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bstract

A recent review article by Smith et al. in The Lancet purports to find a causal relationship between long-term use of oral contraceptives
OCs) and cervical cancer. While we endorse the search for such a relationship, we felt it important to critically examine Smith et al.’s
eview process and, as a result, we have questions about the validity of their conclusions. In our view, the findings of published articles as
resented by Smith et al. do not confirm a causal connection between long-term use of OCs and cervical cancer. Our goal is not to conduct
nother formal review of the evidence, but to evaluate whether Smith et al. have met the burden of proof for establishing a causal
elationship. Given the importance of OCs to women the world over, we urge reproductive health professionals to consider this issue
arefully before accepting that a causal relationship exists. © 2004 Elsevier Inc. All rights reserved.
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. Introduction

The World Health Organization (WHO) recently com-
issioned a review of the published evidence of a possible

ink between oral contraceptive (OC) use and cervical can-
er. The resulting review by Smith et al. [1] was published
n The Lancet in April 2003. Given the prevalence of cer-
ical cancer, especially in developing countries, as well as
he social and medical importance of OCs, we applaud the
ttention to this topic. Smith et al. purport to find a causal
elationship between long-term use of OCs and cervical
ancer, and we expect this conclusion to be influential due
o the origins and venue of their review. For this reason,
heir conclusion warrants careful scrutiny.

This article aims to examine Smith et al.’s review pro-
ess and, if indicated, to raise questions about the validity of
heir conclusions. Our goal is not to re-review the literature
egarding such a connection, but to question whether Smith
t al. have met the burden of proof for establishing a causal
elationship, given the articles they present. A brief letter
rinted in The Lancet in response to the Smith et al. review
2] also questioned their conclusions; we propose to exam-
ne the issue in more detail. In our view, the findings of
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ublished articles as presented by Smith et al. do not posi-
ively confirm a causal connection between long-term use of
Cs and cervical cancer.
Smith et al. reviewed 21 studies, but do not discuss

ossible behavioral or biological routes of causation. Three
ausal routes could have been investigated with the col-
ected studies:

1. Use of OCs may be behaviorally related to increased
risk of human papillomavirus (HPV) transmission.
Compared to age-matched controls, women who use
OCs may be more sexually active, more frequently
screened for cervical cancer and less apt to use barrier
methods. Increased exposure to and screening for
HPV over time would lead to higher observed cancer
rates among users. OCs themselves would be exon-
erated of any causal role in cervical cancer.

2. Use of hormonal contraception may increase the bi-
ological vulnerability of the cervix. Given the same
exposure to HPV, hormone users may be at higher
risk of transmission.

3. Use of OCs may increase the chances or speed with
which HPV infection progresses to in situ or invasive
cervical cancer.

Establishing the causal route has clinical and program-

atic significance. If behavioral factors are most important,
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C users should be counseled, along with all sexually active
omen, on protection from sexually transmitted infections.
Cs themselves would play no role in cervical cancer risk

xcept as a probable sign of sexual activity. If OCs increase
he vulnerability of the cervix, then OC users should be
argeted for additional counseling. If OCs increase the
hances of cancer given HPV infection, then women with
ersistent HPV infection should be counseled against long-
erm hormone use until the relationship is better understood.

Smith et al. appear to be interested in causal routes (2)
nd (3), yet we question their interpretation of controls on
he behavioral factors of (1). If behavioral factors are not
roperly addressed, it is impossible to evaluate (2) and (3).
n short, behavioral factors present a strong risk of con-
ounding in searching for a causal association between OCs
nd cervical cancer [3].

Smith et al. present relative risks from each study ad-
usted for whatever controls happened to be included in the
riginal articles, with no accompanying discussion of how
hose controls sequentially mediate the risk. We question
hether Smith et al.’s pooled estimates of these relative

isks are appropriate because each study was designed and
ontrolled differently. These pooled estimates are presented
entrally in a large figure and discussed in the text, yet later
he authors admit that these estimates “cannot be formally
ompared,” and even suggest that their analysis is not a
proper evaluation” (p. 1165). The emphasis on the figure
ay mislead the reader to conclude that a causal relation-

hip exists.
Here, we propose to sift through the studies presented in

mith et al. with an eye to the included controls, looking for
vidence that OCs confer an increased risk of cervical
ancer, net of behavioral controls.

. Reconsideration of the research

The designs of the 21 included studies partly determine
ow their results should be evaluated. Four of the source
tudies have prospective cohort designs, which is one of the
ost valid designs for treatments that cannot be random-

zed. In this design, control variables such as sexual partners
nd condom use can be recorded as they occur, leading to
ore valid data. All of the remaining studies have case-

ontrol designs, which are expedient but weak in their
bility to control for unobserved confounding variables,
ince cases and controls are never strictly comparable. Case-
ontrol studies are also retrospective, so their data are sub-
ect to recall bias, which increases with time. These obser-
ations lead to two overall caveats about the source papers
or this review. First, Smith et al. note that the four cohort
tudies generally found greater relative risks than the case-
ontrol studies, “and the reason for this is unclear” (p.
165). Yet, recall bias in case-control studies could easily
rejudice these results relative to cohort studies, especially

onsidering the daunting task of recalling sexual partners, w
C use, condom use and cervical screenings 10 years or
ore in the past. We regard the long-term results from

ase-control studies with skepticism. Second, the measure-
ent of the behavioral variables is critical. For instance, do

tudies measure the number of sexual partners at the time of
nterview, before HPV diagnosis, at the time of hormonal
ontraception use, or over a lifetime? These and other ap-
roaches affect the meaning of the measurement in terms of
ontrolling for exposure to HPV. Similar points can be
ade about the measurement of cervical screening and

arrier method use. These measurement problems are fur-
her compounded by recall bias.

Next, we consider the studies and their controls. Our
entral concern is whether behavioral factors are adequately
ontrolled in the source studies before attributing biological
auses. The three behavioral controls considered by Smith
t al. are number of sexual partners, use of barrier methods
nd cervical screening. Smith et al. do not report if any
tudy had other behavioral controls. Moreover, for the pur-
oses of this argument, we do not consider smoking a
ehavioral control because its relationship with cervical
ancer would presumably be biological, not through in-
reased exposure to HPV. We would not want to assume,
or example, that women who smoke have more or fewer
exual partners than those who do not. Some studies also
ontrolled for HPV status, which Smith et al. dismiss as an
ninterpretable covariate because HPV is thought to be a
ecessary precondition for cervical cancer. We agree that
his control is not useful.

Table 1, which is adapted from a table in Smith et al. (p.
160), includes brief information on each study and its
ontrols. Listed in Smith et al. by study design and year of
ublication, the studies are arranged here by successive
ontrols for barrier method use, number of sexual partners
nd cervical screening. Only statistically significant relative
isks are included.

The first three studies in Table 1 [4–6] include none of
he three behavioral controls. Even before considering their
esults, we believe these studies will present the weakest
vidence of a causal relationship between OCs and cervical
ancer, since behavioral factors are completely uncon-
rolled. None of the three studies finds a statistically signif-
cant increased risk of cervical cancer among OC users
elative to nonusers, at any duration of use. Because of the
ack of behavioral controls, they tell us little about the
elationship between OC use and cervical cancer.

We turn next to the studies that control for number of
exual partners or use of barrier methods, which we argue to
e the most proximate behavioral controls. One study by
ondervan and colleagues [7] controls for barrier method
se only. It finds a barely significant medium-term increased
elative risk and has no information on the longer-term risk.
he three subsequent studies in Table 1 control only for the
umber of sexual partners. Cuzick et al. [8] finds no signif-
cant relative risks, Ylitalo et al. [9] finds an increased risk

ith time, and Lazcano-Ponce et al. [10] finds a decreased
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isk in the short term. These conflicting results do not
nspire confidence in a strong association. A better approach
ould be to control both barrier use and sexual partners

imultaneously. One study by Ursin et al. [11] controlled for
oth and found a somewhat heightened risk with long-term
se. Yet, as a case-control study, its long-term results are
uspect. This single article, the best-controlled study yet
onsidered, gives, at best, weak support to a relationship
etween OCs and cervical cancer in the long term only. Yet,
t does not control for cervical screening.

Beral et al. [12] and WHO [13] both control for screen-
ng only. These two studies appear to give some of the
trongest evidence for an association between cervical can-
er and long-term OC use. The relative risks are statistically
ignificant and their magnitude increases with time. Beral
as the stronger prospective cohort design, and WHO has a
assive sample size (3848 cases and 13,644 controls). Here,
mith et al.�s conclusion seems bolstered, yet again we
uestion the results because neither study controls simulta-
eously for sexual partners or barrier method use. More-
ver, a large sample size can increase the chances of finding
ignificant associations through sheer statistical power, but
t cannot correct for excluded controls.

able 1
tudies included in Smith et al., 2003 [1]

tudy and year Country Design Behavior

No. of
sexual
partners

eacon et al., 2000 [4] UK Cohort
eters et al., 1986 [5] USA Case-control
ildesheim et al., 2001 [6] Costa Rica Case-control

ondervan et al., 1996 [7] UK Cohort
uzick et al., 1996 [8] UK Case-control �

litalo et al., 1999 [9] Sweden Cohort �

azcano-Ponce et al., 1995
[10]

Mexico Case-control �

rsin et al., 1994 [11] USA Case-control �

eral et al., 1988 [12] UK Cohort
HO 1993 [13] 9 countries Case-control
adeleine et al., 2001 [14] USA Case-control �

rwin et al., 1988 [15] Costa Rica Case-control �

errington et al., 2002
[16]

UK Case-control �

oreno et al., 2002 [17] 8 studies Case-control �

rinton et al., 1990 [18] 4 countries Case-control �

acey et al., 1999 [19] USA Case-control �

beling et al., 1987 [20] Germany Case-control �

aling et al., 1996 [21] USA Case-control �

arazzini et al., 1998 [22] Italy Case-control �

rinton/Jones et al., 1986
[23,24]

USA Case-control �

jaer et al., 1993 [25] Denmark Case-control �

RR � relative risk; CI � confidence interval.
The next nine papers in Table 1 control for both cervical
creening and sexual partners simultaneously. Of these,
nly the first, Madeleine et al. [14], finds the kind of rela-
ionship that Smith et al. argue for, with increasing and
tatistically significant relative risks over time. Irwin et al.
15] finds a barely significant increased risk in the medium
erm and provides no information about the longer term.
errington et al. [16] and Moreno et al. [17] show a slightly

ncreased risk in the longer term, but as they are both
ase-control studies, these results are suspect. None of the
ext five articles [18–22] find any significant increased risk
t all. Taken together, these studies do not argue for a strong
ssociation between OC use and cervical cancer. In fact, this
roup of studies suggests that the increased risks found by
eral et al. and WHO may well be an artifact of differences

n number of sexual partners among OC users and nonusers.
The remaining two studies, Brinton et al., Jones et al.

23,24] and Kjaer et al. [25] are the only ones to control
imultaneously for sexual partners, barrier method use and
ervical screening. In our view, these are the best-controlled
tudies of the whole set, and their results should be given
ore weight than the others. Kjaer et al. finds a barely

ignificant increased risk in the medium term and has no
nformation about the long term. Brinton et al. and Jones et

ols Statistically significant RRs (95% CI)

of
ier
hods

Cervical
screening

��5 years
of OC use

�5–9 years
of OC use

�10� years
of OC use

No data
No data

2.1 (1.2–3.6) No data

2.4 (1.3–4.3) 3.6 (2.0–6.7)
.7 (.5–.9) No data

4.4 (1.8–10.8)

� 2.1 (1.4–3.0) 3.1 (2.1–4.5) 4.7 (2.9–7.5)
� 1.2 (1.1–1.3) 1.7 (1.5–2.0) 2.2 (1.9–2.7)
� 3.4 (1.5–8.0) 5.5 (2.1–14.6)
� 1.6 (1.1–2.3) No data
� 2.8 (1.2–6.6)

� 1.9 (1.3–2.7)
�

� No data
�

� No data
� No data

� 2.0 (1.3–3.0) 1.6 (1.1–2.5)

� 1.7 (1.1–2.6) No data
al contr

Use
barr
met

�

�

�

�
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l. find a modest short-term risk and a smaller and scarcely
ignificant long-term risk.

At this point, Smith et al. might argue that Kjaer, Brin-
on, Jones and their colleagues have found a slight increased
isk of cervical cancer with OC use over time, net of be-
avioral factors. These relative risks would presumably be
ttributed to the causal routes (2) or (3) listed above, since
he behavioral factors of (1) have been controlled. Again,
e question the strength of this conclusion. First, the Brin-

on/Jones results show a larger risk in the medium term than
n the long term. How can this be explained? It may reflect
he instability in long-term recall in case-control studies,
alling into question the overall validity of the results over
ime. Arguing for the causal relationship that Smith et al.
avor would be difficult given the larger medium-term as-
ociation. Second, our caveats about measurement of con-
rol variables still stand. We do not know how these vari-
bles were measured in the source studies, but the size of the
et relative risks are certainly small enough to have resulted
rom measurement error or any number of other design
aws. Based on these two studies, we question any biolog-

cal association between OCs and cervical cancer, let alone
causal relationship.

. Discussion

Smith et al. conclude that “the relative risk of cervical
ancer increases with increasing duration of oral contracep-
ive use” (p. 1165) and elsewhere hint at a causal relation-
hip with phrases such as “the effects of oral contraceptives
n the risk of cervical cancer” (p. 1166). Considering the
ame evidence, we are not so convinced of a causal rela-
ionship, and we are concerned that healthcare providers
ay counsel women against long-term OC use due to a

erceived risk of cervical cancer. Although we support a
onservative approach to assessing medical risks, improp-
rly assigning a risk of cervical cancer to OCs would also be
amaging to women’s health.

Worldwide, OCs and other forms of hormonal contra-
eption confer enormous health advantages to women.
irst, efficient hormonal contraception allows women to avoid
regnancies, which carry their own significant risks, particu-
arly in the developing world. Second, thorough and consistent
esearch results have shown that OC use protects against a
ange of serious health threats, such as ovarian cancer,
ndometrial cancer, ectopic pregnancy, colorectal cancer,
heumatoid arthritis and bone loss [26]. These known health
enefits of OCs must be weighed against any possible as-
ociation with cervical cancer. Moreover, if we assume for
he moment that the results of Kjaer et al. and Brinton/Jones
t al. are correct, the probable relative risk of cervical cancer
ith long-term OC use is estimated at 2.0 at the most. Yet
ther factors, such as educational level, number of sexual
artners, age at sexual debut, immunosuppression and his-

ory of vaginal discharge have all been shown to have odds
atios variously ranging from about 4 up to 17 in relation to
ervical neoplasia [27–30]. If public health authorities are
enuinely concerned with cervical cancer rates, they would
chieve much better outcomes by targeting women with
hese risk factors for screening than by discouraging OC
se. Cervical cancer can be detected early with effective
creening tools, even in resource-poor settings where cytol-
gy-based screening is not practical. Recent research sup-
orts the usefulness of acetic acid wash in combination with
linical history screening, for example, where Pap smear
echnology is not feasible [31]. Given the health and con-
raceptive benefits of OC use, we argue that risks associated
ith cervical cancer can be best addressed by investing in

ccessible, low-cost screening tools and targeting women
ith substantial risk factors.
In closing, we suggest that Smith et al.’s review could

ave been more circumspect in its conclusions. We applaud
he effort of sifting through a large literature but question
hether the authors have met the burden of proof of estab-

ishing a causal relationship between long-term OC use and
ervical cancer beyond confounding behavioral factors.

eferences

[1] Smith JS, Green J, de Gonzalez A, et al. Cervical cancer and use of
hormonal contraceptives: a systematic review. Lancet 2003;361:
1159–67.

[2] Epstein RJ. Hormonal contraception and cervical cancer [letter].
Lancet 2003;361:1915.

[3] Grimes DA, Schulz KF. Bias and causal associations in observational
research. Lancet 2002;359:248–52.

[4] Deacon J, Evans CD, Yule R, et al. Sexual behaviour and smoking as
determinants of cervical HPV infection and of CIN3 among those
infected: a case-control study nested within the Manchester cohort.
Br J Cancer 2000;83:1565–72.

[5] Peters RK, Thomas D, Hagan D, Mack T, Henderson BE. Risk factors
for invasive cervical cancer among Latinas and non-Latinas in Los
Angeles County. J Natl Cancer Inst 1986;77:1063–77.

[6] Hildesheim A, Herroro R, Castle P, et al. HPV co-factors related to
the development of cervical cancer: results from a population-based
study in Costa Rica. Br J Cancer 2001;84:1219–26.

[7] Zondervan KT, Carpenter LM, Painter R, Vessey MP. Oral contra-
ceptives and cervical cancer: further findings from the Oxford Family
Planning Association contraceptive study. Br J Cancer 1996;73:
1291–7.

[8] Cuzick J, Sasieni P, Singer A. Risk factors for invasive cervix cancer
in young women. Eur J Cancer 1996;32A:836–41.

[9] Ylitalo N, Sorensen P, Josefsson A, et al. Smoking and oral contra-
ceptives as risk factors for cervical carcinoma in situ. Int J Cancer
1999;81:357–65.

10] Lazcano-Ponce EC, Hernandez-Avila M, Lopez-Carrillo L, et al.
[Reproductive risk factors and sexual history associated with cer-
vical cancer in Mexico]. Rev Invest Clin 1995;47:377– 85 [in
Spanish].

11] Ursin G, Peters RK, Henderson BE, d’Ablaing G, Monroe KR, Pike
MC. Oral contraceptive use and adenocarcinoma of cervix. Lancet
1994;344:1390–4.

12] Beral V, Hannaford P, Kay C. Oral contraceptive use and malignan-
cies of the genital tract: results from the Royal College of General

Practitioners� Oral Contraception Study. Lancet 1988;2:1331–5.



[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

351K. Miller et al. / Contraception 69 (2004) 347–351
13] World Health Organization. Invasive squamous-cell cervical carci-
noma and combined oral contraceptives: results from a multinational
study. WHO Collaborative Study of Neoplasia and Steriod Contra-
ceptives. Int J Cancer 1993;55:228–36.

14] Madeleine MM, Daling JR, Schwartz SM, et al. Human papilloma-
virus and long-term oral contraceptive use increase the risk of ade-
nocarcinoma in situ of the cervix. Cancer Epidemiol Biomarkers Prev
2001;10:171–7.

15] Irwin KL, Rosero-Bixby L, Oberle MW, et al. Oral contraceptives
and cervical cancer risk in Costa-Rica: detection bias or causal asso-
ciation? JAMA 1988;259:59–64.

16] Berrington A, Jha PK, Peto J, Green J, Hermon C. Oral contraceptives
and cervical cancer [comment]. Lancet 2002;360:410.

17] Moreno V, Bosch FX, Munoz N, et al. Effect of oral contraceptives
on risk of cervical cancer in women with human papillomavirus
infection in the IARC mulitcentric case-control study. Lancet 2002;
359:1085–92.

18] Brinton LA, Reeves WC, Brenes MM, et al. Oral contraceptive use
and risk of invasive cervical cancer. Int J Epidemiol 1990;19:4–
11.

19] Lacey JV, Brinton L, Abbas FM, et al. Oral contraceptives as risk
factors for cervical adenocarcinomas and squamous cell carcinomas.
Cancer Epidemiol Biomarkers Prev 1999;8:1079–85.

20] Ebeling K, Nischan P, Schindler C. Use of oral contraceptives and
risk of invasive cervical cancer in previously screened women. Int J
Cancer 1987;39:427–30.

21] Daling JR, Madeleine MM, McKnight B, et al. The relationship of
human papillomavirus-related cervical tumors to cigarette smoking,
oral contraceptive use, and prior herpes simplex virus type 2 infec-
tion. Cancer Epidemiol Biomarkers Prev 1996;5:541–8.
22] Parazzini F, Chatenoud L, La Veccia C, Chaffarino F, Ricci E, Negri
E. Time since last use of oral contraceptives and risk of invasive
cervical cancer. Eur J Cancer 1998;34:884–8.

23] Brinton LA, Huggins GR, Lehman HF, et al. Long-term use of oral
contraceptives and risk of invasive cervical cancer. Int J Cancer
1986;38:339–44.

24] Jones CJ, Brinton LA, Hamman RF, et al. Risk factors for in situ
cervical cancer: results from a case-control study. Cancer Res 1990;
50:3657–62.

25] Kjaer SK, Engholm G, Dahl C, Bock JE, Lynge E, Jensen OM.
Case-control study of risk factors for cervical squamous-cell neopla-
sia in Denmark. III. Role of oral contraceptive use. Cancer Causes
Control 1993;4:513–9.

26] Burkman R, Collins J, Shulman L, Williams K. Current perspectives
on oral contraceptive use. Am J Obstet Gynecol 2001;185(Suppl):
S4–S12.

27] Sengupta S, Chaudhuri S, Das P, Raichaudhuri B, Pramanik R.
Integrated approach to prediction of cervical intra-epithelial neoplasia
status through a case-control study. Int J Cancer 1999;84:69–73.

28] Rostad B, Schei B, da Costa F. Risk factors for cervical cancer in
Mozambican women. Int J Gynaecol Obstet 2003;80:63–5.

29] Williams MA, Kenya PR, Mati JK, Thomas DB. Risk factors for
invasive cervical cancer in Kenyan women. Int J Epidemiol 1994;23:
906–12.

30] Heard I, Tassie J, Schmitz V, Mandelbrot L, Kazatchkine M, Orth G.
Increased risk of cervical disease among human immunodeficiency
virus-infected women with severe immunosupression and high hu-
man papillomavirus load. Obstet Gynecol 2000;96:403–9.

31] Gaffikin L, Ahmed S, Chen Y, McGrath J, Blumenthal P. Risk factors
as the basis for triage in low-resource cervical cancer screening
programs. Int J Gynaecol Obstet 2003;80:41–7.


	Oral contraceptives and cervical cancer: critique of a recent review
	Introduction
	Reconsideration of the research
	Discussion
	References


