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Abstract
Epidemiological studies have been inconsistent regarding a
role for folate in the etiology of cervical dysplasia.
Methylenetetrahydrofolate reductase (MTHFR) catalyzes the
synthesis of 5-methyltetrahydrofolate, which is involved in
the methylation of homocysteine to methionine. A common
variant of this enzyme, resulting from a 677C3 T
(Ala3 Val) substitution in the gene, has been shown to
have reduced activity and is associated with mild
hyperhomocysteinemia. A multiethnic case-control study
was used to examine the association of dietary folate and
MTHFR genotype with the odds ratios (ORs) for cervical
dysplasia among women identified from several clinics on
Oahu, Hawaii, between 1992 and 1996. We collected blood
samples for DNA extraction, cervical smears for cytological
diagnosis, exfoliated cervical cells for human papillomavirus
(HPV) DNA testing, and personal interviews from 150
women with squamous intraepithelial lesions (SILs) and
from 179 women with cytologically normal (Pap) smears.
We found a positive, monotonic trend (P ⴝ 0.02) in the ORs
for cervical SILs associated with the number of variant
MTHFR T alleles, after multivariate adjustment. Women
with the heterozygous CT genotype had twice the risk of
cervical SILs [OR, 2.0; 95% confidence interval (CI),
1.1–3.7], and women with the homozygous TT genotype had
almost three times the risk of SILs (OR, 2.9; 95% CI,
1.0 – 8.8) compared to women with the homozygous MTHFR
CC genotype. The dietary intakes of folate, vitamin B6,
and vitamin B12 were inversely related to the ORs for
cervical SILs, after adjustment for HPV DNA and other
confounders. The OR among women in the highest quartile
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compared with women in the lowest quartile of folate intake
was 0.3 (95% CI, 0.1– 0.7; P for trend ⴝ 0.002). Women
with the variant T allele and folate intakes below the
median were at significantly elevated risk of cervical SILs
(OR, 5.0; 95% CI, 2.0 –12.2) compared to women with CC
alleles and folate intakes above the median. HPV infection
was a strong risk factor for cervical dysplasia, particularly
among women with the variant T allele (OR, 46.6; 95% CI,
15.9 –136.2). All associations of MTHFR genotype with the
ORs for cervical SILs were independent of other risk
factors under study. These findings suggest that the
MTHFR T allele and reduced dietary folate may increase
the risk for cervical SILs.
Introduction
Research on the hypothesized association of folic acid and related
nutrients with the risk of cervical dysplasia is rooted in the observation by Van Niekerk (1) that macrocytic cells from the cervix of
pregnant women with folic acid deficiency were cytologically
similar to malignant cells, and that this macrocytic atypia could be
reversed through vitamin supplementation. In the 1970s, Whitehead et al. (2) showed that 10 mg of oral folate supplementation
improved the macrocytic changes in cervical cytological specimens associated with oral contraceptive pill use. Subsequent studies (3–9) of the relation of dietary and blood measures of folate to
the risk of cervical dysplasia have produced mixed results and are
difficult to interpret in the absence of appropriate measurement for
the presence of HPV3 infection, a key risk factor for cervical
dysplasia and cancer.
Folate deficiency, defined as erythrocyte folate levels
⬍140 ng/ml, may affect up to 10% of the United States population and a much larger proportion (⬃50%) of low-income
and African-American women who are at the greatest risk of
cervical cancer (10). Folate is essential to the synthesis of
nucleotides, and low levels of folate have implications for cell
replication, DNA excision and repair, and DNA hypomethylation (11). S-adenosylmethionine is an important methyl donor,
and in folate deficiency, S-adenosylmethionine formation compromises the conversion of deoxyuridylate to thymidylate, resulting in thymine starvation. Thymine-starved cells tend to
misincorporate uracil into human DNA, and during subsequent
DNA repair, transient nicks may be linked on opposite strands,
causing chromosome breaks (10). The degree of DNA hypomethylation in biopsied cervical tissue has been correlated to
folate concentrations in cervical tissue and serum, suggesting a
mechanism for suppressing HPV-mediated cervical carcinogenesis (12).

3
The abbreviations used are: HPV, human papillomavirus; CI, confidence interval; MTHFR, methylenetetrahydrofolate reductase; 5-methylTHF, 5-methyltetrahydrofolate reductase; OR, odds ratio; CI, confidence interval; SIL, squamous
intraepithelial lesion.
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MTHFR is an enzyme that catalyzes the reduction of
5,10-methylenetetrahydrofolate to 5-methylTHF, the methyl
donor for methionine synthesis from homocysteine (13). A
common variant of this enzyme with reduced activity and
sensitivity to heat inactivation has been shown to be caused by
a 677C3 T substitution in the structural gene, resulting in an
alanine-to-valine substitution in the enzyme. Homozygotes for
this variant have mild elevation of plasma homocysteine levels
and nonmethylated folate in their RBCs, both conditions implying impairment in 5-methylTHF synthesis (14). In this casecontrol study, we tested the hypothesis that women with cervical dysplasia have lower intakes of dietary folate and are
more likely to have the variant MTHFR T allele.
Materials and Methods
Details of the methodology used in this study have been reported elsewhere (3, 15). Briefly, we conducted a case-control
study on the island of Oahu, Hawaii, among women attending
three hospital-based clinics for cervical cytological screening
between June 1992 and December 1996. Eligible subjects included nonhysterectomized women from 18 to 84 years of age
who were residents of Oahu. Women who had been pregnant or
lactating within 6 months of enrollment, or who had a diagnosis
of cervical abnormalities within the past year, were considered
ineligible for study.
Eligible cases were identified through the cytology logs of
the participating clinics and included all women with biopsyconfirmed SILs of the cervix according to the Bethesda system
(16). Before their return to the clinic for a follow-up examination
and cervical smear, potentially eligible women were contacted by
letter, followed by a telephone call, about consenting to participate
in the study. As part of the study, a colposcopy was performed, and
cervical cells were collected for HPV testing. All biopsies were
read by one of three pathologists and categorized as normal,
“equivocal” SIL (atypical squamous cells of undetermined significance), low-grade SIL (“mild dysplasia”), or high-grade SIL
(“moderate” or “severe” dysplasia). Interview information was
obtained from 214 of the 303 eligible biopsied women (71%) with
a diagnosis of SIL. Potential cases who were not diagnosed with
low-grade or high-grade SIL were not included in this analysis.
We were able to draw blood from 150 of the 214 biopsy-confirmed
SIL cases (70%) who completed interviews, including Caucasian
(n ⫽ 56), Japanese (n ⫽ 26), Native Hawaiian (n ⫽ 19), and other
Asian/Pacific Island (n ⫽ 49) women.
Controls were women with negative cytological smears
attending the same clinics as the cases. Eligible women were
selected from the admission logs of the participating clinics on
a randomly selected day of the month. Potential controls were
met at the clinics by one of the interviewers who explained the
purpose of the study. An exfoliated cervical cell specimen was
obtained at the time of the cervical cytological smear. Of the
318 qualified women with negative cytological results, 271
(85%) were interviewed, and 179 (66%) of these women further
consented to have their blood drawn and were used as controls
in the present analysis. The control group included 79 Caucasians, 27 Japanese, 27 Native Hawaiian, and 46 additional
Asian/Pacific Island women.
Interview. A participant was scheduled for a personal interview at her home or other convenient location. Written, informed consent, as approved by the University of Hawaii and
clinic research committees, was obtained from all study subjects. A standardized questionnaire was used to elicit a detailed
sexual and reproductive history, including age at first intercourse, number of sexual partners and methods of contracep-

tion, diet and dietary supplements, a lifetime history of tobacco
and alcohol use, and other demographic and lifestyle information. The food frequency questionnaire used in this study has
been described previously (17) and has been validated in our
population (18). Almost 250 food items or categories were
selected to provide an estimate of the major dietary components. The food sources of these dietary components and common serving sizes for each item were derived from measured
food records among a random sample of the major ethnic
groups in Hawaii. Specific inquiry was made about added fats
and oils, as well as supplements. Alcoholic beverage consumption was also assessed. For each food or beverage item, the
respondent indicated the usual frequency consumed per day,
week, or month, with yearly frequencies for particular seasonal
items, such as cantaloupe. Color photographs illustrating the
three most representative serving sizes were used to assist
subjects in estimating amounts consumed. Both combination
and multiple servings could be selected. The dietary reference
period was the year before diagnosis for the cases and the year
preceding the interview for controls. The median time between
diagnosis and interview was ⬃4 months for the cases.
Portion sizes were converted to gram weights, and the grams
consumed on a daily basis for each food item were calculated as
the product of the frequency and serving size. For the nutrient
analysis, a food composition database was applied to obtain the
daily intake of nutrients from each food item. The food composition database was compiled largely from the United States Department of Agriculture tables (19). Recipes for local ethnic dishes
were also included. Values for folate and other nutrients were
representative of food composition at the time of the interview,
before the widespread folate fortification of the United States food
supply. Total daily nutrient intake was calculated as the sum of
nutrients from foods and nutrients from supplements.
HPV DNA Detection. Personnel at all laboratories involved in
the analyses for this study were blinded to the case-control
status of the subjects. Frozen cervical cell specimens (1 ml)
were prepared for HPV-DNA detection by PCR amplification
and dot-blot hybridization of the amplicons. The PCR amplifies
the highly conserved L1 region of the viral genome using
degenerate primers (MY09 and MY11; Ref. 20), which amplify
⬎45 types of HPV, including the most common oncogenic
types found in the cervix (21). PCR products were assessed
through dot-blot hybridization using biotin-labeled oligonucleotide DNA probes.
MTHFR Polymorphism. DNA was purified from peripheral
blood leukocytes by SDS/proteinase K treatment and phenol/
chloroform extraction. The 677 (C3T) substitution alters an
alanine into a valine residue, creating a HinfI site. Genotyping
for the C677T polymorphism followed methods described in by
Frosst et al. (14).
Quality Control. Quality control testing was performed for
both HPV and MTHFR analyses and involved strict precautions
against PCR contamination. All PCR reagents were made in
batch and stored as aliquots, including positive and negative
controls, to minimize the handling of reagents. Repeat assays
were performed on a random 5% of all laboratory specimens.
Gels were interpreted by two individuals.
Statistical Analysis. In previous analyses of these data (3, 15),
we reported the following risk factors for cervical SIL: age,
ethnicity, tobacco smoking, alcoholic beverage consumption,
the number of sexual partners before age 20, and HPV DNA
detection in the cervical cell specimens. In this analysis, we
have focused on the association of the MTHFR genotype,
dietary folate, and related B-complex vitamins to the risk of
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Table 1
MTHFR
genotype

ORs and 95% CIs for the association of MTHFR genotype with the risk of cervical SILs

Cases

Controls

ORa

95% CI

CC
CT
TT

73
67
10

93
75
11

1d
1.3
1.1

0.8–2.1
0.4–2.9

CT or TT

77

86

1.2

0.8–2.0

Pb for
trend

0.62

ORc

95% CI

1d
2.0
2.9

1.1–3.7
1.0–8.8

2.1

1.2–3.9

P for
trend

0.02

a

After adjustment by unconditional multiple logistic regression for age and ethnicity.
b
Based on the likelihood ratio test comparing models with and without a trend variable, assigned values 1, 2, and 3, representing the CC, CT, and TT categories, respectively.
c
After adjustment by unconditional multiple logistic regression for age, ethnicity, tobacco smoking (ever versus never), alcohol drinking (ever versus never), number of
sexual partners before age 20 (continuous), and HPV detection by PCR dot-blot hybridization (yes versus no).
d
Reference category.

cervical SILs. Other dietary factors were analyzed as potential
confounders, but details of these analyses will be reported
elsewhere. Partial Pearson correlations (r) of continuous logtransformed nutrients and other variables, adjusted for calories
and the risk factors above, were calculated to evaluate colinearity (22). The ORs associated with different levels of the
exposure variables were evaluated by unconditional multiple
logistic regression modeling case-control status (23). ORs and
95% CIs were computed by exponentiating the quantities (coefficient ⫾ 1.96 ⫻ SE) for the binary indicator variables representing the nutrient quartiles or MTHFR genotypes. Adjustment variables included age, as a continuous variable, ethnicity
by indicator variables, and the following additional variables:
tobacco use (ever versus never smoked cigarettes), alcohol use
(ever versus never drank), number of sex partners before age 20
(continuous), and HPV detection (yes versus no) by PCR dotblot. In the diet analyses, we used the standard multivariate
method for energy adjustment in which log-transformed energy
intake was included as a covariate, but the inclusion of this
variable was not significant in any of the regression models. We
also adjusted for plasma nutrients (cryptoxanthin, vitamin C,
and tocopherol) that were found to be related to risk in previous
examinations of the data (15). The trend variable for nutrients
was assigned the median for the appropriate quartile of intake.
Gene dosage effects were modeled by assigning the values 1, 2,
and 3 to a genotype trend variable, according to the subject’s
number of variant alleles (zero, one, and two variant alleles,
respectively). Logistic regression was used to explore the joint
association between the MTHFR polymorphism and other variables by modeling each level of interaction between the pairs of
variables using subjects who had the homozygous CC genotype
and unexposed to the second variable (e.g., folate intake above
the median 305.5 g) as the reference category, and comparing
this model by the likelihood ratio test to one in which only the
main effects were modeled. Power to detect interactions was
computed by the method described by Smith and Day (24).
Results
Controls in this population were older (mean age, 39.1 years)
than cases (mean age, 32.4 years) and more likely to be Caucasian (43% of controls, 39% of cases) or Japanese (16% of
cases, 12% of controls). All models were adjusted for age and
ethnicity. The allelic distribution of MTHFR in cases and in
controls were found to be in Hardy-Weinberg equilibrium.
Table 1 shows ORs for the MTHFR genotypes after adjustment
for age and ethnicity (column 4) and after adjustment for
additional confounders (column 7). The variant T allele frequency was slightly more common among cervical SIL cases
(29.0%) than among controls (27.1%), although age- and

ethnicity-adjusted ORs did not vary significantly by genotype.
However, after additional adjustment for covariates, the ORs
for cervical SILs increased monotonically (p for trend ⫽ 0.02)
among women with heterozygous (CT) and homozygous (TT)
genotypes. The relationship of the MTHFR genotype to cervical
SILs was confounded by HPV detection and alcohol drinking
but not tobacco smoking or sexual history. The presence of one
copy of the T allele was associated with an OR of 2.0 (95% CI,
1.1–3.7), and women with homozygous TT genotypes had an
OR of 2.9 (95% CI, 1.0 – 8.8), compared with women with
homozygous CC alleles, after adjustment for all covariates. The
adjusted OR for the presence of at least one T (CT or TT) allele
was 2.1 (95% CI, 1.2–3.9). Additional stratified analyses were
performed by ethnic group with little suggestion of stratumspecific inconsistencies in the ORs (data not shown).
Table 2 shows the association of the dietary (foods ⫹
supplements) B-complex vitamins with the ORs for cervical
SILs, using women in the lowest quartile of consumption as
the reference category. We found a negative monotonic
gradient of risk associated with increasing consumption of
folate and vitamin B6. The intake vitamin B12 was inversely
related to the ORs for of cervical SILs, although the reduction in risk was limited to the fourth quartile. The results also
suggested an inverse association of the other B vitamins with
the ORs for cervical SILs, but these relationships were weak.
The results for the B vitamins by source (supplements or
food) were consistent (data not shown). For example, 49
cases (33%) and 75 controls (42%) took folate supplements,
and we found a significant inverse dose-response relationship (P ⫽ 0.02) between folate supplement intake and cervical SIL risk. There was a high degree of correlation between the dietary intakes of the B-complex vitamins, with r
ranging from 0.75 (folate and B12) to 0.96 (thiamin and
riboflavin), making it difficult to distinguish the effects of
these nutrients on risk. The addition of continuous variables
for energy intake and other dietary and plasma nutrients to
the logistic models did not change the findings materially but
weakened the trends. For example, after additional adjustment for (log) energy intake in the folate model in Table 2,
the ORs (95% CIs) for cervical SILs associated with the
three upper quartiles compared with the lowest quartile of
dietary folate were 1.1 (0.5–2.6), 0.7 (0.3–1.7), and 0.3
(0.1– 0.9), respectively (P for trend ⫽ 0.007).
Joint analyses were performed to examine the association
of cervical SIL risk with the MTHFR polymorphism (CT or TT
genotype versus CC) and dietary B-complex vitamins. We
found no significant interaction between the MTHFR genotype
and any of the vitamins under study. Results for folate are
shown in Table 3 as an example of our findings, although the
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Table 2

ORa and 95% CIs for the association of B vitamin intake with the risk for cervical SILs
Quartile of intakeb

Nutrient

1 (low)c

2

3

4 (high)

OR

OR

95% CI

OR

95% CI

OR

95% CI

1
1
1
1
1
1
1

1.0
0.6
0.8
0.5
0.8
0.5
1.0

0.4–2.2
0.3–1.4
0.3–1.7
0.2–1.2
0.4–1.9
0.2–1.1
0.4–2.3

0.6
0.5
0.9
0.3
0.8
0.4
0.5

0.3–1.4
0.2–1.2
0.4–1.9
0.1–0.8
0.3–1.8
0.2–0.9
0.2–1.1

0.3
0.4
0.3
0.5
0.6
0.4
0.6

0.1–0.7
0.2–0.9
0.2–0.8
0.2–1.1
0.3–1.3
0.2–1.0
0.3–1.4

Folate
Vitamin B6
Vitamin B12
Thiamin
Methionine
Riboflavin
Niacin

P for trendd

0.002
0.04
0.02
0.14
0.20
0.08
0.11

a
After adjustment by unconditional multiple logistic regression for age, ethnicity, tobacco smoking (ever versus never), alcohol drinking (ever versus never), number of
sexual partners before age 20 (continuous), and HPV detection by PCR dot-blot hybridization (yes versus no).
b
The quartile cutpoints for daily nutrient intake were as follows: folate, 220.7, 305.5, 422.6 g; vitamin B6, 1.65, 2.66, 4.29 mg; vitamin B12, 3.68, 6.83, 11.39 g; thiamin,
1.33, 2.06, 3.50 mg; methionine, 1.13, 1.54, 2.21 mg; riboflavin, 1.55, 2.47, 4.13 mg; niacin, 17.49, 27.07, 41.26 mg.
c
Reference category for all models.
d
Based on the likelihood ratio test comparing models with and without a trend variable that was assigned the median value for the quartiles.

Table 3

Joint association of MTHFR genotype and folate intake with the ORa for cervical SILs
MTHFR CC

MTHFR CT or TT

Folate intakeb
(g)

Cases

Controls

OR

95% CI

Cases

Controls

OR

95% CI

⬎305.5
ⱕ305.5

29
44

55
38

1d
3.9

1.6–9.7

37
40

43
43

3.5
5.0

1.4–8.6
2.0–12.2

Pc for interaction

0.10

a

After adjustment by unconditional multiple logistic regression for age, ethnicity, tobacco smoking (ever versus never), alcohol drinking (ever versus never), number of
sexual partners before age 20 (continuous), and HPV detection by PCR dot-blot hybridization (yes versus no).
b
Dietary nutrient intake from food and supplements was divided at the median into high and low consumption.
c
Based on the likelihood ratio test comparing models with and without an interaction term between MTHFR genotype and folate intake (degrees of freedom, 1).
d
Reference category.

Table 4

Joint association of MTHFR genotype and HPV DNA test results with the ORa for cervical SILs
MTHFR CC

HPV DNA testb
Negative
Positive

MTHFR CT or TT

Pc for interaction

Cases

Controls

OR

95% CI

Cases

Controls

OR

95% CI

17
56

81
12

1d
27.7

11.4–67.1

31
46

79
7

2.2
46.6

1.1–4.6
15.9–136.2

0.65

a

After adjustment by unconditional multiple logistic regression for age, ethnicity, tobacco smoking (ever versus never), alcohol drinking (ever versus never), number of
sexual partners before age 20 (continuous), and HPV detection by PCR dot-blot hybridization (yes versus no).
b
HPV detection by PCR dot-blot hybridization.
c
Based on the likelihood ratio test comparing models with and without the interaction term between MTHFR genotype and HPV (degrees of freedom, 1).
d
Reference category.

power to detect this interaction was modest (44%). Women
with the variant T allele were at significantly elevated ORs for
cervical SILs compared with women who were homozygous
CC, regardless of dietary folate intake. Women with dietary
folate intakes below the median value were also at increased
risk of cervical SILs when compared with women with folate
intakes above the median, independent of MTHFR genotype.
Women with low folate intakes and at least one variant T allele
had a 5-fold greater risk of cervical SILs than women with high
folate intakes and the CC genotype.
We modeled the interaction between the MTHFR polymorphism and HPV test results in Table 4. HPV-positive
women with at least one T allele had an OR of 46.6 (95% CI,
15.9 –136.2) compared with HPV-negative women with homozygous CC alleles. We found no evidence for a gene-virus
interaction (P ⫽ 0.65), and the association of the MTHFR
polymorphism with the ORs for cervical SILs appeared similar
among HPV-positive (OR, 46.6/27.7 ⫽ 1.7) and HPV-negative
(OR, 2.2/1 ⫽ 2.2) women.

Discussion
The discovery of a common MTHFR variant with reduced
catalytic activity and the demonstration that this variant results
from a polymorphic point substitution (C677T) in the structural
gene have stimulated much scientific interest in the possible
influence of the MTHFR genotype on disease susceptibility
(14). Polymorphisms in the MTHFR gene have been associated
with homocystinuria (25), thromboembolism (26), and neurological disorders (27), depending on the severity of the impairment in enzyme activity, but studies for the most part suggest
that this substitution is benign, particularly with regard to
cardiovascular disease risk (28). It is no doubt premature to
reach any firm conclusions concerning the association of
MTHFR variants with cancer risk, but it is probable that genedisease associations will vary by cancer site and histology.
Several studies suggest that the C677T polymorphism reduces
the risk of colon cancer and adenomatous polyps when folate
intake is adequate and alcohol consumption is limited (29 –32);
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but the polymorphism may have no influence on risk when
alcohol consumption is high (29) or may be a risk factor when
folate intake is low (30, 31). The T allele may also reduce the
risk of acute lymphocytic leukemia (33) but not the risk of acute
myeloid leukemia (33) nor colorectal hyperplastic polyps (34).
Results from this investigation support the hypothesis that the
MTHFR 677T allele is a susceptibility factor for cervical dysplasia.
Women with one variant T allele had a 2-fold increased risk of
cervical SILs, and women with the TT genotype had almost a
3-fold elevated risk for SILs compared with women with the CC
genotype. These findings confirm the reported 2.9-fold (95% CI,
1.2–7.9) increased OR for cervical dysplasia among women with
the T allele reported in a case-control study of 64 cases and 31
controls in Birmingham, AL (35).
Our finding that the MTHFR 677T variant is a risk factor for
cervical SIL, regardless of folate intake, is consistent with the
possibility that adequate folate concentrations in cervical tissue are
physiologically maintained, preventing the enzyme variant from
increasing efficiency. In instances where the MTHFR C677T
substitution reduces the ORs for cancer in the presence of
adequate folate levels, the in vivo synthesis of 5-methylTHF
by the enzyme variant may be sufficient to meet the demands for
DNA methylation, but the amount of 5-methylTHF synthesized
may still be lower than normal, leaving an ample pool of
nonmethylated folate (5,10-methylenetetrahydrofolate) for
thymidylate and purine synthesis.
Depletion of 5-methylTHF through variant MTHFR or low
folate levels can decrease levels of S-adenosylmethionine, which is
responsible for DNA methylation. 5-methylTHF provides the
methyl group for de novo methionine synthesis and DNA methylation. Kim et al. (36) found that global DNA hypomethylation
increases progressively with the grade of cervical neoplasia. In a
follow-up study, Fowler et al. (12) took biopsy samples from 83
patients with varying degrees of cervical intraepithelial neoplasia
and assayed the tissues for differences in global methylation by
extent of disease. The results suggested that hypomethylation of
the cervical epithelium may be an early event in cervical carcinogenesis. Interestingly, concentrations of folate in serum were unrelated to the severity of dysplasia and only weakly, but significantly, associated with degree of cervical hypomethylation. None
of the other factors examined, including hormone use, tobacco
smoking, or HPV infection, were associated with either DNA
methylation or grade of dysplasia.
HPV infection was a strong predictor of cervical SIL risk in
this study, in agreement with other investigations of cervical dysplasia and cancer. HPV-positive women who had at least one
variant T allele had a 47-fold increased OR for SILs compared
with HPV-negative women with the CC genotype. Although we
did not anticipate an increased OR associated with the MTHFR T
allele in HPV-negative women (Table 4), HPV infections are
transient, and women who are negative on a single HPV test
cannot be assumed to be at no risk for cervical dysplasia. The HPV
regulatory sequences are located within an unmethylated CpG
island. List et al. (37) postulate that HPV transcriptional activity
can be suppressed by hypermethylation of the promoter of the
regulatory region. Conversely, hypomethylation at specific promoter sites inhibits the binding of methylation-sensitive papillomavirus transcription factor to the promoter region and facilitates
the integration of HPV DNA into host cells (12). It has been
demonstrated that CpG methylation directly inhibits the DNA
binding activity of the HPV-16 E2 protein (38), and that methylation of cytosines within the HPV-18 CpG island results in the
suppression of viral promoter activity (39).
This study confirms an inverse association of dietary folate
with the OR for cervical dysplasia that has been reported by other

investigators (5– 8). The median folate intake in our reference
population, 305.5 g/day, is consistent with the estimated average
folate requirements for women in this age group (320 g/day) and
with estimates from the United States National surveys (272 g/
day for women 31–50 years in the Third National Health and
Nutrition Examination Survey; Ref. 40), providing some confidence in the dietary assessment method and representativeness of
the control group. In a previous analysis, we found no relation of
plasma folate levels, based on a single blood sample, to the ORs
for cervical SILs (3), whereas dietary folate intake was inversely
related to risk in the present analysis. There are several possible
reasons for the lack of concordance between the dietary and
plasma measures of folate:
(a) Plasma folate levels are transient and dependent on
recent, rather than long-term, dietary folate intake, so there may
be a poor correlation of present plasma folate concentrations to
lifetime exposure. Indeed, the partial correlation (adjusted for
the covariates described in “Materials and Methods”) of plasma
folate concentrations to dietary folate intake was only 0.28 in
our control population.
(b) The 677T variant may not manifest a reduced enzymatic activity in the presence of adequate folate substrate
concentrations, allowing the cellular demands for 5-methylTHF
to be accommodated (41).
(c) Finally, it is possible that plasma folate concentrations
in our study subjects did not adequately reflect concentrations
of folate in the cervical target tissue.
The present study had several advantages, including sensitive
and specific HPV testing, a validated interviewer-administered
food-frequency questionnaire designed specifically for our population, and expert pathological review of all cases. Weaknesses
included a relatively small sample size, making it difficult to
evaluate the form of the joint relationship between pairs of variables on the ORs for cervical SILs. The power of our study to
detect the interaction between MTHFR genotype and folate intake
in Table 3 as statistically significant was 44%. A sample size of
748 women would have been required to attain a power of 80% in
this analysis. Compliance with questionnaire (71% of eligible
cases, 85% of eligible controls) and blood sample (50% of eligible
cases, 56% of eligible controls) collection was not optimal but
compared favorably with other similar molecular studies. A poor
response rate may have biased our findings if participants were not
representative of all eligible women. We identified few differences
in the demographic characteristics and risk factors among interviewed women who participated in the blood sample collection
with women who did not participate. We were careful to adjust for
age, ethnicity, energy intake, and other variables that might confound the hypothesized dietary and nondietary associations with
cervical SILs.
In summary, we found that cervical SIL cases were more
likely than controls to have the MTHFR 677C3 T polymorphism
and a low dietary intake of B vitamins. We found no evidence for
a statistical interaction between MTHFR genotype and folate intake on the ORs for cervical SILs, but because of the small sample
size, our study power to examine joint effects between variables
was limited. The MTHFR polymorphism may have a substantive
impact on the population burden of this disease because of its high
frequency. In fact, the T allele frequency of 27% found in our
controls is somewhat lower than that reported in other populations
(42). If our results are confirmed, the public health impact of the
MTHFR polymorphism on the risk of cervical dysplasia may be
large in communities with a high prevalence of HPV infection and
folate deficiency.
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