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W e have examined the effect of tubal sterilisation and 
hysterectomy on risk of ovarian cancer in a large case-control 
study in eastern Australia involving 824 women aged 18-79 
years, diagnosed with epithelial ovarian cancer between 1990 
and 1993, and 855 controls randomly selected from the 
electoral roll. Relative risks for ovarian cancer were esti­
mated using multiple categorical regression to adjust for age, 
parity, oral contraceptive use and other risk factors. Tubal 
sterilisation was associated with a 39% reduction in risk of 
ovarian cancer (RR 0.61,95% Cl 0.46-0.85) and hysterectomy 
with a 36% reduction (RR 0.64, 95% Cl 0.48-0.85). Risk 
remained low 25 years after surgery and was reduced irrespec­
tive of sterilisation technique, and estimates were similar 
among various types of epithelial ovarian cancer. The great­
est reduction (74%) was observed among women with pri­
mary peritoneal tumours. Pelvic infection and use of vaginal 
sprays or contraceptive foams were not related to ovarian 
cancer, while use of talc in the perineal region slightly but 
significantly increased risk among women with patent fallo­
pian tubes. Reportedly heavy or painful menses, perhaps 
associated with retrograde flow, were associated with ovar­
ian cancer, and reduction in risk of disease after hysterec­
tomy was greatest among women who had heavy periods. 
Our findings support the theory that contaminants from the 
vagina, such as talc, and from the uterus, such as endome­
trium, gain access to the peritoneal cavity through patent 
fallopian tubes and may enhance the malignant transforma­
tion of ovarian surface epithelium. Surgical tubal occlusion 
may reduce the risk of ovarian cancer by preventing the 
access of such agents. Int. J. Cancer 71:948-951,1997.
© 1997 Wiley-Liss, Inc.

Although the factors that cause epithelial ovarian cancer are 
unknown, there are several discretionary factors that appear to 
protect against it. Oral contraception is associated with up to 70% 
reduction in risk after 10 or more years o f use compared with 
never-use (Purdie et al., 1995), the protection presumably reflect­
ing long-term suppression o f ovulation. A 30-50% reduction in risk 
has been observed (Booth et al., 1989; Hankinson et al., 1993; 
Irwin et al., 1991; Whittemore etal., 1992), though not consistently 
(Chen et al., 1992; Risch et al., 1994; Shu et al., 1989), after tubal 
sterilisation, and this is independent o f childbearing and oral- 
contraceptive use. A similar inverse association is found between 
hysterectomy with ovarian conservation and ovarian cancer (Hankin­
son et al., 1993;Hartg eetal., 1989; Irwin et al., 1991; Risch el al., 
1994; Weiss and Harlow, 1986).

Explanations include blocking the ascent into the peritoneal 
cavity (Woodruff, 1971) o f carcinogenic agents such as talc 
(Henderson et al., 1979), asbestos (Graham and Graham, 1967), 
viruses (Wahlberg, 1994) or contraceptive foams or gels (Silver, 
1994) through surgical closure of the fallopian tubes or post- 
surgical compromise o f ovarian circulation (Cattanach, 1985) 
associated with decreased ovarian function. Alternatively, the 
negative associations between pelvic surgery and ovarian cancer 
may be secondary to sub-fertility (Mori et al., 1992) or may be the 
result o f surveillance bias since women whose ovaries have been 
screened for malignancy during surgery will have a reduced risk of 
cancer for several years compared with women not screened in this

maimer (Weiss and Harlow, 1986). Available data are largely 
inconclusive about these alternatives since the studies have in­
volved small numbers o f women reporting tubal sterilisation and 
hysterectomy and details regarding timing o f surgery often were 
lacking. In the largest case-control study o f its kind, we have 
studied in greater detail the possible effect o f tubal sterilisation or 
hysterectomy on a woman’s risk of developing epithelial ovarian 
cancer, specifically investigating most o f the associated factors that 
have been postulated to date.

SUBJECTS AND METHODS

Incident cases of primary epithelial ovarian cancer diagnosed 
between August 1990 and December 1993 and registered in 
gynaecological-oncology treatment centres in 3 Australian states, 
New South Wales, Victoria and Queensland, were ascertained. 
Tissue used to establish original diagnoses was reviewed by an 
independent pathologist in each state. Full details have been 
presented elsewhere (Purdie et al., 1995). Briefly, cases aged 18-79 
years were invited to participate in the study with their doctors’ 
consent, and a response rate o f 90% was obtained. Control women, 
frequency-matched for age and urban/mral district o f residence, 
were randomly chosen from the electoral roll (enrolment to vote is 
compulsory in Australia), and a letter explaining the study and 
inviting participation was sent to them. Women who gave a history 
of ovarian cancer or bilateral oophorectomy were excluded, and the 
response rate was 73% among eligible controls. In a face-to-face 
interview, identically trained interviewers administered a standard 
questionnaire, asking about personal details such as education, 
height and weight, smoking history, details o f menstrual cycles and 
family history o f ovarian cancer. Full histories o f pregnancies and 
lactation were obtained, and by means o f a calendar, each woman’s 
contraceptive practices between the ages of 15 and 50 years were 
elicited. Questions also were asked about history o f pelvic infec­
tion, abdominal surgery and use o f talc. If tubal sterilisation or 
hysterectomy had been performed, women were asked about date 
and place of surgery and name of surgeon. Confirmation and details
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o f operative procedures were then sought from the relevant medical 
practitioners with each woman’s written consent.

To test the theory that tubal occlusion prevents entry o f foreign 
agents to the peritoneal cavity through the fallopian tubes, we 
assessed exposures to vaginal sprays, contraceptive foams and 
douches, possible talc lubricant on the surface o f condoms (Kasper 
and Chandler, 1995) and talc used specifically in the perineal 
region. It also was postulated that if  peritoneal irritants were to play 
a role in the development o f epithelial ovarian cancers, then this 
would apply to primary peritoneal cancers in particular, with a 
consequent substantial reduction in risk to this sub-group after 
tubal occlusion. Duration of exposure was calculated from age at 
first use to earliest age at pelvic surgery, if  any, and age at last use 
(age at diagnosis or at interview if use was continuing). In addition, 
we investigated whether tubal occlusion might prevent retrograde 
menstruation, which may be damaging to the ovary. To this end, 
associations between ovarian cancer and painful or heavy periods 
were assessed on the assumption that these symptoms identified 
women who may have experienced retrograde menstruation (Smith, 
1991)to a greater degree than women without these symptoms.

Crude odds ratios (ORs) with 95% confidence intervals (CIs) 
were calculated as estimates o f the relative risk (RR) o f ovarian 
cancer. Multivariate RRs were estimated using multiple categorical 
logistic regression to simultaneously adjust for parity and duration 
of oral contraceptive use and for other possible confounders, such 
as age (in years), education, body mass index, smoking and history 
of ovarian cancer in a first-degree relative. Multivariate RRs are 
presented in this report except when stated otherwise. All analyses 
were performed using the SAS (Cary, NC) statistical package.

RESULTS
Tubal sterilisation

O f 824 women with incident ovarian cancer and 855 controls, 
there were 104 cases (13%) and 194 controls (23%) who reported 
tubal sterilisation. Among a random sample o f 64 women for whom 
surgical records could be located, there was 100% agreement with 
the women’s self-reports o f tubal sterilisation (Green et al., 1997). 
Among control subjects, women who had had a tubal sterilisation 
tended to have had more children more often than those who had 
not had tubal sterilisation (Table I). Risk of ovarian cancer was 
appreciably reduced in women after tubal sterilisation compared 
with other women (RR 0.61,95% Cl 0.46-0.85) (Table II). Among 
a random sample of 20 cases and 5 8 controls for whom information 
about method o f tubal sterilisation was available from either 
surgical records or women’s general practitioners, decreased risk of 
ovarian cancer was observed irrespective o f sterilisation technique, 
with erode RRs o f 0.15,95% CIs 0.02-1.3 after occlusion by tubal 
rings; 0.20, 0.04-0.95 after bipolar diathermy; 0.23, 0.07-0.84 
after application o f clips; and 0.48, 0.24-0.94 after tubal ligation.

TABLE I -  PREVALENCE OF POSSIBLE RISK FACTORS AMONG CONTROLS 
WITH AND WITHOUT SURGICAL OCCLUSION OF THE FALLOPIAN TUBES, 

STANDARDIZED TO THE AGE DISTRIBUTION OF ALL CONTROL SUBJECTS1

Risk factor
With
tubal

sterilisation 
(n »  194)

Without
tubal

sterilisation 
(n =  661)

With
hysterectomy 

(n =  171)

Without 
hysterectomy 

(n «  684)

Post-school educa- 41.4 49.8 47.5 48.3
tion

Ever smoked 48.1 37.1 34.3 39.0
Parity s=2 94.9 74.3 86.0 76.5
Heavy periods 34.8 31.1 51.7 26.1
Painful periods 61.0 48.5 63.2 46.1
Ever used oral con- 68.2 63.0 63.8 64.7

traceptives
Past history o f  pelvic 8.3 6.0 8.5 6.1

infection
Ever used talc in 41.1 41.1 38.9 40.3

perineal region

'Values are percentages.

Risk remained low 25 years or more after tubal sterilisation, when 
there was a 57% reduction in risk of ovarian cancer (Table II).
Hysterectomy

There were 116 cases, and 178 o f 860 initially enlisted controls 
who reported undergoing hysterectomy with conservation o f at 
least one ovary prior to the date o f index diagnosis. Subsequent 
checks o f available medical records revealed that bilateral oopho­
rectomy had been performed in 5 controls, thereafter excluded 
from all analyses; and in a validation study (Green et al., 1997), it 
was shown that 2 cases and 2 controls had not had a previous 
hysterectomy, leaving 114 cases (14%) and 171 controls (20%) for 
study. Controls with a previous hysterectomy were more likely to 
have had more children or heavy, painful periods than those 
without (Table I). Estimated risk o f ovarian cancer among women 
after hysterectomy was reduced compared with women without 
such a history (RR 0.64,95% Cl 0.48-T3.85), with maximum effect 
reached 15 or more years after surgery (Table II).
Surgical tubal occlusion

Among women who had had occlusion of the fallopian tubes 
through either or both o f these surgical procedures, there was, 
predictably, a 37% reduction in risk o f ovarian cancer compared 
with women who had had neither procedure (RR 0.63, 95% Cl 
0.49-0.79). There was little material variation in the results among 
the main histological sub-types o f ovarian cancer or between 
borderline and frankly malignant tumours. After surgical tubal 
occlusion, the risk o f developing a serous tumour, the largest 
histological sub-group, was reduced by 46% (RR 0.54, 95% Cl 
0.42-0.70), and die sub-group showing the greatest reduction in 
risk was that o f women who had primary peritoneal tumours (RR 
0.26,95% Cl 0.07-0.87).

Pelvic infection before surgery was not related to risk of 
epithelial ovarian cancer, and neither was duration o f use o f vaginal 
sprays or o f contraceptive foams related to risk. Ever-douching for 
contraceptive purposes was associated with a non-significant 60% 
increase in risk of ovarian cancer. A modest association was seen 
between ovarian cancer and use o f talc in the perineal region (RR 
1.3, 95% Cl 1.1-1.6). There was no additional effect o f longer 
duration of talc use nor was there any relation to reported age when 
talc was first used in the perineal region. No associations with 
duration of partner’s use o f condoms (which may have had talc 
lubricants) or with duration of use o f a diaphragm (which may have 
been stored in talc) were evident Compared with women who had 
neither used talc nor had surgical sterilisation, risk was highest 
among talc users without surgery (RR 1.3, 95% Cl 1.0-1.7) and 
lowest among women with a history o f tubal sterilisation or 
hysterectomy who had not applied talc to the perineum (RR 0.6, 
95% Cl 0.50-0.84).

Habitual heavy periods and painful periods were each weakly 
associated with ovarian cancer (RR 1.2, 95% Cl 0.93-1.4 and RR 
1.1, 95% Cl 0.86-1.4, respectively), and risk o f epithelial ovarian 
cancer among women with either heavy or painful periods was 
raised to a similar level (RR 1.2, 95% Cl 1.0-1.5) overall and for 
the main histological sub-groups. Women who reported heavy 
periods showed a 20% larger reduction in risk o f ovarian cancer 
after hysterectomy (RR 0.54) than women who had light or normal 
menstrual loss (RR 0.74), though the reduction in risk after tubal 
sterilisation was similar whether or not women reported heavy 
periods. Women who had experienced painful periods had a lower 
risk of ovarian cancer after tubal sterilisation or after hysterectomy 
compared with women who reported pain-free periods (Table III).

DISCUSSION

Ovarian cancer was found to be significantly reduced by 39% 
after tubal sterilisation and by 36% after hysterectomy. Women 
who had these procedures tended to have had more children than 
other women and, thus, were already at lower risk of ovarian 
cancer, but the low risk persisted after adjustment for parity and 
other factors, which is consistent with previous findings (Booth et
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TABLE II -  DISTRIBUTION OF CASES AND CONTROLS ACCORDING TO TIME BETWEEN TUBAL STERILISATION AND HYSTERECTOMY AND DATE OF DIAGNOSIS 
AMONG CASES, AND RISK OF OVARIAN CANCER ADJUSTED FOR AGE, EDUCATION, BODY MASS INDEX, PARITY, DURATION OF ORAL-CONTRACEPTIVE USE,

SMOKING AND FAMILY HISTORY OF OVARIAN CANCER

Time since 
sui^ery 
(years)

Tubal sterilisation Hysterectomy

Cases Controls Relative 
risk (95% 
confidence 
interval)

Cases Controls Relative 
risk (95% 
confidence 

interval)Number (%) Number (%) Number (%) Number (%)

No surgery 720 (87) 661 (77) 1.0 708 (86) 684 (80) 1.0
Ever surgery 104 (13) 194 (23) 0.61 (0.46-0.85) 114 (14) 171 (20) 0.64 (0.48-0.85)

0-4 9 (1) 25 (3) 0.42(0.19-0.96) 15 (2) 18 (2) 1.5 (0.73-3.3)
5-9 14 (2) 28 (3) 0.56(0.27-1.1) 18 (2) 23 (3) 0.89(0.45-1.7)

10-14 29 (4) 48 (6 ) 0.72(0.43-1.2) 22 (3) 33 (4) 0.67 (0.37-1.2)
15-19 36 (4) 47 (6) 0.98(0.60-1.6) 19 (2) 37 (4) 0.52 (0.28-0.94)
20-24 8 (1) 28 (3) 0.26(0.11-0.62) 17 (2) 29 (3) 0.54(0.28-1.1)
25+ 8 (1) 18 (2) 0.43(0.18-1.0) 25 (3) 31 (4) 0.49 (0.28-0.89)

TABLE III -  TUBAL STERILISATION, HYSTERECTOMY AND RISK OF OVARIAN 
CANCER IN RELATION TO MENSTRUAL HISTORY: RELATIVE RISKS (95% 

CONFIDENCE INTERVALS) ADJUSTED FOR OTHER RISK FACTORS ARE SHOWN

Tubal sterilisation Hysterectomy

Heavy periods
Yes 0.63(0.38-1.1) 0.54 (0.35-0.84)
No 0.60 (0.41-0.86) 0.74(0.50-1.1)

Painful periods
Yes 0.55 (0.36-0.83) 0.61 (0.42-0.89)
No 0.69(0.45-1.1) 0.69 (0.44-1.1)

al., 1989; Hankinson et al, 1993; Irwin et al., 1991; Mori et al, 
1992; Whittemore et al., 1992). It is unlikely that the protective 
effect o f hysterectomy was explained by inclusion o f controls with 
bilateral oophorectomy since most hysterectomies among controls 
were validated against medical reports (Green et al, 1997). Risk 
was low 25 years or more after surgery, discounting previous 
suggestions (Weiss and Harlow, 1986) that the reduced risk is due 
to pre-operative screening for malignancy. However, women who 
had bilateral oophorectomy as well as hysterectomy for pelvic 
endometriosis would not have been represented among controls, 
possibly lowering their risk o f endometrioid ovarian cancer (Rus­
sell, 1994).

Another explanation o f the protective effect o f tubal surgery is 
that interruption o f trophic utero-ovarian circulation results in 
fewer ovulations (Hankinson et al, 1993 ; Whittemore et al, 1992) 
or hormonal imbalance (Cattanach, 1985). The degree to which the 
utero-ovarian circulation is compromised by tubal sterilisation 
varies with the surgical technique, with diathermy of the fallopian 
tubes expected to interfere with the ovarian circulation more than 
the application o f clips or rings, for example. However, the present 
data indicate that sterilisation techniques which minimally disturb 
the ovarian circulation were associated with very low risks of 
ovarian cancer. Furthermore, neither ovulatoiy frequency (Rivera 
et a l, 1989) nor hormonal activity (Wu et a l, 1992) showed 
systematic changes after tubal sterilisation. Indeed, gonadal atro­
phy is associated with enhanced pituitary gonadotrophin produc­
tion (Oliver, 1990) and may enhance carcinogenesis. Another 
speculation (Cramer and Xu, 1995) is that the protective effect of 
tubal occlusion could be explained by a reduction in uterine growth 
factois reaching the ovaries through the compromised utero- 
ovarian circulation, but this seems unlikely when removal o f the 
uterus, the source o f the growth factors, is not as protective as tubal 
sterilisation (Cramer and Xu, 1995; Hankinson et al, 1993). 
Neither is the suggestion that tubal occlusion may block the ascent 
o f carcinogenic infectious agents (Wahlberg, 1994) supported here, 
nor in studies o f oncogenic human papilloma virus (HPV) and 
ovarian cancer, only one of which (Kaufmann et a l, 1987) has 
detected HPV-6 DNA, in 10 of 12 ovarian cancers.

Our study systematically combined information from women 
with either tubal sterilisation or hysterectomy, to investigate the

effect o f tubal closure on risk o f ovarian cancer. Potential exposure 
of the peritoneal epithelium to various agents via patent fallopian 
tubes is o f concern because ovarian surface epithelial cells are 
particularly susceptible to malignant transformation. Not only are 
these cells prone to molecular genetic errors because o f repetitive 
post-ovulation proliferation but also they behave as generative 
stem cells, unlike most epithelia, whereby a single mutation can be 
passed on to exponentially expanding progeny (Godwin et al., 
1993). Exposure to vaginal sprays or foams (Silver, 1994) was not 
associated with risk o f ovarian cancer, though use may have been 
poorly recalled by older women. Talc from condoms (Kasper and 
Chandler, 1995) or diaphragms may be another peritoneal contami­
nant, but duration of exposure was not associated with ovarian 
malignancy in these data. However, use o f talc in the perineal 
region was associated with a significant (30%) increase in risk of 
ovarian cancer. Again, recall o f use o f talc among older women 
may not have been accurate, tending to reduce estimated RRs; 
moreover, the actual quantity o f talc used was unknown. Despite 
the limitations, these results add support to the body of evidence 
implicating talc as a factor in the pathogenesis o f peritoneal 
epithelial neoplasia (Cramer et al., 1982; Chen et al., 1992; Longo 
and Young, 1979; Rosenblatt etal., 1992; Whittemore et al., 1988). 
Notably, women who had never been regularly exposed to talc in 
the perineal region and had surgical tubal closure experienced the 
lowest risk of ovarian cancer, in contrast to those women with 
patent tubes who were regularly exposed to perineal talc, in 
agreement with Whittemore et al. (1988). Women’s usage o f talc in 
the perineal region appears widespread—up to 40% among women 
in the United States (Whittemore et a l, 1988) and Australia alike 
(Puidie et al., 1995)—so that even an apparently small increase in 
RR of ovarian cancer associated with perineal talc use would pose a 
sizable health risk to the population. Talc fibres have been found in 
normal and malignant ovaries (Henderson et al., 1979). Talc is 
closely related to and (until recently) variably contaminated by 
asbestos (Longo and Young, 1979) and may have similar effects on 
pleural and peritoneal epithelia. Occupational exposures to talc 
(Kleinfeld et al., 1967), asbestos (Acheson et al., 1982) and rock 
salt (Tarchi et al., 1994) are significantly associated with ovarian 
cancer mortality.

Some pelvic contaminants do not appear to have been studied in 
this context before. Retrograde passage o f endometrium is believed 
to occur in most women with patent fallopian tubes (Halme et al., 
1984). We hypothesised that women who report habitual heavy or 
painfiil periods experience retrograde menstruation to a greater 
degree than other women and that this explains the association 
between heavy or painful periods and ovarian cancer (which is not 
explained by oral-contraceptive use). We tested this theory by 
seeking a differential effect o f tubal surgery among women 
according to severity o f retrograde menses and found that women 
who had heavy periods before hysterectomy tended to have a lower 
risk o f ovarian cancer after surgery than women who had average 
or light periods. This effect was not seen for tubal sterilisation, 
perhaps because menonhagia often occurs after tubal sterilisation.
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After tubal occlusion, women who reported painful periods also 
had a lower risk of ovarian cancer than those who had surgery but 
did not have painful periods. This general tendency may be due 
merely to chance; alternatively, the differential effect may be real, 
suggesting that retrograde passage o f endometrial fluid is involved. 
Normal endometrium produces an array o f cytokines and growth 
factors which can stimulate proto-oncogenes and DNA synthesis 
(Smith, 1991); thus, endometrium in the peritoneal cavity could 
enhance epithelial tumour development and progression.

Finally, it was hypothesised that if  peritoneal irritants do play a 
causal role in the development o f malignancy of the whole 
peritoneal surface (Woodruff, 1979) and not only that portion 
overlying the ovaries, then the risk o f peritoneal cancers in 
particular should be substantially reduced after tubal occlusion. 
This is because the causal mechanism generally proposed for 
ovarian cancer—namely, the repetitive trauma and repair o f the 
ovarian epithelium (Fathalla, 1971)—would not be implicated for

primary peritoneal tumours, leaving exposure to irritants as one of 
the few likely causes; indeed, a 76% reduction in risk of peritoneal 
turnouts was observed after tubal occlusion. In view o f this 
particular finding and the evidence presented here and elsewhere 
that pelvic contaminants such as talc are associated with ovarian 
cancer, we conclude that closure o f the fallopian tubes by surgery 
prevents chronic contact between these agents and ovarian epithe­
lium. It seems likely that peritoneal irritants act as co-carcinogens 
by increasing the accumulated number of mutational events in 
ovarian surface epithelial cells.
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