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Human papillomavirus (HPV) is probably a necessary but
definitely not a sufficient cause of cervical carcinoma. How-
ever, it remains unclear which factors, in addition to HPV, are
important for the development of cervical carcinoma and its
precursor lesions. To address this issue, we conducted a
case-control study nested in a population-based cohort con-
sisting of women participating in cytological screening in one
Swedish county, any time during 1969 through 1995. Detailed
information on sexual practice, smoking habits and oral
contraceptive (OC) use were collected through telephone
interviews with 422 case patients diagnosed with cervical
carcinoma in situ and 422 control subjects. All cytological
smears were analyzed for presence of HPV16/18 by a polymer-
ase chain reaction (PCR)-based method. Odds ratios (OR)
were used as measures of relative risk. After multivariate
adjustment, a 2-fold higher risk was observed among current
smokers compared with never smokers [OR 1.94; 95% confi-
dence interval (Cl 1.32-2.85)], an association apparently
confined to women younger than 45 years. Current use of
OCs was associated with a 4-fold increased risk overall (OR
3.64; 95% CI 1.91-6.93) with a monotonic increase with
increasing duration of use (p for trend < 0.001). The number
of sexual partners was significantly, positively associated with
risk among HPV 16/18-negative (p for trend < 0.005) but not
among HPV 16/18-positive women. Our data confirm the
association between smoking and cervical carcinoma in situ,
which might be age-dependent. Our results further indicate a
relation with OC use and the risk for cervical carcinoma in
situ. Int. J. Cancer 81:357-365, 1999.
© 1999 Wiley-Liss, Inc.

conflicting results (Mlinz et al, 1988). Of particular concern is
that most studies have not been able to adjust for HPV status
properly (Franco, 1991; Schiffman and Schatzkin, 1994). Conse-
quently, it remains unclear which factors, in addition to HPV, are
important for the development of cervical carcinoma and its
precursor lesions.

To address these important issues, in particular the role of
smoking and OC use, we used data from a case-control study,
nested in a large population-based screening program in Sweden,
with detailed information on lifestyle factors and repeated polymer-
ase chain reaction (PCR)-based measurements of HPV status.

SUBJECTS AND METHODS
Setting

Our nested case-control study was based on a study population
comprising all women resident in Uppsala county, with a total
population of approximately 281,000 individuals, any time from
1969 through 1995. Health care in Sweden is socialized, giving
equal access to medical care for all citizens. Screening for cervical
cancer started on a limited scale in 1961, and an organized program
was introduced in Uppsala county in November 1967. At the start
of the program, all women aged 30—49 years (later 25-49 years)
were invited to attend every 3—4 years. As a complement, large
numbers of Papanicolaou (Pap) smears have been taken as
opportunistic screening outside the organized program, as de-
scribed in detail elsewhere (Gustafssdral,, 1995). All informa-
tion from the organized and opportunistic screening in Uppsala

Being the most common cancer among women in developi§§unty have been computerized in a cytology register and the
countries and the second among women worldwide, cervicgnears stored since 1969 at the Department of Pathology, Univer-

carcinoma is an important public health problem (Par&iral,

sity Hospital in Uppsala. A total of 732,287 smears from 146,889

1993). During the past 20 years, overwhelming evidence indicai&gmen were registered from 1969 through 1995.

that certain types of human papillomaviruses (HPV) play a | .

fundamental role in the etiology of cervical neoplasia (IARCYUPI€Cts

1995). HPV infection is common, especially among sexually active Using the cytology register, we defined a cohort comprising all

young women. Compared with an estimated 79% lifetime risk favomen who had at least one smear registered during 1969 to 1995,
HPV infection, cervical cancer is a rare event (Syga, 1996). provided that: 1. their first registered smear was normal (Pap;
Hence, because only a minority of HPV-infected women—and they were born in Sweden; and 3. they were younger than 50
possibly some women without HPV infection—develop cervicaiears old at entry into the cohort. The time of the first registered

carcinoma, other risk factors are required in cervical carcinogesmear defined the entry into the cohort. Eligible for the study were
esis. those women in the cohort who were alive and available for

Previous epidemiological studies, however, have yielded confli@€rsonal interview at the start of the study (January 1, 1996).
ing results regarding the role of other putative factors (Brinton, Incident cases of cervical carcinonia situ were identified
1992). Some studies showed an increased risk for cervical caiigirough computerized linkage between the study cohort and the
nomain situ related to smoking (Beckest al., 1994; Brissonet
al., 1994, Brocket al., 1989; Kjeret al., 1996; La Vecchieet al.,
1986) and oral contraceptlve_s (OCs) (Brisstml., 1994; Kja_eret . Grant sponsor: National Institutes of Health, USA; Grant number: 1 RO1
al., 1993), whereas others failed to support such association (Ligyk1197_01A3.
etal.,1995; Morrisoret al.,1991; Mufozet al.,1993; Schiffmaret

al., 1993). High parity (MUozet al.,1993; Schiffmaretal.,1993) ———
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factors. Small sample size, performance among selected groups
(such as sexually transmitted disease clinic attendees) and theuse
of insensitive methods for HPV detection may explain these Received 13 September 1998; Revised 24 November 1998
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National Cancer Registry from 1969 through 1995. This registrgpnverted our previously developed PCR system for the E1 open
established in 1958, is now considered almost 100% complegading frame of the HPV genome (Ylitaket al., 1995), to a
(Socialstyrelsen, 1995). Notification to the registry is mandatodetection system using the 5’exonuclease assay (Hokdral.,
not only for invasive cancer of the cervix, but also for precancerod991). This assay uses the 5’ to 3’exonuclease activity of Taq
lesions classified as cander situ of the uterine cervix. For each polymerase to cleave a dual-labeled, non-extendible, hybridization
case, 5 potential controls, individually matched by date of entpgrobe during the extension phase of the PCR. The probe has one
into the cohort 90 days) and by year of birth, were selectedluorescent dye attached as a reporter at the 5’ end, and in the
randomly from the study cohort. Eligible controls had no history aindigested form, the emission from this reporter dye is quenched
prior in situ or invasive cervical carcinoma and had not undergort®y a second fluorescent dye, attached to the 3’ end. Concomitant
hysterectomy before the date of diagnosis of their correspondinith accumulation of the PCR product is a release of reporter dye.
case. The PCR products were hybridized with probes for HPV 16 and 18.
. . . . . . In addition, the amplification of a human beta-actin gene fragment
Review of cytological slides and histological specimens was used as a positive control. The sensitivity of the PCR-system
The first registered smear for the cases and for one matchgg analyses of archival Pap smears is largely dependent on the
control for each case (randomly selected from the initial set of HNA quality and the potential presence of inhibitors during the
were reviewed by a skilled cytotechnician, blinded for case-contrplCR-reaction. By adding bovine serum albumin to the PCR-
status. Cases regarded as not having a normal smearP8p reaction, the inhibition caused by the Pap stain is removed, thus
were excluded. Controls without a normal first smear were replacgid|ding a sensitivity comparable to high-m.w. DNA. The character-
by another control, selected randomly from the other matchgglics of this PCR based assay for HPV typing have been described
controls. The histological specimens (either a small biopsy orjgdetail elsewhere (Josefssenal, 1999).
complete cone) from all eligible cases were reviewed by an
experienced pathologist (J.P.). Statistical analyses
Odds ratios (ORs) and 95% confidence intervals (Cls) were used

Data collection measures of relative risk. Because of the matched design, we

o s
We collected data by telephone interviews performed by %sed a conditional logistic regression to estimate ORs. Crude ORs
trained interviewers. All eligible subjects were first approached Ryere calculated without adjustment for variables other than those

a mailed letter of information. Subsequently, informed consent Wag,arent in the matching variables [age, time3(months) of first
obtained by telephone. Appointment for a later telephone intervi ear]. '

was made with those subjects who agreed to participate. 91 ltivariat | diusted f tential foundi
interviewers were blinded to the case-control status and were pot" Mu'tvarate analyses, we adjusted for potential confounding

informed about the study hypotheses. We used a comprehendi¥e/€ars in school<{7, 7-9, 10-12>12 years), marital status
structured questionnaire to collect information on demographic aggred. single, divorced, widowed), smoking (never/ex/current),
socioeconomic characteristics, sexual and reproductive behavigt: YS€ (never/ex/current), age at menarcheg, 13,>13 years),
smoking habits, contraceptive methods and history of gynecologd® at first iexua]}l |nterc|ourse (ne\t/)e][, 118.15' 16'_176 118322% 49
cal diseases, including sexually transmitted diseases. Detailfi'S): number o"_sexua partners eore |agn05|s(f_— A
information was requested on smoking, sexual practices and OG0): Parity (nulliparous, 1, 2, 3=4) and age at first child
use. The recall of OC history was aided by a mailed chart with colgiulliParous,<20, 20-24, 25-29=30 yers). Multivariate analyses

; : : re performed omitting body mass index (BMI) and genital
gg&r_efgég allbrands marketed in Sweden during the yea:%?ections from the final models because adjustment for these

factors did not influence risk estimates. Analyses of smoking
Included cases and controls variables were conducted separately among risk sets with cases

Cases with unlisted telephone numbers or without a telephodi@gnosed younger than and at or older than 45 years of age.
were excluded. Control women having unlisted telephone numbersAll conditional logistic regression analyses were performed by
or no telephone were replaced by another matched contrikelihood-ratio tests using the PHREG procedure in SAS (The
randomly selected from the other chosen controls. A total of 52HREG procedure, 1996). Test for trend in smoking and OC use
cases and 504 individually matched controls fulfilled the cytologiwere performed by assigning an ordinal score (the median) to
cal criteria for being included in the study. For the interviews, 3grouped values and then treating this score as continuous in the
cases with unlisted telephone numbers together with their matchredression models.
controls were excluded. Thus, there were 469 eligible cases and
469 individually matched eligible controls; case-control pairs in the RESULTS
following are referred to as risk sets.
HPV analyses Among the 469 cases and 469 controls approached by a letter

: . i and subsequently contacted by telephone, an equal percentage

All available smears taken from the 469 eligible risk sets fronggos) of cases and controls (422/469 cases and 422/469 controls)
the time of their entry into the cohort until the date of diagnosis Qgincidentally agreed to participate. Reasons for not participating
carcinoman situ for the cases were analyzed for presence of HP}ere as follows: 75 refused, 9 could not be reached, 8 were
using a PCR-based detection method. The smears were colle@@ased and 2 died after enrollment. Eight control women had to
from the Department of Pathology, University Hospital in Uppsalge excluded because of hysterectomy before the carcifsitu
Sweden, and sent for analyses to the Department of Medigfhgnosis of their corresponding case, leaving 422 cases and 414
Genetics, Biomedical Center in Uppsala. Before delivery, alontrols. Only risk sets for which information from both the case
smears were sorted according to risk set and coded. Thus thgng| the control had been obtained contributed to the conditional
laboratory technicians performing the analyses were blinded to Yfagjistic regression analyses. Thus, a total of 373 risk sets (373 cases
case-control status. To avoid bias caused by a drift in the technigigy 373 matched controls) were included in the matched analyses.
for analysis over time, all smears in a risk set were analyzed at t§g|ected characteristics of participating subjects are summarized in
same time. Table I.

For the DNA extraction from the archival smears we used a . )
modification of an extraction protocol, described in detail elséSmoking history
where (Chua and Hjerpe, 1995; Josefssbral, 1999). Subse- A 2-fold higher risk for cervical carcinomia situwas observed
quently, the HPV analyses were performed using a highly sensitigeong ever smokers compared with never smokers. Women who
PCR-system based on the 5’exonuclease activity of Taq polymarere current smokers had a crude OR of 2.28 (95% CI 1.62—-3.21)
ase in a TAQMAN assay (Livagt al.,1995). For this purpose, we compared with non-smokers, and ex-smokers were at intermediary
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TABLE | — CHARACTERISTICS OF 746 PARTICIPANTS IN ANESTED TABLE Il — OR AND 95% CI OF CERVICAL CARCINOMAIN SITUIN RELATION
CASE-CONTROL STUDY OF CEll'\;\gléZAllégg\RCINOMAN SITUIN SWEDEN, TO SMOKING HABITS
C = 373) Ci Isil = 373) Nun;ber Crud Adj d
. asesil = ontrols Kl = Variable o rude 95% CI juste 95% ClI
Characteristic Number (%) Number (%) c%i?l%slé OR! OR2
Age at interview (years) Smoking
<30 8 (214) 7 (188) status
30-34 23(6.17) 30 (8.04) Never 105/168 1 — 1 —
35-39 65 (17.43) 55 (14.75) Ex-smoker 67/61 167 1.08-256 147 0.92-2.34
40-44 59 (15.82) 65 (17.43) Current  201/144 228 1.62-321 194 1.32-285
=45 . . 218 (58.45) 216 (57.91) smoker
Age at diagnosis (years) p<0.00% p<0.00%
<30 88 (23.59) 83 (22.25) Age at start
30-34 106 (28.42) 111 (29.76) (years)
35-39 87(23.32) 88 (23.59) Never 105/168 1 — 1 —
40-44 45 (12.06) 44 (11.80) 12-15 108/69 260 1.72-394 213 1.33-342
=45 _ _ . 47(12.60) 47 (12.60) 16-17 62/64 158 1.02-243 138 0.85-2.22
Body mass index at diagnosis 18-19 45/34 211 126-354 195 1.11-3.42
(kg/m?) =20 53/38  1.99 1.25-318 1.70 1.03-2.80
<20 89 (23.92) 78 (20.91) p=0.48& p=0.6%
20.00-21.99 83 (22.31) 83 (22.25) Duration
22.00-23.99 60 (16.13) 58 (15.55) (years)
24.00-25.99 54 (14.52) 61 (16.35) Never 105/168 1 — 1 —
=26.00 86 (23.12) 93 (24.93) 1-9 68/53 201 128316 173 1.06-2.80
Missing 1 0 10-19 144/106 222 153-322 178 1.18-2.69
Age at menarche (years) =20 56/46  1.84 1.12-3.03 177 1.02-3.08
<13 128 (34.41) 109 (29.30) p=0.82 p=093
>13 149 (40.05) 144 (38.71) (cig/day)
Missing _ 1 1 Never 105/168 1 — 1 —
Parity (number of live and 1-4 55/47 173 1.08-2.77 143 0.86-2.38
~ still births) 59 105/78 224 1.49-337 208 1.33-324
Nulliparous 65 (17.43) 71 (19.03) 10-14 75145 273 172-434 213 1.28-357
1 67 (17.96) 67 (17.96) =15 33/35 147 083259 1.26 0.68-2.35
2 158 (42.36) 151 (40.48) p=0.736 p=0.696
3 61 (16.35) 60 (16.09) Pack-years
=4 22 (5.90) 24 (6.43) Never 105/168 1 — 1 —
Smoking status 0—<2 38/37 152 0.89-259 129 0.72-2.30
Never 105 (28.15) 168 (45.04) 2—<4 53/33 255 153-425 222 1.28-3.84
Ever _ 268 (71.85) 205 (54.96) 4<6 53/35 261 154442 211 1.20-3.73
Use of oral contraceptivés 6—<8 45/28 291 1.67-507 259 1.43-4.69
Never 48 (12.90) 84 (22.52) 8-<12 37/34 182 1.07-3.08 152 0.85-2.72
Ever 324 (87.10) 289 (77.48) =12.00  42/38 177 105-300 147 082-2.64
Missing 1 0 p=0.55¢ p=0.558
Education (years) Time since
6-9 106 (28.42) 94 (25.41) start
10-12 105 (28.15) 108 (29.19) (years)
=13 162 (43.43) 168 (45.41) Never 105/168 1 — 1 —
Marital status 1-9 26/27 153 0.76-3.08 1.25 0.58-2.67
Married 277 (74.26) 290 (77.75) 10-14 62/40 276 160-4.77 244 135442
Unmarried 42 (11.26) 41 (10.99) 15-19 87/59 262 165416 211 1.27-3.50
Divorced 41 (10.99) 34(9.12) =20 93/79 168 110-258 150 0.94-2.40
Widowed 13 (3.49) 8(2.14) p=0.6% p=0.78
1Combined estrogen-progestin compounds only. Tlmes?g;)ce
(years)
risk, with an OR of 1.67 (95% CI 1.08-2.56) (Table II). No I:%er 1§>§>//21268 2131 L0742 11 03 103365
significant trend was observed with age at start of smoking. An 19 1946 162 101261 146 086248
increased risk was found with increasing tobacco consumption 0 186/137 221 156-312 185 125273
(duration, intensity, pack-years) with a crude OR 2.22 (95% CI 0.95 e p=0 9p ' '

1.53-3.22) for 10-19 years smoke duration and an OR of 2.73 p=0.
(95% CI 1.72-4.34) for smoking 10-14 cigarettes per day, when

compared with non-smokers. The risk increased steadily from lowOR, odds ratio; CI, confidence intervaldnivariate odds ratios.—

to moderate smokers. However, heavy smokers, having smok&ltivariate odds ratios adjusted for years in scheof(7-9, 10-12,
more than 8 pack-years, had a lower risk for cervical carcinoma->12), marital status (married, single, divorced, widowed), age at first

situ than moderate smokers but remained at an almost 2-f@§§32: ;igtr?rﬁce?g@il(nffgrhg;&)l)5aglgétlz%eﬁgfr?&snfﬂ%ff

increased risk compared with non-smokers. Analyses of time S'rgj.e?rity (nulliparous, 1, 2, 3=4), and oral contraceptive use (never, ex,
start smoking and time since stop smoking revealed a highest rigltrent) 20ne pack-year is equivalent to the consumption of 20
for those who started smoking 10-19 years before diagnosis @jarettes per day for 1 yeafFest for homogeneity:Fest for trend
carcinomain situ and among current smokers. When adjustmentsly among users®Fest for linearity was rejected.

for potential confounding were made in the multivariate analyses,

the risks were slightly reduced but remained significant for current

smoking, increasing smoke duration and for smoking intensity up Analyses stratified according to age at diagnosig§ years,

to 15 cigarettes per day and up to a cumulative tobacco consunapd5 years) showed higher risk estimates for women agé8

tion of 8 pack-years (Table I1). years at diagnosis, crude OR 2.61 (95% CI 1.80-3.78) for current
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TABLE Il — OR AND 95% CI OF CERVICAL CARCINOMAN SITUIN RELATION TO SMOKING HABITS, BY AGE AT DIAGNOSIS (<45 YEARS,=45 YEARS)

Age at diagnosis<45 years Age at diagnosis45 years
Variable Number of Crude OR Adjusted OR Number of Crude OR Adjusted OR
cases/controls (95% ClI) (95% CI) cases/controls (95% ClI) (95% ClI)
Smoking status
Never 83/147 1 1 22/21 1

1
03(0.39-2.72)  0.66 (0.14-3.13)

Ex smoker 56/51 1.83(1.13-2.95) 1.66 (0.99-2.79) 11/10 1.
Current smoker 187/128 2.61(1.80-3.78) 2.23(1.48-3.37) 14/16 0.81 (0.30-2.21) 0.58 (0.10-3.29)
p < 0.00B p <0.00B p = 0.8% p=0.88
Duration (years)
Never 83/147 1 1 22/21 1 1
1-9 66/50 2.26 (1.41-3.62) 2.09 (1.26-3.47) 2/3 0.65 (0.11-4.08) 0.16 (0.01-3.88)
10-19 137/99 2.48 (1.67-3.69) 1.98 (1.28-3.06) 717 0.98 (0.30-3.25) 0.88 (0.16—-4.69)
=20 40/30 2.22 (1.23-4.02) 2.11 (1.11-4.02) 16/16 0.95 (0.37-2.47) 0.46 (0.07-3.04)
p=0.96 p = 0.98 p=0.78 p=0.76
Pack-years
Never 83/147 1 1 22/21 1 1
0.15-3.95 86/64 2.28 (1.48-3.52) 1.97 (1.24-3.13) 5/6 0.83 (0.24-2.85) 0.62 (0.11-3.34)
4.00-7.95 93/56 3.27 (2.03-5.27) 2.69 (1.62—4.47) 5/7 0.68 (0.18-2.61) 0.61 (0.07-5.36)
=8.00 64/59 1.89 (1.20-2.98) 1.64 (0.99-2.72) 15/13 1.12 (0.41-3.05) 0.65 (0.11-4.09)
p=0.29 p=0.34 p=0.5% p=0.93

OR, odds ratio; ClI, confidence intervadlJnivariate odds ratios?Multivariate odds ratios adjusted for years in scheof( 7-9, 10-12>12),
marital status (married, single), oral contraceptive use (never, ever), age at first sexual intercourse (11-1Z203+9@nber of sexual partners
(0-1, 2-3, 4-9=10), age at menarche( 3, 13,>13), and parity (nulliparous;0).-*Test for homogeneity*Fest for trend only among users.

smokers compared with non-smokers, whereas among wont@ynecological infections
aged 45 years or older, no positive association with smoking waswomen reporting ever having had a genital infection had an

found (Table III). increased risk for cervical carcinonia situ (OR 1.67; 95% ClI
1.19-2.36), compared with those reporting never having had such
Use of OCs infection (data not shown). We found no association between self

We found positive associations between OC use and the risk feported episodes of specific genital infections, except for trichomo-
cervical carcinoman situ (Table 1V). Current users of combinedniasis with crude OR 3.56 (95% CI 1.70-7.45) and cervical
estrogen-progestin OCs had an almost 4-fold increased risk comarcinoman situ risk.
pared with non-users, crude OR 3.78 (95% CI 2.09-6.85). For
ex-users, the corresponding OR was 2.22 (95% CI 1'38_3'5pﬁstological classification

There was a clear trend of increasing risk for cervical carcinioma S . . .
situ with increasing duration of use: OR was 5.85 (95% C| On reviewing the histological specimens for the 373 case women

2.48-13.76) for more than 14 years of use compared with never{icluded in the matched analyses, 32 specimens initially classified
for trend< 0.001) (Table IV). We examined the importance of tim&S_carcinoman situ were regarded as slight dysplasia and 2
since start and time since stop in relation to riskifositu cervical Patients were found to have invasive carcinoma. Further, 36
carcinoma. The highest risks were noticed among those who starf@§cimens could not be found. When omitting the 34 cases with
using OCs more than 15 years before the diagnosis (OR 4.32; 95B§Cimens not confirming a diagnosis of carcinamitu from the

Cl 2.33-8.01) and among current users (OR 3.86; 95% @Ealyses, the risk estimates changed only marginally (data not
2.13-7.01), compared with non-users. Use of low-dose progestit®Wn)-

did not increase risk, but rather slightly decreased risk (OR 0.59;

95% CI 0.37-0.96) for ex-users compared with never usetdPV typing

Exposure to this type of OC was disregarded in the subsequenthe total number of smears analyzed for HPV16/18 by PCR
multivariate analyses. After adjusting for potential confoundingrere 1,959 for the 373 case patients and 1,313 for the 373 matched
factors, the risks associated with ever use and duration of OC ugshtrol subjects. These smears had been taken during a certain time

became weaker but remained significant (Table IV). period for each case-control pair, depending on when they had their
) first registered smear and when the cases were diagnosed with
Sexual and reproductive factors carcinomain situ. When we restricted the analyses to the smear

Both early and late menarche were associated with a slightiken nearest to diagnosis (and the corresponding date among the
increased risk, yet not significantly so, for cervical carcindma control women), the risk for cervical carcinorimasitu was highly
situ(Table V). Age at first sexual intercourse, parity (number of livércreased among HPV16-positive women with OR 15.79 (95% ClI
births), or age at first child were not significantly associated wit.04—-30.95), compared with HPV16-negative women. The risk
the risk for cervical carcinomia situ. Risk increased with number conferred by HPV18 positivity was 2.33 (95% CI 1.07-5.10) (data
of sexual partners (OR 2.67; 95% CI 1.51-4.72) for those reportingt shown).
atotal of 10 or more partners before the date of diagnosis comparegnh a stratified analysis, we divided the matched pairs into 2
with those having had 0 or 1 sexual partneif@r trend< 0.005)  groups according to the HPV16/18 status of the case patient’s most
(Table V). After multivariate adjustment, the risk estimates weligcent smear. We included only risk sets in which cases had a smear
reduced, with only the association with increasing number @fken within 3 years before diagnosis, thus excluding 51 case-
sexual partners remaining equally strong and significant (Table \ibntrol pairs. Risks associated with smoking variables, measures of

) . OC use, parity and age at first sexual intercourse were largely
Body mass index and weight change similar in the analyses restricted to HPV16/18-positive and -nega-

Neither BMI at age 20, BMI at age of diagnosis, nor a weightive cases (Table VI). However, whereas the total number of sexual
change from age 20 affected risk for cervical carcinamaitu partners before the time of diagnosis was only modestly related to
(data not shown). the risk for carcinomén situin the group with HPV16/18-positive
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TABLE IV — OR AND 95% CI OF CERVICAL CARCINOMAIN SITUIN RELATION TO OC USE

Variable cz[l\lsuergl?:%rn?rfols CCr)llj?qe 95% Cl AdéuRS?ted 95% Cl
Progestin (low dose)
Never 332/310 1 — 1 —
Ex-user 30/49 0.59 0.37-0.96 0.60 0.36-1.01
Current user 7/10 0.66 0.25-1.74 0.80 0.28-2.26
Missing 4/4
p = 0.08 p=0.15
Combined estrogen-progestin
Never 48/84 1 — 1 —
Ex-user 241/239 2.22 1.38-3.56 1.98 1.17-3.33
Current user 77148 3.78 2.09-6.85 3.64 1.91-6.93
Missing 712
p <0.00F p < 0.00B
Combined estrogen-progestin
Age at start (years)
Never 48/84 1 — 1 —
11-15 51/48 2.95 1.52-5.73 2.25 1.04-4.87
16-17 86/64 3.60 1.95-6.64 2.94 1.49-5.79
18-19 56/67 2.13 1.16-3.91 1.96 1.01-3.79
20-24 89/64 3.20 1.83-5.62 2.97 1.62-5.43
=25 42/46 1.72 0.95-3.11 1.71 0.89-3.29
Missing 1/0
p=0.10 p=0.42
Duration (years)
Never 48/84 1 — 1 —
<1 41/55 1.54 0.86-2.73 1.27 0.67-2.41
1-<2 28/32 1.86 0.92-3.75 1.66 0.78-3.57
2—<5 76/68 2.55 1.45-4.48 2.29 1.22-4.28
5<10 97/86 2.52 1.46-4.35 2.37 1.30-4.33
10<15 48/37 3.20 1.67-6.13 2.93 1.44-5.98
=15 28/9 5.85 2.48-13.76 5.46 2.14-13.92
Missing 712
p < 0.00P7 p < 0.00P7
Time since start (years)
Never 48/84 1 — 1 —
1-9 72163 2.15 1.18-3.91 1.94 1.02-3.69
10-14 94/106 181 1.05-3.15 1.75 0.96-3.20
15-19 100/64 4.32 2.33-8.01 3.89 1.99-7.59
=20 58/56 2.42 1.15-5.10 2.28 0.99-5.27
Missing 1/0
p < 0.00B* p <0.0B6
Time since stop (years)
Never 48/84 1 — 1 —
=15 48/45 2.46 1.24-4.89 211 0.99-4.51
5-14 117/134 191 1.16-3.13 1.67 0.96-2.89
1-4 76/60 2.97 1.68-5.26 2.73 1.46-5.11
0 77148 3.86 2.13-7.01 3.74 1.95-7.15
Missing 712
p = 0.04"8 p = 0.02°

OR, odds ratio; CI, confidence interval, OC, oral contraceptinivariate odds ratios?Multivariate
odds ratios adjusted for years in schogl7, 7-9, 10-12>12), marital status (married, single, divorced,
widowed), age at first sexual intercourse (never, 11-15, 16-17, 18&2®, number of sexual partners
(0-1, 2-3, 4-9=10), age at menarche<(3, 13,>13), parity (nulliparous, 1, 2, 3z4), and smoking
(never, ex, current)@est for homogeneity*Fest for trend only among user&Test for trend among
all.-*Test for linearity among users was rejectédog-scale estimate= 0.08.-Log-scale estimate=
—0.03.-2Log-scale estimate —0.04.

cases, the association with number of partners among HPV16/&8sociation between smoking and cervical carcindmasitu.
negative cases was strong, and increased steadily with numbeFuofthermore, our data support a positive association between OC
partners, giving OR 8.03 (95% CI 2.26-28.55) for 10 or morase and cervical carcinonasitu.
partners/s.0-1 partner. Infection with certain HPV types has been associated with
remarkably high risk for cervical carcinoma in most studies
DISCUSSION performed during the last decade (IARC, 1995). In our study, we
found a 16-fold increased risk when having an HPV16 infection
Our case-control study has the advantage of being populatighagnosed in the period 0-3 years prior to the diagnosis of
based, having an equally high participation rate among case aadcinomain situ. The strong and consistent association between
control subjects and repeated measurements of HPV status itV and cervical neoplasia fulfills standard epidemiological
cases and controls up to several years before the time of diagnasiteria for causality (IARC, 1995). However, the discrepancy
of cervical carcinoman situ. We found a strong age-dependenbetween HPV prevalence and the incidence of cervical carcinoma
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TABLEV — OR AND 95% CI OF CERVICAL CARCINOMAN SITUIN RELATION TO SEXUAL AND REPRODUCTIVE

FACTORS
Variable cz[l\lsuerglt::%rn?rgls CO“IJ?(1je 95% CI Adéuszted 95% CI
Age at menarche (years)
<13 128/109 1.47 1.01-2.13 1.42 0.94-2.14
13 95/119 1 — 1 —
>13 149/144 1.30 0.91-1.86 1.16 0.78-1.73
Missing 1/1
p=0.12 p=0.258
Age at first sexual intercourse
(years)
Never 11 1.00 0.06-15.99 1.50 0.04-64.90
=20 38/48 1 — 1 —
18-19 86/94 1.16 0.67-2.02 0.70 0.35-1.42
16-17 148/138 1.34 0.82-2.22 0.79 0.43-1.45
11-15 99/91 142 0.81-2.51 0.86 0.46-1.61
Missing 11
p=0.15 p=0.33
Number of sexual partners
before age 20
0 39/49 0.90 0.53-1.52 0.97 0.52-1.80
1 113/124 1 — 1 —
2-3 130/123 1.22 0.86-1.75 1.09 0.73-1.64
4-9 67/62 1.22 0.78-1.91 1.10 0.65-1.85
=10 22/12 2.07 0.98-4.40 171 0.72-4.02
Missing 2/3
p = 0.0 p=0.29
Number of sexual partners
before diagnosis
0-1 36/70 1 — 1 —
2-3 100/105 1.87 1.15-3.04 1.68 0.98-2.88
4-9 170/145 2.48 1.53-4.02 2.29 1.30-4.03
=10 66/52 2.67 1.51-4.72 2.83 1.45-5.51
Missing 1/1
p < 0.00% Estimat.= 0.06 p = 0.0 Estimat.= 0.07
Age at first child (years)
Nulliparous 65/71 0.85 0.55-1.31 0.77 0.41-1.43
<20 70/57 1.17 0.75-1.83 1.07 0.64-1.78
20-24 136/128 1 — 1 —
25-29 78/84 0.86 0.57-1.28 0.88 0.55-1.43
=30 24/33 0.65 0.35-1.19 0.66 0.32-1.37
p = 0.06 p=0.25
Parity (number live and
still births)
Nulliparous 65/71 0.91 0.56-1.47 0.77 0.41-1.43
1 67/67 1 — 1 —
2 158/151 1.05 0.70-1.58 1.10 0.68-1.79
3 61/60 1.03 0.62-1.73 0.94 0.51-1.76
=4 22/24 0.92 0.45-1.87 0.81 0.36-1.85
p=0.7% p=0.87%

OR, odds ratio; Cl, confidence intervdlUnivariate odds ratios?Multivariate odds ratios adjusted
(when applicable) for years in schoet{, 7-9, 10-12>12), marital status (married, single, divorced,
widowed), smoking (never, ex, current), oral contraceptive use (never, ex, current), age at first sexual
intercourse (11-15, 16-17, 18-1920), number of sexual partners (0-1, 2-3, 4=30), age at menarche
(<183, 13,>13), age at first child (nulliparous;20, 20-24, 25-29=30), and parity (nulliparous, 1, 2, 3,
=4).-*Not adjusted for number of sexual partners before diagnd$est for homogeneity*Fest for
trend.-€Test for trend only among women with sexual debfTtest for trend only among parous women.

in most populations indicates that HPV is not a sufficient cause feexual partners was found in the HPV16/18-positive case group. In
the development of cervical neoplasia. Indeed, cofactors ththe HPV16/18-negative case group, however, a highly increased
interact with potentially oncogenic HPV types appear crucial faisk was found among women with multiple partners. This
malignant transformation of the cervical epithelium. For such othe@rcreased risk might very well diminish or disappear if we could
factors, published results, however, are far from consistent. Despaidjust for other HPV types in this group.

intensive research, it remains unclear which cofactors are importantrhe possible association between cigarette smoking and cervical
Sion decreased wihen better PCR bhsed methods for detectiot 4jcc! has been debated during the past 20 years. In his 1990
HPV were applied. Most, or perhaps all, increased risk relatedqt% ew O.f the epldgmlolog_lcal publications on smoking and cervi-
high number of sexual partners and early sexual intercourse maydt carcinoma, Winkelstein (1990) noted that almost all studies
mediated by sexually transmitted HPV infection. This could b@®und a positive association with smoking, chiefly among current
confirmed in our analyses stratified according to HPV 16/18 stat@)d heavy smokers. He concluded that there was evidence to
in which no significantly increased risk related to a high number glpport the idea of a causal association between cigarette smoking
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TABLE VI — MULTIVARIATE ANALYSES OF CERVICAL CARCINOMA IN SITUIN RELATION WITH SELECTED RISK
FACTORS, BY HPV 16/18 STATUS OF CASES

HPV 16/18 positive cases before HPV 16/18 negative cases before
X diagnosis and their matched diagnosis and their matched
Variable controls 178 cases/178 controls controls 138 cases/138 controls
Adjusted OR 95% ClI Adjusted OR 95% ClI
Smoking status
Never 1 — 1 —
Ex-smoker 2.12 1.04-4.32 1.49 0.66-3.36
Current smoker 2.34 1.28-4.27 1.82 0.93-3.58
p=0.022 p=0.19%
Smoke duration (years)
Never 1 — 1 —
1-9 2.34 1.06-5.16 1.54 0.70-3.37
10-19 2.49 1.33-4.66 1.74 0.85-3.53
=20 1.79 0.80-4.05 1.99 0.68-5.88
p=0.62 p = 0.66
Pack-years
Never 1 — 1 —
0.15-3.95 2.32 1.13-4.78 1.42 0.70-2.88
4.00-7.95 3.42 1.61-7.25 2.73 1.17-6.35
=8.00 1.60 0.79-3.22 1.56 0.69-3.53
p=0.17 p=0.95
OC use
Never 1 — 1 —
Ex-user 1.54 0.76-3.12 1.53 0.67-3.52
Current user 2.65 1.06-6.67 2.32 0.88—-6.08
p=0.12 p=0.23
OC use duration (years)
Never 1 — 1 —
<2 1.55 0.65-3.70 0.92 0.30-2.81
2—<10 2.23 1.02-4.86 2.90 1.10-7.62
=10 2.79 1.14-6.87 3.11 0.94-10.32
p = 0.035 p=0.086
Age at sexual debut (years)
=20 1 — 1 —
18-19 0.73 0.29-1.84 0.68 0.21-2.15
16-17 0.47 0.20-1.13 0.99 0.33-2.99
11-15 0.44 0.17-1.18 1.15 0.31-4.33
p = 0.05 p=0.40C
Number of sexual partners
0-1 1 — 1 —
2-3 1.90 0.75-4.84 2.45 0.96-6.25
4-9 2.49 0.97-6.39 3.48 1.29-9.39
=10 2.38 0.84-6.72 8.03 2.26-28.55
p=0.37 p < 0.00% Estimat.= 0.17
Parity
Nulliparous 0.54 0.22-1.34 1.41 0.57-3.47
1 1 — 1 —
2 1.03 0.50-2.15 1.51 0.69-3.31
3 1.18 0.49-2.15 0.75 0.28-2.00
=4 0.81 0.26-2.47 0.43 0.09-2.20
p=0.45 p=0.23

HPV, human papillomavirus; OR, odds ratio; Cl, confidence interval; OC, oral contraceptive.—
IMultivariate odds ratios adjusted (when applicable) for years in schod) {-9, 10-12>12), marital
status (married, single), smoking (never, ex, current), oral contraceptive use (never, ex, current), age at
sexual debut (11-17, 18-1820), number of sexual partners (0-1, 2—3, 4=90), age at menarche(3,
13, >13), and parity (never, everyFest for homogeneityiFest for trend.4Test for trend only among
users.2 og-scale estimate: 0.07.-8Log-scale estimate: 0.10.

and cervical carcinoma, thereby adding this malignancy to the lisarcinoma, a finding that might explain an impaired cellular
of smoking-related diseases. However, other researchers in tiisnunity (Bartonet al., 1988). More convincingly, high contents
field have been more skeptical about the postulated causal relatiohsmoke-derived nicotine and cotinine have been found in cervical
ship and raised concern about residual confounding due to inaducus of smokers (Sassenal., 1985). Our data, although based
equate HPV measurements (Phillips and Davey Smith, 1994). on small numbers, also suggest an age-dependent relation between

Smoking could increase risk for cervical neoplasia through sinoking and risk of cervical carcinoma situ that could be
number of biological mechanisms. One of the mechanisms, whiekplained by an anti-estrogenic effect of cigarette smoking, as described
is highly supported, is an immunosuppressive effect of smokingy Baronet al. (1990). This hypothesis is supported by findings of a
which increases persistence of HPV infection. Several investigdifferent risk for anogenital cancer development associated with smok-
tors have reported a lowered number of Langerhans’ cells in timg among pre- and post-menopausal women (Dadingl., 1992;
cervical epithelium of smoking women witin situ cervical Frisch and Melbye, 1995; Frise al.,1999).



364 YLITALO ET AL

Studying the relation between OC use and cervical carcinoraatimates toward null and thereby lead to an underestimation of the
risk is fraught with problems, because OC use is highly correlatédie excess risks.

with sexual and reprOdUCtiVe factors and with Screening behaViOUr.The smears have been ana|yzed 0n|y for presence of HPV16 and
We found an incre.j;\sed risk for cervical carcinoimasitu .associ- 18, which together account for approximately 65% of all HPV
ated with both prior and current use of OCs, a risk patteifections detected in cervical tumors (Bosehal., 1995). As a
unaffected by the HPV16/18 status of the cases. Further studies @gsequence, we have not been able to control for HPV infection
needed focusing on a possible interactive effect of HPV and OC uggally, which raises concern about residual confounding. In the
over time, because some data indicate that HPV'’s activity may BfRalyses stratified according to HPV 16/18 status, similar risk
enhanced by hormones (Aubcetal., 1991). estimates for smoking and OC use were obtained in both HPV-

We failed to demonstrate any association between parity apdsitive and HPV-negative women, whereas risk associated with
cervical carcinoman situ. An increased risk has been reportechumber of sexual partners clearly differed (Table VI). These results
mainly in studies from Latin America, in populations weresupport the assumption that the association with number of sexual
multiparity is common (Mloz et al, 1993). In the Swedish partners is likely mediated by HPV infection. In contrast, the
population, where few women have more than 3 children, incredaereased risk associated with smoking and OC use is not related to
ing parity does not appear to be a risk factor for cervical carcinoni#V16/18 status. When we adjusted for HPV16/18 status in
in situ. The absence of an association with sexually transmittedultivariate models, the risk estimates for smoking and OC use
diseases other than HPV needs cautious interpretation becausewsee lowered, but remained clearly significant among heavy
had access only to self-reported data on genital infections witharmokers and long-term OC users (data not shown). HPV 16 and 18
serological confirmation. are believed to be the main causative types related &itu and

Our study has potential limitations. Selection bias was minfnvasive carcinoma of the cervix (IARC, 1995). Thus, if these 2
mized because the control subjects were drawn randomly from #y@es did not account for the increased risks among smokers and
source population and because we managed to obtain a h%ﬁ users, itis unlikely that the Obser\./ed risk associations would be
participation rate among both cases and controls. To reduce the §Rlained by the other, less oncogenic HPV types.
for information and measurement bias, both the interviewers, theln conclusion, our data confirm the association between smoking
cyto technician and the laboratory technicians were blinded fand cervical carcinoma and indicate a consistent association with
case-control status. With regard to recall bias, we have no reaso™G use and the risk for cervical carcinorimasitu. Whether OCs
believe a differential recall by patients and controls. Most of thelay a genuine causal role or merely reflect an increased risk for
patients were healthy and had had their carcinemsitu many HPV acquisition among OC users remains unsettled. Our data also
years before the interview, which makes it unlikely that the diseasaggest an age-dependent risk for cervical carcinamsitu in
itself would have affected their answers. However, both patientslation to smoking, with strong associations in women younger
and controls might have had problems recalling their sexutidan 45 years. It is important to further disentangle the effect of
history, smoking habits and OC usage a long time ago. Thesnoking in different ages because a causal association or interac-
non-differential misclassification would have distorted our riskon with HPV may have important public health impact.
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