistent
adverse effect 10 or more years after use of oral
contraceptives ceases
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