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Fertility patterns after appendicectomy: historical
cohort study
Roland Andersson, Mats Lambe, Reinhold Bergström

Abstract
Objective To examine fertility patterns in women who
had their appendix removed in childhood.
Design Historical cohort study with computerised
data and fertility data for this cohort and for an age
matched cohort of women from the Swedish general
population. The cohorts were followed to 1994.
Setting General population.
Participants 9840 women who were under 15 years
when they underwent appendicectomy between 1964
and 1983; 47 590 control women.
Main outcome measures Diagnoses at discharge.
Distributions of age at birth of first child among
women with perforated and non-perforated appendix
and women who underwent appendicectomy but were
found to have a normal appendix compared with
control women by using survival analysis methods.
Parity distributions at the latest update of the registry
were also examined.
Results Women with a history of perforated appendix
had a similar rate of first birth as the control women
(adjusted hazard ratio 0.95; 95% confidence interval
0.88 to 1.04) and had a similar distribution of parity at
the end of follow up. Women who had had a normal
appendix removed had an increased rate of first births
(1.48; 1.42 to 1.54) and on average had their first child
at an earlier age and reached a higher parity than
control women.
Conclusion A history of perforated appendix in
childhood does not seem to have long term negative
consequences on female fertility. This may have
important implications for the management of young
women with suspected appendicitis as the liberal
attitude to surgical explorations with a subsequently
high rate of removal of a normal appendix is often
justified by a perceived increased risk of infertility
after perforation. Women whose appendix was found
to be normal at appendicectomy in childhood seem
to belong to a subgroup with a higher fertility than
the general population.

Introduction
Surgical exploration for suspected appendicitis is the
most common acute abdominal operation in children
and young adults. In 20% to 30% of these explorations
the appendix is not inflamed.1 The long term morbid-
ity after appendicitis and removal of a normal

appendix has not been studied much. Apart from an
increased risk of intestinal obstruction2 it is commonly
thought that a perforated appendix may result in tubal
dysfunction because of peritoneal adhesions after
inflammation and a subsequent increased risk for
extrauterine pregnancy and female infertility. With ref-
erence to this risk surgeons have been recommended
to “operate early enough to sacrifice some degree of
diagnostic accuracy.”3 The same opinion has been
expressed by others.4–7 A liberal use of laparoscopy in
women with suspected appendicitis has also been rec-
ommended because of fear of tubal dysfunction due to
postsurgical peritoneal adhesions after conventional
open appendicectomy.8–11

There is, however, no firm evidence for these
recommendations. With inconsistent results, fertility
after appendicitis has been examined in a few follow
up studies of a small number of patients operated on
for a perforated appendix and in case-control studies
of patients who were investigated for perceived
infertility.11–14 Fertility after removal of a normal
appendix has not been analysed previously. We
compared fertility patterns in three cohorts of women
who had undergone appendicectomy with a discharge
diagnosis of perforated, non-perforated, and normal
appendix with that in a cohort of control women
matched for age.

Methods
Participants
We identified all women in the Swedish Hospital
Inpatient Registry who underwent appendicectomy
before the age of 15 years between 1964 and 1983. The
inpatient registry contains information on date and
type of each operation and the discharge diagnosis for
patients treated in somatic care wards in Swedish
hospitals.

On the basis of the discharge diagnosis the patients
were divided into three groups: non-perforated appen-
dix, perforated appendix, and normal appendix at
exploration. Patients with a diagnosis indicating
another disease that needed surgical treatment were
excluded as these operations were necessary explora-
tions. Patients with a gynaecological condition at
operation were also excluded as these diseases could
affect fertility.

The study included 9840 women who had been
operated on before they were 15 years old and who

Division of Surgery,
University Hospital,
Linköping, Sweden
Roland Andersson,
senior registrar

Department of
Medical
Epidemiology,
Karolinska Institute,
Stockholm, Sweden
Mats Lambe,
lecturer

Department of
Statistics, Uppsala
University, Uppsala,
Sweden
Reinhold
Bergström,
professor

Correspondence to:
Dr Andersson,
Department of
Surgery, Ryhov
Hospital, S-551 85
Jönköping, Sweden
roland.andersson@
ryhov.ltjkpg.se

BMJ 1999;318:963–7

963BMJ VOLUME 318 10 APRIL 1999 www.bmj.com

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

at D
ep

artm
en

t G
E

Z
-L

T
A

 E
rasm

u
sh

o
g

esch
o

o
l

 
o

n
 8 M

ay 2025
 

h
ttp

s://w
w

w
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

10 A
p

ril 1999. 
10.1136/b

m
j.318.7189.963 o

n
 

B
M

J: first p
u

b
lish

ed
 as 

https://www.bmj.com/


were aged 15 years at the start of follow up and were
nulliparous (22 patients were excluded because they
had died, emigrated, or given birth after the operation
but before the age of 15). The discharge diagnosis was
appendicitis in 6714 patients (899 (13%) with
perforated appendix and 5815 without), while 3126
patients (32%) had a normal appendix removed.

For each patient we selected five controls at
random from the women in the Swedish Fertility Reg-
istry who had the same birth date as the patients. This
nationwide registry provides fertility data for all
women who were Swedish citizens in 1960 or who
were born in Sweden since 1960. Information regard-
ing the date of all live births and the date of emigration
or death was obtained for the patients and the controls.
The latest update of the registry for the purpose of this
study was 31 December 1995.

For technical reasons the 49 200 randomly selected
controls were matched on the birth date whereas the
patients were eligible first at age 15. Between birth and
age 15 some control women had emigrated (n = 625),
died (n = 979), or given birth (n = 6). These 1610
women were excluded. Thus the final analysis included
9840 cases and 47 590 controls.

All women were followed from 15 years old until
date of first birth. Nulliparous women were censored at
date of emigration or death or at the latest update of
the registry. The childbearing pattern of the women
was also assessed from the distribution of parity at the
date of emigration or death or at the latest update of
the registry.

Statistical methods
The dependent variable considered in most analyses
was age at first birth. We analysed this variable by sur-
vival methods because of the varying length of follow
up. Simple comparisons between groups were per-
formed on the basis of survival curves computed by the
Kaplan-Meier method. These curves describe the
cumulative proportion of primiparous women at each
age, taking into account the varying length of follow
up. Tests for the equality of such curves were carried
out by the log rank test. Age specific rates of first birth
were calculated by using the life table approach.

Cox proportional hazards regression models were
used to compare the average age specific rates of first
birth in different groups of women. In the multivariate
models the hazard ratio was adjusted for any
differences in the distribution of the covariates between
the groups of women. The matching variable of birth
date was included explicitly as an explanatory variable
in these analyses. The results are given as hazard ratios
(95% confidence intervals). A ratio larger than 1
implies a larger probability of an early first birth than
in the reference group.

The standard Cox model assumes proportional
hazards at all ages for the treated groups or in the
present case the same ratios of rate of first birth at all
ages compared with the reference group. Inspection of
the curves of the age specific rates of first birth showed
that this assumption was not fulfilled. Therefore we
also obtained estimates in three different age intervals
that allowed different relative birth rates among treated
groups.

Because of the long study period we also analysed
the influence of year of operation. Separate analysis
were performed for operations that had been
performed in 1964-8, 1969-73, 1974-8, and 1979-84
with adjustment for year of birth. Age at operation was
deliberately omitted from these analysis because with
data covering short periods there will be a strong cor-
relation between year of birth and age at operation,
which makes it unsuitable to include both variables in
the same model.

The variable parity (number of children at latest
registry update) is dependent on age (birth year) and
length of follow up. Therefore formal testing of differ-
ences between groups was performed after adjustment
for birth year (standard regression analysis for
continuous variables and logistic regression for
dichotomous variables). In these regressions we also
adjusted for lost years of follow up because of emigra-
tion or death by the inclusion of the length of follow up
in the models.

Results
The distribution of the end points in the cohorts—that
is, birth of a child or censoring—and the reason for
censoring are given in table 1. The mean age at the end
of follow up was 31.6 years.

Age at first birth
Women with a history of perforated appendix in child-
hood and the control women had similar fertility, as
shown from the Kaplan-Meier plots of the cumulative
proportion of primiparous women (fig 1; log rank test
P = 0.20). Women who had had a normal appendix
removed or had a non-perforated appendix tended to
have their first child at an earlier age than control
women (fig 1; log rank test P < 0.001). The higher rate
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Fig 1 Kaplan-Meier plot of cumulative proportion of parous women
at each age for 9840 women who underwent appendicectomy before
age 15 and 47 590 age matched controls

Table 1 Distribution of end points at end of follow up in women according to findings
at appendicectomy in childhood. Values are numbers (percentages) of women

End point

Normal
appendix
(n=3126)

Appendix not
perforated
(n=5815)

Perforated
appendix
(n=899)

Controls
(n=47 590)

Birth of child 2294 (73.4) 3852 (66.2) 553 (61.5) 30 268 (63.6)

Emigrated 65 (2.1) 128 (2.2) 19 (2.1) 1 080 (2.3)

Death 15 (0.5) 26 (0.5) 3 (0.3) 218 (0.5)

Nulliparity 752 (24.1) 1809 (31.1) 324 (36.0) 16 024 (33.7)
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of the first birth in the women who had had a normal
appendix removed was present only before the age of
25 years, as shown by the age specific rates of first birth
(fig 2).

Multivariate analysis of fertility
The influence of the diagnosis at operation, the
women’s year of birth, and age at operation was
analysed with univariate and multivariate Cox propor-
tional hazards regression models (table 2). Women
with perforated appendix had a similar fertility as the
control women while women with a normal appendix
or non-perforated appendix gave birth to their first
child at a higher rate.

Differences in fertility at different ages of follow up
The ratio of the age specific rates of first birth of the
women who underwent operation and the control
women were not proportional at all ages (fig 2). We
therefore also performed separate analyses for the age
intervals 15-19, 20-24, and >25 years at follow up
(table 3). Relative to the control women, patients with a
history of perforated appendix had a (non-significant)
lower birth rate at 15-19 years and at 20-24 years but
not at age >25 years.

In the younger age groups women who had had a
normal appendix removed gave birth to their first child
at a higher rate compared with control women. From
age 25 there was no difference between cases and con-
trols. Patients with non-perforated appendix also had
an increased birth rate until the age of 25 years and no
difference thereafter. As expected, women belonging
to younger birth cohorts had a lower rate of first births
(tables 2 and 4). Age at operation had no influence on
the rate of first birth (tables 2 and 3).

Influence on fertility of year of operation
The analysis based on year of operation produced
stable results (table 4). The hazard ratios associated
with perforated appendix were close to 1 in all periods
and not significantly differently different from 1.
Results for other groups were also quite similar over
time. The slightly higher hazard ratio in the most
recent period for women who had had a normal
appendix removed may partly be due to the shorter
follow up for these patients.
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Fig 2 Age specific rates of first birth among women who underwent
appendicectomy before age 15 and among age matched controls
according to life table analysis. Figure shows average birth rate in a
given 2 year age interval

Table 2 Fertility after appendicectomy compared with age matched controls according
to Cox proportional hazards regression analysis of rate of first birth. Results compare
average rates of first birth expressed as hazard ratios. Differences in birth rates
according to diagnosis at operation were adjusted for year of birth and age at operation.
Values are hazard ratios (95% confidence intervals); P values

Factor
No of

women Univariate analysis Multivariate analysis

Diagnosis at operation:

Control 47 590 1.00 1.00

Normal appendix 3 126 1.48 (1.42 to 1.54); <0.001 1.48 (1.42 to 1.54); <0.001

Appendix not perforated 5 815 1.11 (1.07 to 1.15); <0.001 1.11 (1.07 to 1.15); <0.001

Perforated appendix 899 0.95 (0.87 to 1.03); 0.20 0.95 (0.88 to 1.04); 0.26

Year of woman’s birth:

Before 1960 11 404 1.00 1.00

1960-4 17 648 0.87 (0.85 to 0.89); <0.001 0.87 (0.84 to 0.89); <0.001

1965-9 23 421 0.82 (0.79 to 0.84); <0.001 0.82 (0.79 to 0.84); <0.001

After 1969 4 957 0.74 (0.70 to 0.78); <0.001 0.75 (0.71 to 0.79); <0.001

Age at operation (years):

<11 9 170 1.00 1.00

11 10 968 0.95 (0.92 to 0.99); <0.007 0.98 (0.94 to 1.01); 0.21

12 11 883 0.95 (0.92 to 0.98); <0.003 0.98 (0.95 to 1.01); 0.24

13 11 966 0.98 (0.95 to 1.02); 0.33 1.00 (0.97 to 1.03); 0.96

14 13 443 1.01 (0.97 to 1.04); 0.75 1.01 (0.98 to 1.05); 0.47

Table 3 Multivariate Cox proportional hazards analysis of rate of first birth in age groups 15-19, 20-24, and >25 years at follow up.
Differences in birth rate according to diagnosis at operation adjusted for year of woman’s birth and age at operation. Values are
adjusted hazard ratios (95% confidence intervals); P values

Factor 15-19 years 20-24 years >25 years

Diagnosis at operation:

Control 1.00 1.00 1.00

Normal appendix 2.57 (2.34 to 2.83); <0.001 1.63 (1.53 to 1.73); <0.001 1.03 (0.95 to 1.11); 0.51

Appendix not perforated 1.37 (1.24 to 1.50); <0.001 1.11 (1.06 to 1.17); <0.001 1.05 (0.99 to 1.11); 0.051

Perforated appendix 0.84 (0.63 to 1.12); 0.23 0.89 (0.78 to 1.01); 0.08 1.03 (0.92 to 1.16); 0.59

Year of woman’s birth:

Before 1960 1.00 1.00 1.00

1960-4 0.53 (0.49 to 0.57); <0.001 0.77 (0.74 to 0.81); <0.001 1.07 (1.03 to 1.11); <0.001

1965-9 0.39 (0.36 to 0.43); <0.001 0.83 (0.79 to 0.86); <0.001 0.97 (0.92 to 1.01); 0.13

After 1969 0.53 (0.47 to 0.60); <0.001 0.71 (0.66 to 0.76); <0.001 0.82 (0.66 to 1.01); 0.06

Age at operation (years):

<11 1.00 1.00 1.00

11 1.00 (0.90 to 1.11); 0.96 0.95 (0.90 to 0.99); <0.04 1.01 (0.95 to 1.06); 0.85

12 0.99 (0.89 to 1.10); 0.88 0.94 (0.89 to 0.99); <0.02 1.02 (0.97 to 1.07); 0.47

13 1.08 (0.98 to 1.19); 0.14 0.97 (0.92 to 1.02); 0.27 1.01 (0.96 to 1.06); 0.73

14 1.07 (0.97 to 1.18); 0.16 0.96 (0.91 to 1.01); 0.08 1.05 (1.00 to 1.10); <0.05
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Number of children at end of follow up
The mean parity at the latest update of the fertility reg-
istry was higher in women with normal appendix or
non-perforated appendix compared with the controls
(1.61 and 1.36 v 1.27; P < 0.001). Women with
perforated appendix had a similar number of children
as the control women (1.21 v 1.27; P = 0.38).

The similar fertility among women with a history of
perforated appendix and the control women is also
shown from the similar proportions of childless
women (38.5% v 36.4%; P = 0.48) and of women with
three or more births (13.6% v 14.8%; P = 0.63) (table 4).
Compared with the controls, nulliparity was less com-
mon among women with a history of non-perforated
appendix (33.8%) and removal of normal appendix
(26.6 %), while multiparity (parity 3 + ) was more com-
mon (16.5% and 23.1%, respectively).

Discussion
Contrary to current opinion our study did not show
long term adverse influences on fertility in women who
had a history of a perforated appendix in childhood.
On the basis of these results a liberal attitude to explo-
ration in young women with suspected appendicitis
and the subsequent high rate of unnecessary appendi-
cectomies cannot be justified by an assumed increased
risk of infertility after perforation.

The idea of an increased risk of infertility after per-
forated appendix dates back to 1932, when Bull wrote,
“It is generally agreed, I suppose, that acute appendici-
tis may bring about sterility in women.”15 Subsequent
studies, however, have generated inconsistent
results.11–14

The strength of the present study is the follow up
design, the large number of patients, and the end
points—the age specific and cumulative rates of first
birth—which are more sensitive to subfertility than the

rates of perceived infertility, the end point in previous
studies.

One potential drawback is the validity of the
discharge diagnosis. This was assessed in a previous
study of the Jönköping County Hospital inpatient reg-
istry, which is a part of the national registry and prob-
ably representative for the whole register.1 The
diagnosis of appendicitis was false positive in 10% and
false negative in 6%. Misclassification is related mainly
to appendicitis with non-perforated appendix, which
needs to be verified with histopathological examina-
tion. The slightly increased fertility in those women
with a diagnosis of non-perforated appendix may be
related to the higher fertility among patients who had
a normal appendix removed but were misclassified as
having appendicitis without a perforated appendix.
Misclassification bias is less likely for perforated
appendix with its more evident preoperative diagnosis.

Fertility not only depends on the biological condi-
tions for childbearing but also on sociological factors.
An early and increased fertility is seen in women with
short education and low socioeconomic status.16 This
may be responsible for the increased fertility in women
who had had a normal appendix removed. The socio-
economic risk factors have not been well studied, but
psychological abnormalities are more common among
women who undergo such operations.17–19

Removal of a normal appendix may also be a result
of misdiagnosed ovulatory pain and may thus be a
marker for well functioning ovaries. This explanation
for the observed increased fertility is, however, less
probable as the effect was seen also in the patients who
had been operated on before 10 years of age—that is,
before menarche.

We have previously shown that a liberal attitude to
exploration among patients with suspected appendici-
tis does not prevent perforations.20 In the present study
we have shown that long term fertility in women is not
adversely influenced after an operation for perforated
appendix in childhood. The present results do not
support the current recommendation of a liberal
attitude to exploration in women with suspected
appendicitis for the purpose of avoiding impaired fer-
tility in the future.

We thank Sten Martinelle, Statistics Sweden, for the preparation
of the datasets and preliminary data analysis.

Contributors: RA initiated the study, participated in the
design, carried out the statistical analyses, and participated in
writing the paper. ML participated in the design of the study,
coordinated the registry linkage, and participated in writing the

Table 4 Multivariate Cox proportional hazards analysis of rate first birth in patients operated on in four periods between 1964 and
1984. Values are adjusted* hazard ratios (95% confidence intervals); P values

Factor 1964-8 1969-73 1974-8 1979-84

Diagnosis at operation:

Control 1.00 1.00 1.00 1.00

Normal appendix 1.33 (1.18 to 1.50); <0.001 1.34 (1.22 to 1.46); <0.001 1.46 (1.36 to 1.57); <0.001 1.72 (1.59 to 1.86); <0.001

Appendix not perforated 1.13 (1.03 to 1.24); <0.008 1.07 (0.99 to 1.15); 0.083 1.08 (1.02 to 1.15); <0.006 1.17 (1.10 to 1.24); <0.001

Perforated appendix 0.95 (0.75 to 1.19); 0.650 1.04 (0.87 to 1.25); 0.656 0.95 (0.82 to 1.09); 0.447 0.89 (0.76 to 1.05); 0.165

Year of woman’s birth:

Before 1960 1.16 (1.06 to 1.28); <0.001 1.12 (1.22 to 1.46); <0.001 1.07 (0.95 to 1.21); 0.234 —

1960-4 1.00 1.00 1.00 1.00

1965-9 — 1.04 (0.92 to 1.18); 0.528 0.97 (0.93 to 1.01); 0.143 0.88 (0.79 to 0.97); <0.02

After 1969 — — 0.77 (0.57 to 1.02); 0.072 0.81 (0.73 to 0.91); <0.001

*Adjusted for year of woman’s birth.

Table 5 Parity status at end of follow up according to diagnosis at appendicectomy
compared with control women matched for age. Values are numbers (percentages) of
women

Parity
Normal appendix

(n=3126)
Appendix not perforated

(n=5815)
Perforated appendix

(n=899)
Controls

(n=47 590)

Nulliparous 832 (26.6) 1963 (33.8) 346 (38.5) 17 322 (36.4)

Parity 1 578 (18.5) 1077 (18.5) 173 (19.2) 8 797 (18.5)

Parity 2 995 (31.8) 1814 (31.2) 258 (28.7) 14 412 (30.3)

Parity 3 486 (15.6) 703 (12.1) 98 (10.9) 5 492 (11.5)

Parity 4 181 (5.8) 191 (3.3) 18 (2.0) 1 277 (2.7)

Parity 5+ 54 (1.7) 67 (1.2) 6 (0.7) 290 (0.6)
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Ethnic differences in incidence of stroke: prospective study
with stroke register
Judith A Stewart, R Dundas, R S Howard, A G Rudd, C D A Wolfe

Abstract
Objective To identify ethnic differences in the
incidence of first ever stroke.
Design A prospective community stroke register
(1995-6) with multiple notification sources.
Pathological classification of stroke in all cases was
based on brain imaging or necropsy data. Rates were
standardised to European and world populations and
adjusted for age, sex, and social class in multivariate
analysis.
Setting A multi-ethnic population of 234 533 in south
London, of whom 21% are black.
Results 612 strokes were registered. The crude
annual incidence rate was 1.3 strokes per 1000
population per year (95% confidence interval 1.20 to
1.41) and 1.25 per 1000 population per year (1.15 to
1.35) age adjusted to the standard European
population. Incidence rates adjusted for age and sex
were significantly higher in black compared with
white people (P < 0.0001), with an incidence rate ratio
of 2.21 (1.77 to 2.76). In multivariable analysis
increasing age (P < 0.0001), male sex (P < 0.003), black
ethnic group (P < 0.0001), and lower social class
(P < 0.0001) in people aged 35-64 were independently
associated with an increased incidence of stroke.
Conclusions Incidence rates of stroke are higher in
the black population; this is not explained by
confounders such as social class, age, and sex. Ethnic
differences in genetic, physiological, and behavioural

risk factors for stroke require further elucidation to
aid development of effective strategies for stroke
prevention in multi-ethnic communities.

Introduction
Incidence rates of first stroke in different white popula-
tions worldwide have been determined.1–3 A study in
the United States showed a twofold increase in the
incidence in one black population,4 but no data are
available on black populations in Europe. Mortality
from stroke, however, is higher among black people
than white people in the United Kingdom and the
United States.5 6 In Britain, Caribbean immigrants have
the highest mortality from stroke, with some evidence
that this is due to increased incidence rather than case
fatality.7 8 Previous studies in black populations are dif-
ficult to interpret because of methodological inconsist-
encies.7 9

In the United Kingdom there are targets to reduce
mortality from stroke.10 These are difficult to attain
without accurate incidence data. In 1989-90 a commu-
nity stroke register in south London identified that
ethnicity was associated with incidence of stroke in
residents aged under 75 years.11 The south London
stroke register was established to investigate ethnic dif-
ferences in the natural history of stroke. We present
incidence data for the first 2 years (1 January 1995 to
31 December 1996).

Key messages

+ A history of perforated appendix in childhood
does not seem to have an adverse effect on
female fertility

+ The current recommendations of a liberal
attitude to exploration in women with
suspected appendicitis cannot be justified on
the grounds of pervention of infertility
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