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Decreased serum retinol levels in women with cervical dysplasia
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Sin.ry To examine the relationship of dietary and serum vitamin A to the risk of cervical dysplasia, a
case-control study was conducted in Miyagi, Japan. Cases were 137 women who were found by Papanicolaou
test screening and histological examination provided by Miyagi Cancer Society between October 1987 and
September 1988 to have cervical dysplasia. Controls were selected from participants of the general health
examination provided by the Society and individually matched to cases on age and screening date. The
consumption of retinol or carotene-rich foods during the past 7 days was assessed at interview. Information
was also collected about other risk factors of cervical dysplasia, such as reproductive histories and sexual
behaviour. The mean serum retinol levels were significntly lower among cases compared with controls,
although dietary intake levels of retinol and carotene were not different between the two groups. When
examined by tertile, the risk of cervical dysplasia was significantly higher among women in the highest tertile of
dietary vitamin A level. An inverse association was observed between serum retinol level and risk of cervical

dysplasia, although it did not achieve statistical significance.
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A protective role of vitamin A (retinoids and carotenoids) in
the subsequent development of various type of cancers,
particularly those of epithelial origin has been suggested from
several lines of evidence (Sporn and Roberts, 1983; Comstock
et al., 1992). Although human papillomavirus (HPV)
infection has been established as a central risk factor of
cervical cancer, there is much interest in the role of diet in its
aetiology (Franco, 1991; Schneider and Shah, 1989). Studies
of the effect of dietary intake of Vitamin A on the risk of
cervical cancer or dysplasia, a precursor of cervical cancer,
have yielded conflicting results. Some have reported that
lower intake levels of dietary retinol or beta-carotene were
associated with an elevated risk of cervical cancer or
dysplasia (Marshall et al., 1983; Liu et al., 1993; Wylie-
Rosett et al., 1984), whereas others did not (De Vet et al.,
1991; Ziegler et al., 1990; La Vecchia et al., 1988). Findings
from serum investigations have also been inconsistent.
Bernstein and Harris (1984) suggested that low serum level
of retinol may be associated with cervical cancer, whereas the
majority of recent studies showed no protective effect of
retinol (Harris et al., 1986; Basu et al., 1991; Butterworth et
al., 1992; Batieha et al., 1993).
We found only three studies which assessed both dietary

and serum measures of vitamin A. Brock et al. (1988) found
that neither serum nor dietary retinol level was related to a
risk of in situ cervical cancer, whereas only serum but not
dietary #-carotene showed a protective effect. Herrero et al.
(1991) reported similar results from the study of invasive
cervical cancer. Palan et al. (1988) observed lower f-carotene
levels in both dietary records and serum among women with
cervical dysplasia or in situ cancer, but they found that
dietary, but not serum retinol levels were lower among the
case study women.
We compared dietary and serum levels of retinol among

women with cervical dysplasia with matched community
controls. Most of the epidemiological studies on cervical
cancer concerned invasive or in situ conditions, but this

report focuses on cervical dysplasia to minimise the
possibility that recall bias or the effects of prognostic factors
affect the results.

Materias and methods

Cases were women attending Papanicolaou (Pap) test screening
and histological examination provided by Miyagi Cancer
Society. In Miyagi, about 30% of the entire target population
(female residents in Miyagi aged 30 years old or over)
participate in annual cervical cancer screening. During the
study period, 2.0% of those screened showed abnormal
findings of the Pap test and were referred to a clinic operated
by the society. Among these initially positive women, 92.8%
visited the clinic and about 20% of the visitors were eventually
diagnosed as having invasive cervical cancer (2.5%), in situ
cervical cancer (1.3%) or cervical dysplasia (16.2%).

Cases with cervical dysplasia newly histologically con-
firmed from October 1987 to September 1988, who were 18-
74 years old at the time of diagnosis, were contacted at the
colposcopy clinic and invited to participate in the study.
Controls were selected from the women who participated in
the general health check-up programme provided by the
Migayi Cancer Society for the residents of Migayi. They were
individually matched to cases on age (within 5 years) and
screening date (within 7 days). A total of 153 cases and
matched controls responded to personal interviews without
refusals. The questions comprised medical and reproductive
histories, sexual behaviour, dietary intakes and smoking and
drinking habits. The dietary component of the interview was
designed to estimate intake levels of retinol and carotene.
According to the Standard Tables of Food Consumption in
Japan, we selected liver, butter, margarine, milk, egg, cheese
and eel as major sources of retinol and all the vegetables that
contain more than 600 pg of carotene per 100 g except those
eaten rarely in the area. We asked the intake amount of these
22 foods consumed during the past 7 days. As eel is food rich
in retinol but it is generally not eaten frequently, we asked
the average amount consumed per month during the past
year. We used food photographs showing standard unit size
at the interview. Weekly intakes of retinol and carotene were
calculated using the specific nutrient values obtained from the
tables, in which carotenoid levels for each food are converted
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into corresponding f-carotene level and presented as carotene
level. Vitamin A level, i.e. retinol plus precursors (carotene)
was also estimated. To assess past dietary intakes of retinol,
carotene and vitamin A, we categorised 22 foods into five
groups (green vegetables, dairy products, meats and livers,
fruits, and seaweeds) and asked the relative intake levels of
each group around 5 and 10 years earlier compared with
current intake levels of these foods. A trained registered nurse
carried out all the interviews.

Non-fasting blood samples were obtained from each
woman on the same day as the interview. Blood was
collected in foil-wrapped glass tubes without heparin. Serum
was separated by centrifugation at 1000 g for 10 min and
stored in the dark at -70°C for sample preparation. Serum
levels of retinol were determined by the high pressure liquid
chromatography (HPLC) method (Miller and Yang 1985).
The basic design of this method uses the following
components: a Universal Liquid Chromatograph Injector
(Waters model U6K), a pump (Waters model 510), and a
Waters p Bondasphere 5 pm C-18 lOOA, 3.9 mm i.d. x 15 cm
column. Extracted samples were injected into a column and
eluted with 95% methanol (mobile phase) at a flow rate of
1.0 ml min-', monitored by Waters 490 Programmable
Multiwave Length Detector (wavelength at 325 nm). Retinol
levels were calculated from peak area ratio by using the
regression equations obtained from the standard curve (by
Waters M740 data module). The measurements were all
carried out in a single batch (at one time) by one of us (NM)
without information on status of the subjects.

As ten cases and seven controls refused blood sampling,
the final study population consisted of 137 matched pairs.
The distribution of the variables obtained from the interviews
for the refusers were not different from those for the entire
group. Among the 137 cases, 11 (8.0%), 82 (59.9%) and 43
(31.4%) were with mild, moderate and severe dysplasia
respectively.

Paired t-test was initially applied to compare the means of
nutrients levels between cases and controls. To estimate the
relative risk of cervical dysplasia for each of the study
variables, the odds ratios (ORs) and 95% confidence intervals
(95% CIs) were calculated using conditional logistic
regression. Each nutrient intake was categorised by tertile
according to the distribution in controls. The lowest tertile
was used as the referent category for computing ORs. Test
for linear trend was performed on ordinal variables. To
distinguish the independent effects of dietary or serum retinol
on the risk of cervical dysplasia, multivariate logistic analyses
were undertaken including additional possible risk factors in
the same model. All statistical analyses were performed using
SAS programs (PC-SAS, version 6.04).

Results

The serum level of retinol was significantly lower in cases
compared with that in controls (Table I). The intake levels of
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retinol and carotene as well as vitamin A were slightly higher
in cases, but the differences were not statistically significant
(Table I).

Age at first marriage, number of pregnancies, 1-3 births
and menopausal status were found to be significantly related
to the risk of cervical dysplasia (Table II). There were no
single women among the cases. Frequency of sexual
intercourse (Table III), cigarette smoking, past history of
genital infections by trichomonas, candida, herpes, chlamy-

Table H Odds ratios (ORs) and 95% confidence intervals (CTs) for
cervical dysplasia according to menstrual and reproductive histories

Nwmber of
Variables caseslcontrols OR (95% CI) Trend

Age at menarche
< 12 1515 1.00
13-15 88/100 0.97 (0.44-2.17)
16+ 34/22 2.03 (0.70-5.86) P = 0.12

Marital status
Married 124/122 1.00
Widowed 10/10 0.99 (0.52-1.89)
Separated 3 1 1.49 (0.47-4.68)
Never married 0/4

Age at first marriage
<20 22/37 1.00
21-25 89/81 1.91 (1.02-3.58)
26+ 26/15 3.14 (1.29-7.64) P = 0.01

Number of pregnancies
None 1?/11 1.00
1-3 67/66 10.26 (1.31-80.70)
4+ 69/60 11.84 (1.50-93.51) P = 0.04

Age at first pregnancy
<20 14/15 1.00
21-25 81/87 0.89 (0.38-2.08)
26+ 41/24 1.63 (0.64-4.15) P = 0.15

Number of births
None 1,13 1.00
1-3 125/108 13.57 (1.77-104.05)
4+ 11116 8.30 (0.95-72.21) P = 0.28

Age at first birth
<20 10/10 1.00
21-25 76/84 0.94 (0.37-2.38)
26+ 50/30 1.60 (0.59-4.31) P = 0.13

Menopause
No 83/70 1.00
Yes (natural) 51 /51 0.40 (0.14-1.12)
Yes (artifcial) 3/16 0.10 (0.02-0.44)

Age at menopause
Not reached 84/72 1.00
<45 11,17 0.35 (0.12-0.99)
46-52 29/39 0.38 (0.15-0.98)
53+ 13/ 9 0.63 (0.16-2.44) P = 0.02

Table I Comparison of nutrient intakes and serum retinol levels between cervical
dysplasia cases and their controls

Cases Controls
Geometric mean and 95% Cia of 1309 1081

retinol intake for I week (jug) (1095-1564) (910-1285)

Geometric mean and 95% CI of 25236 23070
carotene intake for 1 week (ug) (22429-28 395) (20649-25775)

Geometric mean and 95% CI of 20659 18341
vitamin A intake for 1 week (IU) (18 342-23 270) (16637-20 726)

Mean and 95% CI of 606.6 W.6b
serum retinol (ngml- ') (583.1-630.1) (617.1-664)
aConfidence interval. bp = 0.04.
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dia, syphilis and gonorrhoea (data not shown) were not
associated with an increased risk of cervical dysplasia. Only
three cases and one control were users of contraceptive pills.

Positive associations were observed between intake levels
of retinol, carotene and vitamin A and the risk of cervical
dysplasia (Table IV). After the adjustments for the other non-
nutrient variables which showed statistically significant high
or low ORs in univariate analyses, a significantly increased
OR was noted for the women in the highest tertile of vitamin
A intake compared with those in the lowest tertile. We found
an inverse association between serum retinol level and the
risk of cervical dysplasia, although it did not attain statistical
significance. The adjustments for other factors did not
substantially affect the risk estimates. When we restricted

Table HI Odds ratios (ORs) and 95% confidence intervals (CIs)
for cervical dysplasia according to frequency of sexual intercourse

Number of
Variables cases controls OR (95% CI) Trend

Times per month at teens
0-1 1241 16 1.00
2-4 0/2
5-8 5;7 0.50 (0.15-1.66)
9+ 8&9 0.89 (0.34-2.30) P = 0.50

Times per month at 20s
0-1 7,9 0.76 (0.24-2.44)
2-4 20/20 1.00
5-8 60/49 1.22 (0.60-2.48)
9+ 50/59 0.86 (0.42-1.77) P = 0.72

Times per month at 30s
0-1 6 l9 0.51 (0.17-1.52)
2-4 48/ 36 1.00
5-8 53,'55 0.71 (0.39-1.30)
9+ 20,/29 0.48 (0.23-1.02) P = 0.22

Times per month at 40s
0-1 26 19 1.99 (0.88-4.44)
2-4 41,48 1.00
5-8 16,18 1.14 (0.51-2.55)
9+ 2 '2 1.22 (0.17-9.10) P = 0.29

the analyses to the subgroup of severe dysplasia (n = 43), a
reduction in the risk was evident for women in the second
and highest tertiles of serum retinol levels (adjusted
OR=0.04, 95% CI 0.00-0.41 and OR=0.06, 95% CI
0.01-0.61, respectively). The trend in the decreased risk of
severe dysplasia with the increasing serum retinol level was
also statistically significant (P=0.01).

Diaussion

There was a discrepancy between the dietary and serum
results. High levels of dietary vitamin A (retinol and
carotene) were found to be related to an increased risk of
cervical dysplasia, whereas serum level of retinol was related
to a decreased risk.

Our study supports various associations reported pre-
viously with cervical cancer or dysplasia, e.g. those of marital
status and reproductive factors. However, our findings on
dietary and serum retinol levels were inconsistent with those
of previous studies, most of which have indicated that low
levels of dietary intake of beta-carotene (Marshall et al.,
1983; Wylie-Rosett et al., 1984; Liu et al., 1993) are
associated with an increased risk of in situ cervical cancer
or dysplasia. Only one study observed a high risk associated
with a high intake of beta-carotene (De Vet et al., 1991) and
none with a high intake of retinol or vitamin A.

As our assessment of nutrients based on intake amounts
during the past week may not have accurately reflected
dietary intakes at the relevant time, we tested the validity of
the dietary questionnaire in a different sample of healthy
women by using data from 12 daily food records at about 1

month intervals over a year. The Pearson correlation
coefficients comparing nutrient intake estimates from the
questionnaire with the average intakes from 12 daily food
records were 0.14 for retinol, 0.37 for carotene and 0.18 for
vitamin A. Positive associations between dietary intakes of
retinol, carotene and vitamin A 5 and 10 years earlier and
risk of cervical dysplasia were still observed and dose-
response relationships of carotene and vitamin A intakes to
the risk of dysplasia were more prominent 5 and 10 years
earlier, though remotely recalled diet could not be validated.

Table IV Odds ratios (ORs) and 95% confidence intervals (CIs) for cervical dysplasia
according to nutrient intake and serum retinol level

Nwnber of Adjusteda
Variables caseslcontrols OR (95% CI) OR (95% CI)
Dietary intake for 1 week

Retinol (ug)
< 665 30/46 1.00 1.00
665-1183 51i45 1.76 (0.94-3.31) 2.08 (0.97-4.43)
> 1183 56/46 1.93 (1.02-3.62) 1.98 (0.97-4.04)
Trend P = 0.05 P = 0.08

Carotene (ug)
<17383 3746 1.00 1.00
17383-33537 50 45 1.45 (0.78-2.70) 1.39 (0.67-2.87)
>33 537 50/46 1.46 (0.75-2.82) 1.74 (0.80-3.80)
Trend P= 0.28 P = 0.17

Vitamin A (IU)
< 13 583 35,45 1.00 1.00
13 583-25 024 45/47 1.31 (0.70-2.43) 1.23 (0.59-2.57)
>25024 57/45 1.77 (0.93-3.39) 2.45 (1.11-5.38)
Trend P = 0.08 P= 0.03

Serum level
Retinol (ngml-')
< 584 63/46 1.00 1.00
584-690 35,45 0.56 (0.31-1.02) 0.61 (0.30-1.21)
>690 39/46 0.61 (0.34-1.09) 0.56 (0.28-1.12)
Trend P = 0.09 P = 0.10

aAdjusted for age at first marriage, number of births and menopausal status.
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The observed associations with diet may be due to recall bias
if cases were unwilling to accept the possible linkage of their
disease conditions to their dietary habits and exaggerated
both present and past intake levels. Cases may have been
more careful to recall the diet and less forgetful of the foods
eaten than controls. It is also possible that cases may have
changed their dietary habits between learning the results of
Pap tests and the interview.
We found significantly lower serum level of retinol among

women with cervical dysplasia, although an inverse associa-
tion of serum retinol level by tertile with risk of cervical
dysplasia was not statistically significant. The numbers in our
study were relatively small, and the power for detecting the
observed ORs for serum retinol levels at 5% significance level
was about 62%. Numerous studies have found a reduction in
serum beta-carotene but not retinol levels in women with
cervical cancer or dysplasia (Harris et al., 1986; Basu et al.,
1991; Batieha et al., 1993; Palan et al., 1988). Retinoids are
essential for maintaining normal epithelium morphology and
function. Experimental animal studies have demonstrated
that retinoids modulate the cervical epithelium differentiation
(Gorodeski et al., 1989; Darwiche et al., 1994). The simple
columnar epithelium in the mouse undergoes squamous
metaplasia in response to vitamin A deficiency (Darwiche et
al., 1993). Lower concentration of cellular retinol-binding
protein and cellular retinoic acid-binding protein have been
detected in human cervical tissues with cervical intraepithelial
neoplasia (Romney et al., 1981; Wylie-Rosett et al., 1984). A
beneficial effect of retinoids as chemopreventive agents has
been suggested in several clinical trials of cervical neoplasia
(Surwit et al., 1982; Lippman et al., 1992; Meyskens et al.,
1994). Our finding does not contradict existing knowledge
about the role of retinol in carcinogenesis. A lack of inverse
association between serum retinol level and the risk in the
previous studies has been suggested to be due to homeostatic
regulation of serum retinol level. Stability of serum retinol
level have been noted among general population in most of
the epidemiological studies (Ito et al., 1991; Hebert et al.,
1994; Hallfrisch et al., 1994).

The observed inverse association might be a metabolic
consequence of cervical dysplasia, particularly since this was
most marked with severe dysplasia. However, regression of
cervical dysplasia, especially mild/moderate dysplasia, is
frequently observed in the clinical courses (Montz et al.,
1992). We cannot deny the opposite hypothesis that serum
retinol determines the stage of dysplasia.

To clarify the causal relationship of serum level of retinol
to cervical cancer or dysplasia, prospective studies are
needed. Batieha et al. (1993) conducted a nested case-
control study of cervical cancer and reported that carotenoids
and :- and #-carotene, but not retinol, were related to the
risk.

Although we could not obtain fasting blood sample, the
diet just before the blood collection might not affect serum
retinol level because of its stability. In any event, it is unlikely
that lower retinol levels in cases reflect a lower dietary intake
just before the blood sampling.

The observed associations may be confounded by other
variables. We could not collect detailed information on sexual
behaviour, such as age at first intercourse and number of
sexual partners or HPV infection that are known to be
related to cervical cancer or dysplasia. We asked only the
frequency of sexual intercourse and found no relationship.
However, age at first intercourse and number of sexual
partners have not been indicated in previous studies as
confounders in the relationship between dietary or serum
levels of micronutrients and risk of cervical dysplasia or
cancer. We infer that age at first marriage which was
significantly associated with the risk in this study may be
related to sexual behaviour. Adjustment for this variable did
not affect the results. Associations between HPV infection
and dietary or serum levels of micronutrient were examined
by Liu et al (1993), Potischman et al (1991) and Basu et al
(1991), and none of them found a relationship. However,
recent laboratory data showed that human keratinocytes
immortalised by transfection with HPV type 16 DNA were
sensitive to growth inhibition by retinoic acid, and mRNA
levels for HPV oncogenes were reduced by retinoic acid
treatment (Pirisi et al., 1992; Kahn et al., 1993). Our finding
of an inverse association of serum retinol level with cervical
dysplasia, suggests that further investigation of the matter
would be worthwhile.
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