
[CANCER RESEARCH 51, 4785-4789, September 15, 1991]

A Case-Control Study of Serum Folate Levels and Invasive Cervical Cancer1

Nancy Potischman,2 Louise A. Brinton, Virginia A. Laiming, William C. Reeves, Maria M. Brenes, Rolando Herrero,

Francisco Tenorio, Rosa C. de Britton, and Eduardo Gaitan
Environmental Epidemiology Branch, National Cancer Institute, Bethesda, Maryland 20892 fN. P., L. A. BJ; Microbiological Associates, Inc., Rockville, Maryland
20850 [V. A. LJ; Centers for Disease Control, Atlanta, Georgia 30333 [W. C. R.J; Cargos Memorial Laboratory, Panama City, Republic of Panama [M. M. BJ; Unidad
Nacional de Cancerologia, Caja Costarricense de Seguro Social, San JosÃ©,Costa Rica fR. HJ; Hospital de OncologÃaNacional, Instituto Mexicano de Seguridad Social,
MÃ©xicoCity, MÃ©xico[F. TJ; Instituto OncolÃ³gicoNacional, PanamÃ¡,Republic Panama [R. C. d. B.]; and Division de Epidemiologia, Instituto Nacional de Cancerologia,
Bogota, Columbia [E. G.]

ABSTRACT

Although small intervention trials have suggested that folate supple
mentation reduces cervical dysplasia, the association of blood folate
concentrations with invasive cervical cancer risk has not been investigated
in well-controlled epidemiolÃ³gica!studies. A study was conducted with
newly diagnosed Stage I and II invasive cervical cancer cases and controls
in 4 Latin American countries. Ninety-five% of subjects donated blood
samples, resulting in 330 case and 565 control serum samples analyzed
for folate concentrations by radioassay. Cases did not differ significantly
from controls in mean levels of folate (5.00 and 4.90 ng/ml, respectively).
No associations were observed between quartiles of serum folate and risk
of cervical cancer after adjustment for other risk factors, and no interac
tions with established risk factors were observed. Folate levels were also
unrelated to risk among women who might have compromised folate
status because of recent or extended oral contraceptive usage or multiple
pregnancies. Further, mean levels of folate were similar by stage of
disease, arguing against an effect of disease progression on serum values.
These results do not support a role for serum folate in the etiology of
invasive cervical cancer.

INTRODUCTION

Although many sexual and socioeconomic related risk factors
have been identified for cervical cancer (1), the relationship of
nutritional status to these factors has received little attention.
Disease rates have been found to be high in many socially
disadvantaged countries and recently interest has arisen regard
ing an etiological role for folate, since many of the identified
cervical cancer risk factors are associated with depletions of
this micronutrient.

One such risk factor is multiple pregnancies (2, 3), since
higher than normal intakes of folates are required during preg
nancy to maintain the maternal folate stores and to nourish the
rapidly growing tissue (4). Likewise, the demand of lactation
also increases requirement for folate and can compromise folate
stores. Therefore, multiple pregnancies and subsequent lacta
tion challenge folate stores and can result in lowered folate
status.

Another emerging factor of interest with respect to its effect
on cervical cancer is extended usage of oral contraceptives (5).
In general, both serum and tissue folate status have been shown
to be compromised among oral contraceptive users (6-8), but
particularly among women of marginal nutritional status at the
onset of pill usage (9, 10). Case studies among oral contracep
tives users have indicated that cervical megaloblastic changes
(11) and cervical dysplasia (12) improve with folate supplemen-
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tation. These results suggest that oral contraceptives have an
effect on cervical tissue through or coincident with inadequate
folate status, and that folate levels may be important in the
development of cervical neoplasia. Although few studies (13,
14) have evaluated the relationship between cervical cancer and
oral contraceptive use together with folate status, several studies
have investigated the relation of dietary or plasma folate and
cervical disease status. One case series showed lower values of
plasma folate in 78 women with invasive disease compared with
control values (15). In general, epidemiolÃ³gica! studies using
dietary questionnaires have shown similar intakes of folate or
folate-rich foods among controls and women with invasive
cervical cancer3 (13, 16) or in situ disease (14, 17). One study

of cervical dysplasia, however, reported lower dietary intakes
of folate among cases compared with controls (18). When risk
of invasive (13) or in situ (14) disease was evaluated among oral
contraceptive users, no associations were observed in relation
to estimated folate intake.

The inherent problems with assessment of folate content of
food items (19) and the variable bioavailability of folate (20,
21) suggest that categorization of folate status with dietary
methods may be limited. In addition, the prospect of altered
folate absorption or metabolism due to oral contraceptive usage
(6, 8, 22) suggest that other folate status indicators might be
useful. We studied the association between serum folate status
and risk of invasive cervical cancer in a Latin American popu
lation where multiple pregnancies were common and had pre
viously been shown to have profound effects on risk (2). In
addition, effects of folate status were evaluated among oral
contraceptive users, who also showed some elevated disease
risk (23).

MATERIALS AND METHODS

Details of the methodology used in this investigation have been
reported elsewhere (2, 23). In summary, newly diagnosed cases of
invasive cervical cancer were ascertained from the major cancer treat
ment centers in four Latin American study sites: Bogota, Columbia;
Mexico City, Mexico; Costa Rica; and Panama. Eligible cases were
younger than 70 years of age, had lived in the study areas for at least 6
months, and were enrolled before treatment. In 2 study sites (Bogota
and Mexico City), 2 age-matched (5-year groups) hospital controls were
selected for each case, whereas in the other 2 sites one hospital and one
age-matched community control were chosen. Hospital controls were
randomly selected from admission lists of hospitals serving the regions
where cases resided, excluding patients with psychiatric disorders or
diseases known to be related to the exposures of interest. Community
controls were randomly selected from current census listings of the
matched case's county of residence. Controls who refused to participate

were not replaced, but those with a history of cancer or hysterectomy
were.

Between January 1986 and June 1987, subjects were interviewed

3R. Herrero, N. Potischman, L. A. Brinton, W. C. Reeves, M. M. Brenes et
al. A case-control study of nutrient status and invasive cervical cancer: I. Dietary
indicators. Am. J. Epidemici., in press.

4785

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/18/4785/2445232/cr0510184785.pdf by guest on 19 M

ay 2023
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regarding medical, reproductive, demographic, and dietary histories.
Ninety-five% of eligible subjects agreed to participate in the study and
donate a blood sample. The blood was collected from most cases and
controls at admission and before treatment, and from community
controls in a clinic or at home. All blood samples were processed and
frozen in the laboratory the day of collection and were shipped to the
United States every month. They were maintained in storage at â€”85Â°C

except for one thaw for approximately l h at room temperature and up
to 6 h under refrigeration.

We limited the analysis to early stage cancers to minimize disease
effects on the serological marker of interest. Although there were 1057
blood samples available from early-stage cancer patients and their
controls, only 895 (85%) were analyzed for folate. Seventy samples
were not available at the time of the folate analyses, 75 samples were
left at room temperature at one of the laboratories so that the folate
assay was invalid, and 17 samples had insufficient volumes. The ma
jority of the missing samples were case-control sets and, therefore, the
exclusions should not affect the conclusions.

Serum folate was measured using the SimulTrac-S Radioassay Kit
(Becton Dickinson and Co., Lincoln Park, NJ). The serum samples
from each case-control set were analyzed together and laboratory per
sonnel were blinded as to case status of these samples. Although there
was ample volume for 91% of the samples, the remaining 9% were
analyzed using marginal quantities of sera for the assay. Results from
statistical analyses excluding these samples were similar to those pre
sented. Several quality control measures were used to assure consistent
quality over the course of the analyses, in addition to the laboratory's
internal quality control samples. Masked QS4 serum samples, at low

and normal levels of folate, were inserted into daily batches so that
10% of the total were QS samples. These values were monitored during
the conduct of the assays by inspection of plots on Levey-Jennings (24)
charts and evaluation using the Westgard Multi-rule procedure (25).
Three runs were found to be profoundly low; it was determined that
these samples had deteriorated from exposure to room temperature for
an extended period, and the associated data were discarded (n = 75).
Plots of the daily means for the study subjects indicated that most runs
were within 1 ng/ml of the overall mean. However, one run was 2 ng/
ml lower than the others and the QS values were also low. Results from
statistical analyses with or without this "low" batch were similar, so

these data were included in the overall analyses. The coefficient of
variation for this assay as determined from 46 repetitions of the QS
samples was approximately 13% with, and 7% without the "low" run.

Statistical analyses included Student's t test for comparison of means,

and least-squared regression to obtain mean values of folate adjusted
for other factors. As approximations of RR, odds ratios were calculated
to estimate the risk of invasive cervical cancer. Unconditional logistic
regression was used to adjust for potential confounding factors (26),
deriving maximum likelihood estimates of RRs and 95% CIs. Quartiles
were determined based upon the distribution among controls, and tests
for trend were obtained by treating the quartile variables as continuous.

RESULTS

The major risk factors identified in this population have been
reported elsewhere (2, 23, 27, 28) and include multiple sexual
partners, early age at first sexual intercourse, multiple pregnan
cies, detection by filter in situ hybridization of types 16/18
human papillomavirus, extended intervals since last Papanico-
laou (Pap) smear, and low socioeconomic status, as measured
by decreasing number of household facilities. These variables,
as well as age, were included in all regression models due to
possible associations between these factors and serum folate
levels. In addition, low dietary intake of vitamin C,3 low dietary
and serum /3-carotene,3'5 and high serum -y-tocopherol levels5

4The abbreviations used are: QS, quality surveillance; RR, relative risk; CI,

confidence interval.
*N. Potischman, R. Herrero, L. A. Brinton, W. C. Reeves, M. Stacewicz-

Sapuntzakis et al. A case-control study of nutrient status and invasive cervical
cancer: II. Serologie indicators. Am. J. Epidemici., in press.

were associated with increased risk of disease and were included
in some analyses. Smoking was reported by few women and
was not an independent predictor of risk (29), although it was
investigated as a modifier of the relation between folate status
and risk of disease.

The age-adjusted mean serum folate values for cases versus
controls are presented in Table 1. No significant differences
were noted (5.00 versus 4.90 ng/ml, respectively); in addition,
the ranges of concentrations were almost identical between
cases and controls (0.98-18.02 and 1.05-18.73 ng/ml, respec
tively). Although the mean folate concentrations appeared to
increase slightly with stage of disease, the trend was not signif
icant (P = 0.42).

Table 2 shows relative risks associated with increasing levels
of serum folate. No association with risk was observed for
increasing folate levels in the age-adjusted model or in the
model adjusted for other known risk factors. Further evaluation
of risk for the highest deciles of folate (>7.7 ng/ml) compared
with the lowest decile (<2.5 ng/ml) also showed no evidence of
reduced risk; in fact, a slightly elevated risk was observed (RR
= 1.4 95%, CI = 0.8-2.5). Addition to the logistic model of
contraceptive use (ever/never), alcohol intake (never + occa
sional/habitual), or serum 7-tocopherol did not alter the folate
results. Likewise, risks associated with these three factors were
not altered by addition of folate to the models. Serum ÃŸ-
carotene was slightly correlated with serum folate (r = 0.26),
but adjustment for /3-carotene did not alter the relative risks
associated with folate quartiles. Dietary vitamin C was associ
ated with risk of disease in this population3 and was potentially

related to serum folate levels since dietary folate and vitamin C
are found in many of the same foods (e.g., oranges, orange
juice, green vegetables). Although the correlation of dietary
vitamin C and folate-rich food was high (r = 0.61), the corre
lation between dietary vitamin C and serum folate was not (r =
0.07). Addition of dietary vitamin C to the model did not alter
the serum folate results.

Oral contraceptive use and multiple pregnancies have been
associated with risk of cervical cancer in some studies, and both
factors have been associated with lower folate status. Table 3
shows that mean serum concentrations were lower among con
trols who reported ever having used oral contraceptives corn-

TableI Serumfolate(ng/ml)valuesfromearlystagecasesandcontrols
GroupControlsCases

Stage IA
Stage IB
Stage IIn56533024

117
189Mean

(SE)Â°4.90(0.11)5.00(0.14)

4.53 (0.50)
4.87 (0.23)

5.14(0.18)*
Adjusted for age.

Table 2 Relative risks associated with serum levels of folate in early stage
cervical cancer cases and controls

NutrientFolateQl

(<3.33ng/ml)Q2
(3.33-4.44)Q3
(4.45-6.00)Q4

(>6.00)TotalCases83798484330Controls139141143142565RRÂ°1.000.940.981.01RR*1.001.011.061.0595%

CI(0.7-1.6)(0.7-1.6)(0.7-1.6)

" Adjusted for age.
* Adjusted for age, number of sexual partners, age at first sexual intercourse,

number of pregnancies, presence of human papillomavirus 16/18, interval since
last Pap smear, and number of household facilities.
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Table 3 Mean and SE for serum folate" values among controls by oral

contraceptive and pregnancy variables

Risk factor Mean (SE)

Oral contraceptives
Ever use

No 392 5.00(0.12)
Yes 171 4.68(0.18)

Yr since last use
S3 yr 68 4.66 (0.29)
>3 yr 103 4.69 (0.23)

Yr of use
<5yr 103 4.76(0.23)
5+ yr 68 4.55 (0.28)

Pregnancies
Yr since last pregnancy

<lyr2-3
yr>3

yrNo.

ofpregnancies12-34-56-78-9>94464418441321389856684.72

(0.36)4.97
(0.29)4.89(0.11)5.37

(0.36)5.05(0.21)4.73

(0.20)5.09
(0.23)4.74
(0.32)4.69

(0.30)
" Adjusted for age.

pared with nonusers. Although recent users of oral contracep
tives did not have lower values compared with women with
extended periods since last use (>3 years), the mean folate
values for both groups were lower than for never users. In
addition, the folate values were lower among women who used
oral contraceptives for longer (5 or more years) than shorter
duration (0-5 years). Women who had a pregnancy within the
last year had lower folate values compared with those who had
not been pregnant for 2 or more years; in addition, an increasing
number of pregnancies was related to lower folate levels, al
though the trend was not consistent.

One-hundred six women reported ever having used oral con
traceptives and, in contrast to expectation, risk of cervical
cancer in this subgroup increased with higher folate levels
(Table 4). Since recent, long-term use had been associated with
an increased risk of invasive cancer in this study population
(23), we investigated the effect of folate among women with 5
or more years of use and among recent users (use within 3
years). No significant protective effects were noted for high
versus low folate levels in these 2 subgroups, although there
were few cases in each group (Â«= 50 and n = 38, respectively).
Elevated risks were noted for high folate levels among short-
term users of oral contraceptives (<5 years), but there was no
evidence of a significant trend across the folate quartiles (P =

0.10).
Women who have had multiple pregnancies were found to

have both low folate concentrations (Table 3) and an increased
risk of disease (2). In addition, after adjustment for number of
pregnancies, a slightly increased risk of disease was observed
among women who had experienced a recent pregnancy (RR =
1.8 for pregnancy within 1 year versus greater than 2 years),
although there were only 17 cases in this group. To investigate
whether an effect of folate was limited to a specific group, the
relation of folate to risk of disease was evaluated within several
pregnancy subgroups (Table 5). Among women who reported
having had a pregnancy within the previous 2 years, there was
no significant trend but a relative risk of 0.6 (95% CI 0.2-2.2)
was observed for the highest folate level. No significant asso
ciations were noted for women most likely to have lowered

folate status, i.e., those with 6 or more pregnancies and those
who reportedly never used vitamin supplements during their
pregnancies (37% of the subjects).

Finally, to investigate whether a protective effect of folate
might be present in other subgroups of the study, we performed
analyses within strata of the known and suspected risk factors
for disease. There was no evidence that folate effects were
modified by smoking, human papillomavirus, socioeconomic
status, or by serological measurements of other micronutrients,
including /3-carotene and -y-tocopherol.

There were 32 cases with a diagnosis of adenocarcinoma or
adenosquamous carcinoma, whereas all others were squamous
carcinomas, limiting the evaluation of folate effects by histolog-
ical type. Folate status may be considered borderline to deficient
for individuals below 3 ng/ml (4), and a crude evaluation of
normal compared with low folate levels (>3 versus <3 ng/ml)
within the adenocarcinoma and adenosquamous group sug
gested a reduced age-adjusted relative risk associated with nor
mal levels (RR = 0.7, 95% CI = 0.4-1.6).

DISCUSSION

The recent interest in the improvement of cervical dysplasia
with folate supplementation among oral contraceptive users
suggests that cervical tissue is responsive to biological levels of
this nutrient. Although some dysplastic lesions progress to
invasive disease, many regress or remain atypical without ap
parent progression (30). The results from this study do not
support the hypothesis that serum folate concentrations are
associated with invasive disease. However, pharmacological
doses of folate or a tissue marker, such as red blood cell folate,
may be required for a protective effect to be observed.

The only epidemiolÃ³gica! study that showed an association
between dietary intake of folate and risk of disease was a study
of cervical dysplasia (18). The lack of an effect of folate with
invasive disease suggests that folate status may be more impor
tant in early stages of cervical abnormalities, which is consistent
with previous supplementation studies (11, 12).

Use of oral contraceptives has been associated with lower
folate levels (6, 7), and long-term, current users were found to
be at increased risk of cervical cancer in this study population
(23). However, there were no observable effects of serum folate
levels on cervical cancer risk among oral contraceptive users or
long-term users in this study. Given that mean folate concen
trations were lower in oral contraceptive users and users of long
duration, our results do not support serum folate as the expla-

Table 4 Effect modification of serum folate" by oral contraceptive use

Oral
contraceptive

useEver

use
No

YesYr

of use
<55+Yr

since last use
<3yr>3yrSerum

folatequartilesQl*(low)1.00(53/86)'

1.00(30/53)1.00(14/33)

1.00(16/20)1.00(12/21)

1.00(18/32)Q21.04(54/96)

1.12(25/45)1.52(14/23)

1.34(11/22)0.64(7/21)

1.37(18/24)Q30.91

(53/102)
2.07(31/41)2.90(14/24)

3.06(17/17)2.16(12/15)

1.72(19/26)Q4

(high)0.99

(64/108)
1.47(20/32)2.47

(14/23)
0.92(6/9)0.97(7/11)

1.59(13/21)
" Adjusted for age, number of sexual partners, age at first sexual intercourse,

number of pregnancies, presence of human papillomavirus 16/18, interval since
last Pap smear, and number of household facilities.

* Reference group.
c Numbers in parentheses, number of cases/controls.
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Table 5 Effect modification of serum folate0 by pregnancy variables

Serum folatequartilesRisk

factorYr

since pregnant
0-2

>2No.

of pregnancies
0-5

6+Pregnancy

vitamins
Ever
NeverQl*(low)1.00(19/20)c

1.00(57/110)1.00(30/67)

1.00(53/72)1.00(44/87)

1.00(36/44)Q21.12(17/18)

0.96(55/116)0.98

(24/66)
1.03(55/75)1.13(52/89)0.77

(25/48)Q30.46(13/20)

1.35(69/111)0.99(29/71)

1.06(55/72)1.07(52/91)

1.26(31/41)Q4

(high)0.62(9/18)

1.20(72/115)1.31

(33/64)
0.86(51/75)1.12

(47/78)
0.85 (35/59)Test

for trend
(Pvalue)0.25

0.270.24

0.500.78

0.91
* Adjusted for age, number of sexual partners, age at first sexual intercourse, number of pregnancies, presence of human papillomavirus 16/18, interval since last

Pap smear, and number of household facilities.
Reference group.

f Numbers in parentheses, number of cases/controls.

nation for the excess risks associated with long-term usage of
oral contraceptives.

Previous analyses of these data found a higher risk of ade-
nocarcinoma or adenosquamous carcinoma of the cervix asso
ciated with oral contraceptive usage (23). In the present anal
yses, risk of disease appeared somewhat reduced in normal
compared with low folate groups, suggesting that folate may be
important for this tumor type. Further study of adenocarcinoma
seems warranted, although the observed association may not be
of major public health importance, inasmuch as less than 10%
of cervical cancers are of these histologies (31).

Our results also do not suggest that the risk of disease
associated with a greater number of pregnancies was related to
serum folate levels. Although it was not possible to evaluate
recent, multiple pregnancies, there was suggestion of a reduced
risk associated with higher folate levels among women with a
recent pregnancy. However, there were few women in this group
(n = 22 cases in the 2 higher folate quartiles) and the effect was
not statistically significant. Previous analyses failed to show an
association of risk with use of prenatal vitamins (2), and serum
folate was not related to risk of disease among the substantial
proportion of these Latin women who never used vitamin
supplements during their pregnancies. These results provide
further evidence that folate status is not associated with risk of
invasive disease.

A similar proportion of cases and controls (approximately
18%) had serum folate levels below normal levels, and both
groups exhibited a full range of folate values (1-18 ng/ml), with
the upper limit of normal values for this assay being 16-18 ng/
ml). Serum concentrations are considered short-term markers
of folate status, since depletion studies indicate decreased serum
values starting 2-3 weeks after initiation of a deficient diet; in
contrast, tissue levels remain normal for approximately 17
weeks (32). Although it is possible that women were misclassi-
fied into low categories because of temporarily low dietary
intakes, it is also likely that women with very low serum levels
(<2.5 ng/ml) have been deficient for long periods of time,
particularly since folate deficiency is common in developing
countries (33). However, further study with other biological
markers of folate status would be useful.

This study benefits from high participation rates, a substan
tial range of folate values, laboratory quality control, and large
numbers of subjects for control of identified risk factors. Con
sistent with previous dietary studies (13, 16) and a dietary
analysis in this study population,3 our results do not support

an association between folate status and risk of invasive cervical
cancer.
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