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Abstract
The objective of this research was to evaluate the
association between serum carotenoids and cervical
intraepithelial neoplasia (CIN) among Southwestern
American Indian women. Cases were American Indian
women with biopsy-proven CIN II/III cervical lesions
(n � 81) diagnosed between November 1994 and October
1997. Controls were American Indian women from the
same clinics with normal cervical epithelium (n � 160).
All of the subjects underwent interviews and laboratory
evaluations. Interviews evaluated demographic
information, sexual history, and cigarette smoking.
Serum concentrations of �-carotene, �-carotene,
�-cryptoxanthin, lycopene, and lutein/zeaxanthin were
measured by high performance liquid chromatography.
Cervical human papillomavirus infection was detected
using a PCR-based test. Increasing levels of �-carotene,
�-cryptoxanthin, and lutein/zeaxanthin were associated
with decreasing risk of CIN II/III. In addition, the
highest tertiles of �-cryptoxanthin (odds ratio � 0.39,
95% confidence interval � 0.17–0.91) and
lutein/zeaxanthin (odds ratio � 0.40, 95% confidence
interval � 0.17–0.95) were associated with the lowest risk
of CIN. In conclusion, specially targeted intervention
efforts to increase consumption of fruits and vegetables
may protect Southwestern American Indian women from
developing CIN.

Introduction
Although extensive evidence exists for a role of fruits and
vegetables in lowering the risk of human cancers (1), the
association of carotenoids and cancer is considerably less clear.
Carotenoids are obtained from fruits, vegetables, fortified
foods, and nutritional supplements, and many observational and
experimental studies support a cancer preventive role for these
compounds (1, 2). However, in randomized clinical trials of
�-carotene, either no effect (3) or increased cancer incidence
among high-risk subjects (4, 5) was reported. To date, the
majority of the research has focused on �-carotene and epithe-
lial cell cancer, whereas relatively few studies have investigated
the association of other carotenoids with cancer. In addition, a
major limitation of many observational studies is reliance on
dietary self-report, which has many potential sources of error
and bias (6). Conversely, serum carotenoid concentrations pro-
vide an objective exposure assessment and improved confi-
dence in observed associations.

Cervical cancer, a common epithelial cell cancer, is the
second most common cancer in women (7) and disproportion-
ately affects minority women (8). Although cervical cancer
rates have declined in recent years, American Indian women in
New Mexico continue to have higher rates of cervical cancer
(11.1/100,000) compared with United States black (10.9/
100,000) and white women (8.4/100,000) during 1994–1998
(8). Although much CIN3 research has focused on infectious,
reproductive, and contraceptive risk factors, less is known
about the role of dietary factors in the development of CIN.
Studies (9–12) of CIN and carotenoids indicate that low con-
centrations of selected serum carotenoids (�-carotene, �-caro-
tene, lycopene, zeaxanthin, and �-cryptoxanthin) are associated
with an increased risk of CIN. Although a dietary survey of one
Southwestern American Indian tribe reported that fruits and
vegetables were consumed less than once per day (13), no
studies have been done to evaluate serum carotenoid concen-
trations associated with the increased risk of CIN in this pop-
ulation. The objective of this study was to investigate the
association of serum concentrations of �-carotene, �-carotene,
�-cryptoxanthin, lycopene, and lutein/zeaxanthin with the risk
of CIN among Southwestern American Indian women.

Materials and Methods
This study is a subanalysis of a larger case control study
evaluating risk factors for CIN (14). We briefly present the
methods for this subanalysis. We enrolled American Indian
women who were evaluated at three IHS facilities in New
Mexico. Cases were women with histologically proven CIN II
and CIN III, ages 18–45 years, and not pregnant. Controls were
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women with normal cervical epithelium, ages 18–45 years, and
not pregnant. In addition, controls were required to have had
histories of all normal Pap tests, documented by review of their
medical records. Controls for this subanalysis were randomly
chosen from all of the controls in the larger study in a 2
controls:1 case ratio.

We enrolled subjects during a 3-year period, November
1994 through October 1997. Study participation among eligible
study subjects was high, with only 48 refusals (6.2% of the total
eligible subjects who were invited into the larger study). All of
the study subjects were paid 20 dollars for their time for
participation in this investigation. This protocol was approved
by the National IHS Human Research Review Board as well as
by the appropriate IHS hospital health boards.

All of the participants in the larger study were asked to
provide a blood sample (99% compliance). Whole blood was
obtained using a Vacutainer system and an empty vacuum-
sealed blood tube without preservative. The blood tube was
immediately placed on ice and protected from light in an
opaque container. At the end of the work day (range, 1–6 h
after collection), serum was separated by centrifugation at 3000
rpm for 15 min, aliquoted into cryovials, and immediately
stored at �70°C. Plasma concentrations of �-carotene, �-
carotene, lycopene, lutein, and �-cryptoxanthin were measured
in one batch after completion of the study by high performance
liquid chromatography using visible, UV, and fluorescence
detection (15). A hexane extract of plasma containing tocoph-
erol acetate and retinol acetate as internal standards was evap-
orated, reconstituted, and chromatographed. Quantitation was
accomplished by comparing analyte internal standard ratios to
those from a standard curve prepared from the data produced by
chromatography of pure standards spiked with the internal
standards. Standardization was done for each batch of samples.
Quality control analysis was performed using aliquots of a
plasma pool with known mean and SD values. A high and low
quality control sample evaluated with each assay was required
to have a mean value within 2.5 SDs of the mean value
established previously.

All of the study subjects had a cervical specimen taken
with a dacron cervical swab of the endocervix and ectocervix
and placed in standard transport medium (Digene Diagnostics,
Silver Spring, MD) for identification of HPV. The presence of
HPV was determined using a reverse blot method described
previously (16).

We used logistic regression to model the relationship
between CIN and each of the five serum carotenoids: �-caro-
tene, �-carotene, �-cryptoxanthin, lycopene, and lutein/zeaxan-
thin. For these analyses, we classified our carotenoid data into
tertiles based on the distribution of the serum carotenoid values
among our control sample. A crude OR and 95% CI was
determined for the tertiles for each of the five serum carote-
noids, and the association between each carotenoid and CIN
was assessed by �2 test for trend. For all of the adjusted
analysis, we controlled for age and cervical infection with any
HPV type, because these confounders were biologically plau-
sible and have been noted to confound the relationship between
carotenoids and CIN in previous studies (9, 10). We identified
additional potential confounders based on biological plausibil-
ity, their association with both carotenoid levels and CIN, and
a change from the crude OR of 10% or more. Although most
but not all of the confounders met the criteria above for each of
the five carotenoids, we chose to build a final model for each
of the carotenoids that adjusted for the same confounders. The
additional confounders were household income (in thousands
of dollars, �$10, $10–$19, �$20) and urban versus rural

residence. Smoking is well known to reduce serum carotenoid
concentrations (17) and is, therefore, a potential confounder.
Nonetheless, smoking was not included in our final model
because �15% of our study subjects were smokers, they
smoked an average of five or less cigarettes per day, and
smoking had no effect on the crude OR. In addition, we also
evaluated smoking as a possible effect modifier of the relation-
ship between each carotenoid and CIN and found no effect
modification. We also investigated seasonality as a potential
confounder and found no relationship with serum carotenoid
concentrations. STATA software was used for all of the anal-
yses (version 6.0; STATA, College Station, TX).

Results
Most of the case and control women were 22–30 years of age,
married or living with a partner, and had completed some
education beyond high school (Table 1). The majority of the
American Indian women enrolled in this study was from south-
western tribes and were of full Indian blood quantum. Cases
were more likely to be single, have low annual family income,
and state “other” reasons for having the initial Pap smear that
led to their CIN diagnosis. In this subanalysis, HPV was a
strong risk factor for CIN (crude OR � 9.0, 95% CI � 4.7–
17.5).

Mean values in �g/dl (SDs) for the carotenoids among

Table 1 Demographic characteristics of study subjects, American Indian
dysplasia study, 1994–1997

Controls (n � 160)
No. (%)

Cases (n � 81)
No. (%)

Ps

Age (years)
18–21 29 (18.1) 17 (21.0) 0.86
22–30 99 (61.9) 49 (60.5)
31–45 32 (20.0) 15 (18.5)

Years of education
12 years or below 47 (29.3) 31 (38.3) 0.35
13–15 years 89 (55.6) 38 (46.9)
16� years 24 (15.1) 12 (14.8)

Annual family income
�$10,000 38 (23.8) 32 (39.5) 0.005
$10,000–$19,999 41 (25.6) 25 (30.9)
�$20,000 81 (50.6) 24 (29.6)

Marital status
Single, never married 46 (28.8) 26 (32.1) 0.03
Married or with partner 106 (66.2) 45 (55.6)
Divorced 6 (3.8) 3 (3.7)
Separated 2 (1.2) 7 (8.6)

Tribal affiliation
Southwestern 146 (91.3) 72 (88.9) 0.56
Other 14 (8.7) 9 (11.1)

Blood quantuma

Full 119 (74.4) 63 (77.8) 0.26
3⁄4 15 (9.4) 3 (3.7)
1⁄2 17 (10.6) 12 (14.8)
1⁄4 7 (4.4) 1 (1.2)
�1⁄4 2 (1.2) 2 (2.5)

Reason for screening
Family planning 0 2 (2.5) �0.001
Annual exam 140 (87.5) 45 (55.6)
Suspected STD 1 (0.6) 1 (1.2)
Planned follow-up 1 (0.6) 9 (10.8)
Otherb 18 (11.3) 24 (29.9)

a Blood quantum is amount of Indian blood reported by study subjects.
b Other reasons for screening included postpartum visits, pregnancy testing, and
vaginitis.
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cases and controls, respectively, were 14.9 (7.2) and 17.2 (9.2)
for �-carotene, 31.2 (18.2) and 36.1 (23.3) for �-carotene, 8.8
(6.6) and 9.4 (5.3) for �-cryptoxanthin, 33.6 (11.5) and 36.5
(11.3) for lycopene, and 24.1 (8.1) and 26.3 (8.4) for lutein/
zeaxanthin.

Table 2 shows the crude and adjusted association of serum
carotenoid concentrations with CIN. In the crude analysis,
increasing tertiles of �-carotene and lutein/zeaxanthin were
associated with a decreasing risk of CIN. After adjustment for
age, HPV status, income, and urban versus rural residence, a
trend for decreasing risk of CIN with increasing tertiles of
�-cryptoxanthin as well as �-carotene and lutein/zeaxanthin
was noted. The highest tertiles of �-cryptoxanthin and lutein/
zeaxanthin were associated with a 60% decreased risk of CIN
compared with the lowest tertile.

Discussion
We found that decreasing serum carotenoid concentrations
were associated with increasing risk of CIN. After adjustment
for confounding, we noted that the highest tertiles of �-cryp-
toxanthin and lutein/zeaxanthin were associated with a 60%
decreased risk of CIN.

Mean values of �-carotene, �-carotene, and lutein/zeaxan-
thin in our study of American Indian women were higher
compared with values from studies in United States (18) and
Latin American (9) women. Mean �-cryptoxanthin and lyco-
pene values were similar to those in the United States study (18)
but differed from the Latin American study (9).

Although previous reports have noted an increased risk of
CIN with low plasma concentrations of carotenoids [�-carotene
(18), �-carotene (18–20), lycopene (11, 12, 19), �-cryptoxan-
thin (11), and zeaxanthin (11)], these studies have been limited
by lack of adjustment for HPV, a well-known independent
cause of cervical neoplasia. Results of studies of serum caro-

tenoids and cervical neoplasia that adjusted for HPV are not
entirely consistent. Similar to our study findings, Nagata et al.
(10) noted a decreased risk of CIN with higher levels of
�-carotene in Japanese women. Potischman et al. (9) noted a
trend of decreasing risk of invasive cervical cancer with higher
levels of �-carotene among Latin American women. Our data
suggest a similar association with CIN, but our results did not
reach statistical significance. Our finding of a decreased risk of
CIN associated with higher levels of �-cryptoxanthin and lu-
tein/zeaxanthin has not been noted in other HPV-adjusted stud-
ies that have evaluated these carotenoids (9, 10). Unlike our
study, Nagata et al. (10) reported an association between high
levels of lycopene and a decreased risk of CIN. In summary,
high serum carotenoids appear to be associated with a de-
creased risk of cervical neoplasia, although the association with
individual carotenoids may differ because of adjustment for
different confounders and different dietary habits among di-
verse populations.

Although many previous studies have suggested the role
of carotenoids as a risk factor for CIN, only one earlier study
evaluated this relationship in American Indian women. This
study (21) documented a nonsignificant increased risk of CIN
among women with the lowest levels of carotene. Our study
suggests the importance of low serum carotenoid levels and
increased risk of CIN among American Indian women, a pop-
ulation at particularly high risk of cervical neoplasia.

Low serum carotenoid concentrations may be associated
with the risk of developing CIN for several reasons. Carote-
noids are found in deeply pigmented fruits and vegetables such
as carrots, tomatoes, cruciferous vegetables (broccoli and spin-
ach), peaches, oranges, and cantaloupes (22). Thus, serum
carotenoid concentrations may serve as a biomarker of fruit and
vegetable intake. For example, lutein/zeaxanthin may be an
indicator of cruciferous vegetable intake with other compounds

Table 2 Serum carotenoid concentrations as associated with cervical intraepithelial neoplasia; American Indian dysplasia study, 1994–1997

Carotenoids
Controls n � 160

No. (%)
Cases n � 81

No. (%)

Crude Adjusted**

OR 95% CI OR 95% CI

�-Carotene (�g/dl)
6.5–12.7 53 (33.1) 42 (51.8) 1.0 1.0
12.8–18.0 53 (33.1) 21 (25.9) 0.50 0.26–0.96 0.52 0.24–1.12
18.1–87.3 54 (33.8) 18 (22.2) 0.42 0.23–0.86 0.46 0.21–1.00
Test for trend P � 0.01 P � 0.04

�-Carotene (�g/dl)
11–24 56 (35.0) 32 (39.5) 1.0 1.0
25–38 51 (31.9) 33 (40.7) 1.13 0.61–2.1 0.96 0.45–2.03
39–174 53 (33.1) 16 (19.8) 0.53 0.26–1.1 0.46 0.20–1.07
Test for trend P � 0.10 P � 0.08

�-Cryptoxanthin (�g/dl)
2.2–6.4 55 (34.4) 34 (42.0) 1.0 1.0
6.5–10.3 52 (32.5) 31 (38.3) 0.96 0.52–1.79 0.80 0.38–1.69
10.4–30.3 53 (33.1) 16 (19.7) 0.49 0.24–0.99 0.39 0.17–0.91
Test for trend P � 0.06 P � 0.03

Lycopene (�g/dl)
14.8–30.7 53 (33.1) 37 (45.7) 1.0 1.0
30.8–40.7 54 (33.8) 25 (30.9) 0.66 0.35–1.25 0.88 0.41–1.89
40.8–69.8 53 (33.1) 19 (23.4) 0.51 0.26–1.00 0.85 0.38–1.91
Test for trend P � 0.05 P � 0.69

Lutein/Zeaxanthin (�g/dl)
12–21 49 (30.6) 34 (42.0) 1.0 1.0
22–28 55 (34.4) 31 (38.3) 0.81 0.44–1.51 0.60 0.28–1.28
29–76 56 (35.0) 16 (19.7) 0.41 0.20–0.84 0.40 0.17–0.95
Test for trend P � 0.02 P � 0.03

a Adjusted for age, cervical infection with any type of HPV, income, and urban vs rural residence.
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in these vegetables producing the biological effect of reducing
the risk of CIN (23). Alternatively, serum carotenoids may play
a direct role in the pathogenesis of CIN. Serum carotenoids are
well known for their antioxidant properties and may scavenge
free radicals that can induce carcinogenesis through DNA dam-
age (17). In addition, low serum carotenoid concentrations may
interfere with DNA repair associated with malignant cell trans-
formation (17).

Our study had several potential limitations. Some of these
limitations include lack of blinding of interviewers to case or
control status of the subjects. We included American Indian
women from tribes outside of the Southwest (�10% of all of
the study subjects). The proportion of nonsouthwestern tribal
subjects is not large enough to allow broad generalization of our
findings to all of the American Indian groups. We found high
correlation among the five carotenoids we measured (especially
�-carotene and �-carotene; r2 � 0.69), making it difficult to
isolate the effect of one individual carotenoid compound. This
may limit our conclusions about the effects of individual caro-
tenoids on the risk of CIN. Lastly, analyses of serum carote-
noids are often adjusted for serum lipid levels, because caro-
tenoids are transported by cholesterol-rich lipoproteins in
circulation. Therefore, higher lipoprotein concentrations result
in higher carotenoid concentrations, independent of dietary
intake or total body pool. We were unable to perform this
adjustment, because serum lipid levels were not available on
our subjects. Given that no evidence exists that serum choles-
terol levels are associated with CIN, this lack of adjustment
should introduce only random error into our exposure meas-
urement and may attenuate our ability to find associations.

Because the role of infectious, reproductive and contra-
ceptive risk factors in the development of CIN has been better
defined over the past decade, the impact of dietary risk factors
has received more attention. Our study confirmed previous
research documenting a significant role of low serum carote-
noids in the development of CIN. In addition, our findings add
to the growing body of evidence indicating diets high in fruits
and vegetables (and carotenoids in food) reduce the risk of
several cancers (1, 2). American Indian women in the South-
west may have dietary patterns that put them at unusually high
risk for CIN and require specially targeted intervention efforts.
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