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In a case-control study of 758 invasive cervical cancer patients and 1,430
controls in Calombia, Costa Rica, Mexico, and Panama conducted during 1886~
1987, an association with number of pregnancies persisted after adjustment for
sexual and socioeconomic variables, Risks rose steadily to 5.1 (95% confidence
interval 2.7-9.7) for those with 14 or more pregnancies and a relation of risk to
multiparity was observed in all four study countries. Pregnancy associations
appeared to relate to the number of live births rather than to miscarriages ar
abortions, with multiparity relations most pronounced among premenopausal
women and cral contraceptive users. Human papillomaviruses types 15 and 18,
as measured by filter in situ hybridization, were not significantly associated with
number of births and did not explain the strong relation of parity to risk, Qur
results indicate the need tor further consideration of reproductive factors on
cervical cancer risk, with attention given to possible mechanisms of action,
including hormonal factors and cervical trauma.
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Studies have suggested that poorly man-
aged parturition may increase the risk of
cervical cancer (1); however, an indepen-
dent effect of pregnancy as a risk factor has
generally been dizmissed because of the
gesumed correlation with sexual activily,
an eslablished risk factor for this disease
(51, Among a few studies that have been
able to adequately control for the separate

Feceived Tor publication Julv 11, 1983, and in Lnal
form March 8, [985.

Environmental Epidemiology Branch, National
Cancer [natitole, Beihesda, M

“rorgas Memornol Laboratory, Panoma Oty He-
public of Panara.

CUnidodd Nacional de Cancerclogia, Cagn Costarri-
cense de Sero Social, San Jose, Costa Rica.

*Iostitule Oocalogice Nacional, Deanamo City, He-
mihlica de Panwma.

* Division de BEpidemiologin, [nstituto Nacional de
Cancorslopia, Bopota, Colombia,

“ Hospiwe] Macional de Oncologia, Instituio Mexi-

aHi

elfects of reproductive and zexual behav-
inrs, a persistent relation of multiparity has
been found (3-5). This has been particu-
larly true in populations where a large pro-
portion of the women had multiple preg-
nancies (3, 4); but even in a recent US
study, a 2.2-fold excess risk was associated
with five or more births after adjustment
for other tdentilied risk factors {3). Further
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support for an adverse effect of pregnancy
on cervical cancer risk is the high rate of
detection of cervical abnormalities among
pregnant women (6, 7, pessibly due to the
migration of ithe endocervix during preg-
naney (8], although the effect may only
represent more intensive sereening, In ad-
dition, recent investigations have demon-
gtrated that pregnant women have high
detection rates of human papillomaviruses
{9, 10}, strong eticlogic candidates for cer-
vical cancer (115,

A large four country Latin American
ppsp-control study of Invasive cervical can-
per with manv mulliparous women pro-
vided a unique opportunity to evaluate the
relation of reproductive factors to risk of
disease. Information on maternal ages,
pumbers and outcomes of each pregnancy,
as well as methods of delivery and preg-
pancy complications, enabled a variety of
specific reprocuctive hypotheses to be ex-
amined. In addition, deoxyribonucleic acid
(DNA) hvbridization assays for tvpe-
specific human papillomaviruses allowed us
to assess Lhe possibility that pregnancy may
exert an effect through enhanced suscepti-
hility to viral infection.

MATERIALS AND METHODS

This case-contral study included four
sudy sites in Latin America— Panamas;
Costa Rica; Bogota, Colombia; and Mexico
City, Mexico. Cases consisted of women
pewly diagnosed with invasive cervical can-
cer during the period January 1, 1986 to
June 30, 1987 at the participating study
hespitals. Cases were restricted to women
who had not received prior treatment for
cervical cancer, who were younger than 70
years of age, and who had been residents of
the defined study areas for at least six
months. Gynecologic oncologists detected
and staged the cases in the study hospitals,
These included: 1) the Ministry of Health
cancer referral center in Bogota, which
treats most lower and lower-middle class
cancer patients in that city; 2} three Social
gaeurity Oncology Hospitals in San Jose,
Costa Rica, the major referral centers lor
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all neoplastic disesses In that country; 3)
the Social Securitv's Oneology Hospital in
Mexico City, which provides care Tor the
majorily of salaried employees in the ares;
and 4} the Mational Oncology Institule in
Panama City, which 1z the major referral
center for oncologsy patients, (realing at
least 90 per cent of cervieal cancers diag-
nosed in Panama (12),

For each case, two age-malched {hy live-
vear age groups) female controls were ran-
domly selected. In Panama and Costa Rica,
one community and one hospital control
were selected, while in Bogota and Mexico
City hoth controls swere from hospitals,

Hospital contrals were selected in Pan-
ams and Costa Rica from mpatient services
ol the patient’s referral hospital; mn Bogota
from eight tertiary level government hos-
pitals; and in Mexico City from three social
security hospilals serving the population
from which cases derived. Hospiral controls
were randomly selected rom women ad-
mitted with nongvnecolosic conditions.
Women who had a previeus chagnoesis of
cancer (including cervical cancer), had
undergone hvsterectomy, or were admitted
with endoerine or smoking-related diseases
were ot eligible as controls.

Community contrals fram Panama and
Closta Rics were randomly selected (rom
computerized census lstings, which are up-
dated every several vears, An age-matched
contrel was selected from a random censal
segment in the same districl of residence
as each case. A short gquestionnaire was
administered to all selected subjects, and
those found to have had a hysterectomy
were replaced with other random!y selected
WOITEL,

Of the 766 patients and 1,532 controls
eligible for studs, 739 (990 per cent) and
1,467 (958 per cent] agreed to be inter-
viewed, Nonresponse was accounted far by
refusal (0 cases vs, 41 controls), death (3
cases ve. ) controls), language or hedring
problems (2 cases vs, 10 controls), mental
illness (1 case vs, 8 controls), and inability
to locate {1 case vs. B controls).

Interviews were conducted by standardly
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trained personnel in private settings, either
in the hospital or at the subject’s home.
Interviews ascertained nlormation on
soeiodempgraphic Taetors, residential pat-
terns, living conditions, pregnancy history,
hygiene and menstrual factors, sexual be-
havior, contraceptive and medical history,
amoking, diel, marital and eccupational
factors, and family history, Interviews
lasted an average of G minutes,

Material for human papillomavirus IINA
assays was collected using a cotton-lipped
swab to gently scrape the surface of the
cervical lesion of cases or the endocervix of
ponirols. Swabs were suspended in phos-
phate buffered saline and stored at —20 ©
until lested. Assays were concducted by the
filter in situ hybridization method (11, 13],
Cells from each sample were filtered onto
three separate nitrocellulose filters. DNA-
NNA hybridization was carried out at 42 O
im 50 per cent formamide {Tm =17 C) using
pB3RA22 plasmid alone, or with inserts ol
human papillomavirus types 16 and 18 or
human papillomavirus types 6 and 11 DNA.
The probes were labeled with P dCTP to
a specifie activity of greater than 1 X 1F
epmyy using a commercial nick translation
system. After hybridization, the filters were
washed four times for ane hour at 65 C{T'm
—15 ) and then exposed at =70 C for one
ta three days to x-ray film using a Kodak
intensifving screen. All autoradiographs
were examined independently by three oh-
servers, and those specimens recorded as
positive by at least two observers were con-
sidered positive. Specimens that reacted
positively in the pBR3IZZ assay (3 per cent
of cases, 5 per cent of controls) were con-
sidered as a separate category in the anal-
VEES,

T'o pstimale the risk of cervical cancer
assoclated with selected exposures, adds ra-
tins, as approximations of relative nisks
(RR), were caleulated. Unconditional logis-
tic regresaion was used e adjust for poten-
tial confounding variables (included as
categorical variables, with separate levels
foor missing datal (14}, deriving maximum
likelihood estimates of combined relative
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risks and 95 per cent confidence intervals
(01, Conditional lozistic regression (158),
also performed, Tound that the matching
achieved e in terms of controlling for
confounding and actually resulted in zome
inss of power, partially because of elimina-
tion of unmatched elements. Tesls for
trend in the logistic analyvses were obtained
by categorizing the exposure variables and
then entering the scored variables as eon-
tinuous. Multiplicative terms were entered
in the logistic regression models to test the
statistical significance of interactions.

In order te adjust simultaneously for ef-
fects of number of sexval partners and age
at first intercourse, virgins were eliminated
from the analvses, resulting in a final data
set of 79 cases and 1,430 controls, Cases
yersus conlrols from each study area con-
sisted of 214 versus 4168 {rom Bogota, 192
versas 472 from Costa Rica, 155 versus 24
from Mexico City, and 198 versus 348 from
Panama.

REsSULTS
The mean ages of the cases and controls

were both 46.5 yvears. Major nonreproduc-
tive risk factors identified were early ages

at [irs! sexual intercourse (KR = 2.0 for

< 16 vs = 20 vears), moltiple sexual part-
ners (RR = 2.0 for = B vs. 1 partner),
ahsence of prior Papanicolacu  smear
screening (RR = 2.8 for no prior Papani-
colaou smear vs. one in the 24 months
preceding diagnosis), and limited education
{RR = 28 for < 4 vs. = 10 years), These
factors were thus considered as potential
confounders in subsequent analyses, Smok-
ing and cral contraceptive use, related to
cervical cancer in some studies, were not
significant risk factors in this population.
A total of 745 cases (98.2 per cent) and
1377 controbs (963 per cent) reported ever
having been pregnant {erude RR = 2.0
itable 1). Adjustment for potential con-
founders only slightly altered this relation
{(RR = 2.0, 95 per cent CI 1.0-3.7). The
mean number of pregnancies was 6.8 among
cases compared with 5.5 ameng controls,
and risk increased linearly with number of
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pregnancies. Although subjects with mul-
tiple pregnancies were at high risk by virtue
of having earlier ages at first sexual inter-
.course, they were at low risk hecause of
more recent Papanicolaou smear screening
histories {data not shown). Thus, adjust-
ment for these two factors as well as num-
ber of sexual partners and vears of educa-
tion (which were marginally related to oo

currence  of pregnancies) only slightly
diminished the relation of number of [T

nancies Lo cervical cancer risk, Notably, a
significant linear trend of risk with number
of pregnancies persisted (p < (0.001) and
women with 14 or more pregnancies had a
relative risk of 5.1 (95 per cent CI 2.7-9.7)
compared with those with zero or nne pPris-
nancy. These risks were even higher when

the small number of women without priay
pregoancies were excluded, and pregnaney
assoclations were apparent in all four study
sites, with the strongest relation seen in
Mexico City (RR = 5.0, 95 per cent €1 1.5-
1G.8 for = 10 pregnancies) and the weakest
in Bogota (RR = 3.0, 95 per cent € 1.3
.34 In addition, in Panama and Costa Ricn
cases continued to show an excess number
of pregnancies regardless of whether the
comparison was with hospital or commu-
nity contrals,

Although age at first pregnaney appeated
initially to be inversely related Lo risk, after
adiustment for number of pregnancies and
other risk factors the
peared. Further inguiry regarding a history
ol difficulty becoming preznant (eneon-

association disap
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Ppassing o wide range of possille causes)
also revealed no relation 1o risk.

The relations of varied pregnancy out-
comes are shown in table 2. A strong linear
relation of risk with number of Live births
was ohserved, wilh the associations persist-
ing after adjustment {or other pregnancy
outcomes. Thus, women who reported 192
or more live births had an adjusted risk of
4.0 (95 per cent CI 2.3-7.00 compared with
those with zere or one live birth. In con-
irast, thers was no relation of risk to num-
ber of stillbirths, miscarriages, or induced
sbortions regardless of whether crude or
adjusted associations were considered.

Risk associated with prenatal attributes
are shown in lable 3. FEver having had a
prenatal checkup was associated with re-
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duced nisk (KR = 0.8, 95 per cent CI 0.7-
L0} Use of vilamin supplements or folk
medicines during any pregnancy did not
appear to relate to risk. A marginally sig-
nificant reduction in risk (RR = 0.8, 95 per
cent CI 0,6-1.0} was associated with com-
plications during pregnancy (which in-
cluded such varied conditions as precipi-
tous laber, threatened abortion, asthma,
nervous problems, and cramps), with the
relation persisting after adjustment for ever
having had a prenatal checkup.
Examination of a variety of delivery and
postnatal characteristies (table 4) revealed
no relation of risk to complications during
delivery, use of forceps, or complications
after delivery. However, a marginally sig-
nificant relation was associated with ever
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=" Adjusted additionally Tur number of live births, stillbirtha, and miscarriages.
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having had a cesarean section (BER = (.5,
443 per cent C 0.G-1.0). Although informa.
ticn on nuamber of cesarean sections was
not avallable, it was noted that among
wormen wilh only one full-term pregnaney
(18 cases, 56 conlrols) no cases had deliv-
ered by cesarean sectlon as compared with
23 controls (27 per cent) wha had delivered
by this methad, The reduced risks associ-
aled with cesarean section, prenatal care,
and complications during pregnancy  ail
persisted after adjustment for each other.
There was no evidence that place of usual
delivery or days of usual bed rest following
deliveries significantly affected risk,

To assess whether sexual activity might
interaet with the observed pregnancy rela-
tions, we examined the association of risk
with patlerns ol sexual intercourse during
pregnancy and resumption after delivery
{table 51, This analysis showed no indica-
tion that the continuation of intercourse
into the final trimester of pregsnancy or
resumption within the first month or two
after delivery had an unasual effect on rsk.

The relations of a variety of hormonal
factors to the parity association were also
aasessed (lable G). Parily associations ap-
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peared to vary little by age at menarche or
regularity of mensirual cycles. Howewver,
there was some indication that number of
births was a stronger nsk factor among
premencpausal than postmenopausal wom-
en (RR for = 10 births = 4.0 and 2.3,
respectively). The relation of number of
births was especially pronounced among
wornen reporting prior usage of oral contra-
ceptives, Oral contraceptive users who had
100 or more births had a nine-fold exdess
risk compared with those with zero or one
birth, while the comparable excess among
non-oral contraceptive users was only 2.9-
fold, Although the interaction between
menopausal status and number of live
births was statistically significant (p
0.006), that with oral contraceptive use and
number of births was not {p = 0.20],
Although detection of human papille-
mavirus tyvpes 16 and 18 DNA was a risk
factor in these data {adjusted RRE = 5.0, 35
per cent O 2.9-6.3), there was no evidence
that the prevalence of detection increased
with number of Lirths (table 7). Thus, a
linear relation of risk (p < 0.001) with
number of hirths persisted after adjustment
for viral DNA status, and there was ovi-
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Belative risks® of cervieal cancer assoctated with number of live births by other hormonally related jactors,
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dence of a trend of risk among both those
with and without detectable human papil-
|omavirus DINA,

Discussion

Although previously dismissed as a risk
factor for cervical cancer, a strong linear
relation of risk to number of hirths was
found in this study, with women reporting
12 or more live births being at a four-fold

course, number of sexual partners, interval sipce last

excess risk compared with women with one
or no births. Pregnancy associations
seemed to relate exelusively Lo number of
live births, with no strong evidence that
stillbirths, miscarriages, or abortions were
involved,

It is surprising that limited attention has
been given to the effects of pregnancy on
cervical cancer risk, especially given the
biologic plausibility of an association. An
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effect of mismanaged parturition on cervi-
cal cancer risk was well aceepted in the
1930s (1), but subsequent studies [ound
that the relation of parity disappeared after
adjustment for age at marriage (16-19)
leading investigators to focus on other risk
factors, especially sexual behavior, Given
that multiple investigations have now dem-
onstrated strong associations of early ages
at first sexual intercourse and multiple sex-
ual partners with cervical cancer risk, it is
noteworthy thal studies have not consid-
ered the interrelations of these variahles
with reproductive factors. Furthermore,
previous studies have not examined con-
founding effects of Papanicolaou smear
sereening history, which was a negative
confounder in the present study and eoun-
teracted the positive confounding effects
exerted by early initintion of sexual activ-
ity. Thus, consideration of multiple sources
of confounding, as done in a previous US
study (5} as well as in the present study,
suggests that multiple births may substan-
fially increasze the risk of cervical cancer.
The power to detect associations is ob-
viously enhanced in populations with
higher numbers of births, such as in Latin
America (mean number of pregnancies
among controls in this study was 5.5); thus,
the failure of recent studies to detect in-
creases in risk may be due to limilations in
the number of women with multiple preg-
nancies {(20],

In addition, previous investigations have
not examined related variables, such as pre-
natal factors, complications of delivery, or
postpartum recovery {actors. Although we
attempted to examine relalions with a
number of variables, the interpretation was
difficult because of their likely correlation
with socioeconomic factors which might
not have been measured in this study. Al-
though ever having had prenatal care was
associated with a reduction in risk, the
reasons for the relation were unclear. The
possibility of more extensive prior screen-
ing among these women cannot be ex-
cluded, although the association persisted
after adjustment for the interval sinee last
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Papanicolaou smear. Surprisingly, reported
complications during pregnancy were as-
sociated with & reduction in rigk, a relation
independent of prenatal care. These com-
plications were extremely varied, and oAy
reflect a reporting bias by social class.

A reduction in risk associated with cesar-
ean section could also represent a social
class effect. We did not collect information
on number of cesarean sections, but the
striking reduction in risk association with
this procedure among women with one de-
livery indicates that the cervical trauma of
delivery may in part explain the strong
relations with number of deliveries. The
predilection of neoplasia for the anterior
cervical lip has been atiributed to obsletric
trauma to this area (21}, and in some sup-
port of this hypothesis was the finding in
sur study that early pregnancy termina-
tiens (miscarriages and shortions) were un-
related to risk, although it is enigmatic why
stillbirths did not increase risk.

Alternatively, pregnancy could exert an
adverse effect on cervical cancer risk
through its well recognized immunosup-
pressive effect (7), which might increase
susceptibility to infectious agents. In view
of evidence Lhat pregnant women have high
detection rates of human papillomaviruses
(9, 1), we examined the relation of preg-
nancy to detection of types 16 and 18, sus-
pected eticlogic agents for invasive cervical
cancer. There was no evidence that rates of
positivity increased with number of births,
and the presence of human papillomavirus
DNA did not explain the observed relations
with parity. Our data, however, do not ex-
clude a synergistic effect between persisting
viral DNA and pregnancy, since women
were not pregnant when sampled, En-
hanced expression of human papillomavi-
rus genome appears to oceur during the last
trimester of pregnancy (10), and such
expression could [acilitate cervical neopla-
&14.

Yet another explanation for our findings
15 that pregnancy may exert an adverse
effect through an hormonal mechanism. Al-
though not generally recognized as an hor-
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monally related tumeor, hormone receptors
have been found in normal as well as can-
cerous cervical tissue (22, 23). Further sup-
porting an hormonal etiolopy are several
recent reports linking extended use of oral
contraceptives to increased cervical cancer
risk (24-26). It was thus noteworthy that
interactions of number of live hirths were
found with both menopausal status and
oral contraceptive use, with the menopause
interaction being statistically significant.

Finally, although this study failed to find
an association of risk with use of vitamins
during pregnancy, further consideration
should be given to the effect on cervieal
cancer of nutritional factors, especially fo-
lzcin deficiency that occurs during each
pregnancy (27). Megaloblastic features in
cervical epithelial cells as well as low serum
and red blood cell levels of folacin have
heen noted among oral contraceptive users,
and folate supplementation has led to a
decrease in the severity of cervical dyspla-
sia (28, 29); however, the relation of [olacin
deficiency to cervical neoplasia in the ab-
sence of oral conlraceptive use remains un-
clear.

Although this study has demonstrated a
plear association of parity with cervical
pancer risk, the reasons for the relation
remain unclaar. Trauma to the cervix dur-
ing delivery is one possible explanation, but
alternative mechanisms that warrant ex-
ploration include increased susceptibility to
infection  through Immunosuppression,
hormonal influences, and dictary deficien-
gies. The strong influences demonstrated
in this study support the need for a reex-
amination of the effects of reproductive
factors on cervical cancer risk, especially in
populations where multiple births are com-
mon and other standardly sccepted risk
factors fail to explain observed inecidence
patterns.
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