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Objective: To compare carotenoid intakes between hormone users and nonusers in a nationally represen-
tative sample of US women by demographic and lifestyle characteristics and to identify those with potentially
greater risk for disease.

Design: Data from the 1987 National Health Interview Survey’s—Epidemiology Supplement food frequency
questionnaire were linked to the USDA-NCI Carotenoid database to estimate mean total and specific carotenoid
intakes.

Subjects: Women (n = 8,962) were grouped by menopausal status and classified by hormone use into
premenopausal oral contraceptive users/nonusers (n = 5,918) and postmenopausal estrogen replacement hor-
mone users/nonusers (n = 3,044),

Statistical Analyses Performed: Mean carotenoid intakes and standard errors were weighted using
SUDAAN and adjusted for potential confounding factors using multiple linear regression analysis. Statistically
significant differences were at p values <0.01.

Results: Compared to nonusers, oral contraceptive users had lower specific carotenoid intakes. Demographic
and lifestyle characteristics differed between oral contraceptive users/nonusers and were examined in relation to
carotenoid intakes. More oral contraceptive users than nonusers were married, highly educated, drank alcoholic
beverages, and smoked. After adjustment for these factors in a multiple linear regression model, the associations
between oral contraceptive use and carotenoid intake remained statistically significant. Mean carotenoid intakes
were not significantly different among estrogen hormone replacement users versus nonusers.

Conclusions: Oral contraceptive users have lower dietary carotenoid intakes than nonusers. Since oral
contraceptive users smoke and drink more than nonusers, and both factors are associated with lower carotenoid

intakes, oral contraceptive users form a potential high risk group for disease.

INTRODUCTION

Epidemiologic evidence suggests that a diet rich in fruits
and vegetables reduces risk of cancer and cardiovascular dis-
ease [1-4]. The antioxidant properties of some constituents of
fruits and vegetables may contribute to this reduction. Provita-
min A and non-provitamin A carotenoids can function as
antioxidants by quenching singlet oxygen and neutralizing free
radicals [5]. Normal cellular metabolism and oxidative stres-
sors such as cigarette smoking or alcohol consumption are
sources of free radical species [6]. Carotenoids interact with

free radicals to produce more stable, less reactive, carbon-
centered species [7]. Thus, carotenoids may prevent DNA
damage directly induced by free radicals or may interfere with
the normal metabolic activation of chemical carcinogens in the
body [6]. In addition, the provitamin A activity of a-carotene,
B-carotene, and B-cryptoxanathin, which convert to retinol in
the intestine and liver, may reduce disease risk [3].

Given the frequent use of oral contraceptives and estrogen-
progestogen hormones by women, the association between
hormone use and risk of disease remains an important public
health issue. Approximately 80% of all women by age 35 have
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used oral contraceptives at some point in their lives [8, 9],
while 67% of women by age 40 to 59 have used estrogen-based
hormone replacements [10]. Long-term oral contraceptive use
may increase the risk of breast cancer [11] and may reduce the
risk of ovarian and endometrial cancers [12]. Long-term use of
hormone replacement therapies is associated with increased
risk of endometrial, ovarian, and possibly breast cancers, and
reduced risk of osteoporosis and coronary heart disease [13-
15].

Epidemiologic studies suggest an inverse association be-
tween plasma carotenoid concentrations (primarily B-carotene)
and subsequent cancer risk {16, 17]. Smoking and alcohol
consumption are associated with lower plasma S-carotene lev-
els [18, 19]. Plasma levels are lower in oral contraceptive users
compared to nonusers, and after stratification by smoking
status, the combined effect of smoking and oral contraceptive
use may result in a “synergistic reduction of plasma B-
carotene levels” [20]. Whether diet is associated with these
differences in plasma f3-carotene concentration remains to be
determined.

In 1987, the National Health Interview Survey (NHIS) was
administered to a nationally representative sample of the US
population to collect data on dietary intake and cancer risk
factors such as smoking and hormone use. Specific and total
carotenoid intakes were calculated by linking the United States
Department of Agriculture—National Cancer Institute (USDA-
NCI) carotenoid food composition database to the 1987 NHIS
food frequency questionnaire (FFQ). The objectives of this
paper are to evaluate differences in mean specific and total
carotenoid intakes between pre- and postmenopausal hormone
users and nonusers, after adjustment for demographic and life-
style characteristics and to identify those with greater risk for
disease.

MATERIALS AND METHODS

NHIS Methods

The 1987 National Health Interview Survey included a
‘Cancer Epidemiology Study Supplement’ sponsored and de-
signed by the NCI [21]. This supplemental questionnaire in-
cluded basic health and demographic information such as diet,
smoking, drinking, occupational status, and cancer history. A
representative sample of households within the 48 contiguous
United States was selected from geographically defined pri-
mary sampling units using a stratified multistage cluster sam-
pling frame. This sampling procedure was designed to ensure
the representativeness of the target population to the civilian,
non-institutionalized US population. Experienced interviewers
from the Census Bureau administered in-home interviews to
one randomly selected adult age =18 years in each household.
The overall response rate to this supplemental questionnaire
was 82% [21].
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The semi-quantitative, 60-item version of a Block food
frequency questionnaire (FFQ), part of the Cancer Epidemiol-
ogy Study Supplement, asked about an individual’s reported
usual frequency of intake (and portion size) of each item for the
past year {22]. The questionnaire was validated against multiple
dietary records in middle aged women [23], and in younger
Black and White men and women age 25 to 50 years [24].
Further details describing the administration, collection, and
validation methods are reported elsewhere {22, 25]. In this
paper, data analysis focused on Black and White (n = 8,962;
83% White, 17% Black) women aged 18 to 69 years, and
excluded Hispanics and other minorities due to small sample
sizes and the difficulty in reporting ethnic-specific foods in the
FFQ.

Estimation of dietary carotenoid intakes. All carotenoid-
rich food items in the FFQ (fruits, vegetables, and mixed dishes
containing them) were linked to the USDA-NCI carotenoid
food composition database to determine their specific carote-
noid content (a-carotene, [3-carotene, B-cryptoxanthin, lutein
plus zeaxanthin, and lycopene) {26]. For each carotenoid-rich
questionnaire item in the FFQ (e.g., tomatoes, tomato juice), a
set of foods representing that questionnaire item was identified
from 24-hour recalls in National Health and Nutrition Exami-
nation Survey (NHANES) II [27]. The frequency of intakes of
these grouped foods from NHANES II was calculated and
weighted to reflect the total US population by age and gender.
The specific carotenoid value for each food in the questionnaire
item was then multiplied by this weighted frequency from
NHANES I. Then, the respondent’s reported item-specific
frequency of intake during the past year and reported portion
size were multiplied by the weighted individual carotenoid
values for all questionnaire items. The sum of the respondent’s
item specific carotenoid intakes over the year was averaged to
estimate daily dietary intakes (mg/day). Finally, a total carote-
noid intake was estimated from the sum of the five specific
carotenoid intakes [28, 29].

Variable Definition

All women (n = 8,962) were grouped by menopausal status
based on their response to specific questions and classified as
premenopausal (n = 5,918) or postmenopausal (n = 3,044).
Postmenopausal women had stopped their menses from natural
causes. Premenopausal women were classified as oral contra-
ceptive users if they reported ever using them for > 30 days.
Postmenopausal women were classified as estrogen hormone
users if they reported ever using estrogen replacement pills >
30 days. Past use of any oral contraceptives was noted. Specific
brands of hormone preparations were not identified in the 1987
NHIS. Subjects with a reported body mass index < 17 or > 50
kg/m* were below the 1st or above the 99th percentile and were
excluded.
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Statistical Analysis

This survey was a complex design involving multistage
stratified sampling. Ali analyses were computed with observa-
tions weighted by their sample weights and with standard errors
and tests of significance estimated by accounting for stratifica-
tion, clustering and weighting of the sample selection in NHIS.
The sample weights were derived from a probability sampling
procedure and adjusted for non-response and standardization to
US population. The software package SUDAAN, (SUDAAN,
ver 6.0, Research Triangle Park, NC) was used in all data
analyses to account for the complex survey design.

In the initial analysis, demographic and lifestyle character-
istics of oral contraceptive users and nonusers, and of estrogen
hormone replacement users and nonusers, were compared using
the Chi-square test for independence. The following variables
were categorized: education (08, 9-12, 13+ years), income
(<<$20,000, =$20,000), body mass index (17-21, 22-26, 27~
32, 33-50 kg/m?), alcohol consumption (0, 1-6, 7+ drinks/
week), cigarette smoking (never, former, current), race (Black,
White) and parity (ever/never delivering a live born infant).
Next, the unadjusted mean carotenoid intakes were calculated
for both oral contraceptive and estrogen replacement hormone
users and nonusers.

Using multiple linear regression analysis, demographic and
lifestyle factors that varied by hormone use were entered into a
model with mean carotenoid intakes as the dependent variable.
Age remained as a continuous variable in the model. Tests for
interactions between hormone use and smoking, as well as
hormone use and drinking were performed. Adjusted means
were calculated by taking a weighted average over the pre-
dicted values of the observations derived from the regression
model, where each observation was assigned to the category for
which the mean was being computed. These adjusted means
were analogous to the least square means in SAS, except the
sample weights were used in the computation.

The standard errors for the adjusted means were computed
by appropriately combining the variances and covariances of
the coefficients in the fitted regression model. All reported
differences were considered statistically significant with a two
sided p value < 0.01. This p value was chosen to protect
against inflated Type I errors due to multiple comparisons.
Since the food frequency questionnaire provided a relative
measure of intake, not an individual’s absolute quantitative
intake, the reported estimated mean carotenoid intakes were
used only for comparison between subgroups and not used to
estimate absolute values of consumption.

RESULTS

Among the premenopausal women (Table 1), oral contra-
ceptive users were more frequently married, were better edu-
cated, and had a higher income compared to nonusers. More
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Table 1. Weighted Percent (Sample Size) of Premenopausal
Oral Contraceptive Users/Nonusers by Demographic and
Lifestyle Characteristics (n = 5,608)

Oral contraceptive User Nonuser Chi-square
p value

Race NS
Black 13% (765) 13% (254)

White 87% (3460)  87% (1129)

Marital status 0.0001
Married 70% (2467)  46% (568)
Widow/divorced/single  30% (1757)  54% (587)

Education 0.001
0-8 years 2% (74) 4% (57)

9-12 51% (2172)  53% (701)
13+ 47% (1979)  43% (625)

Income 0.0001
<$20,000 31% (1651)  38% (636)
=$20,000 69% (2525)  62% (725)

Body mass index NS
17-21 kg/m? 48% (1948)  43% (574)

22-26 31% (1330)  33% (451)
27-32 17% (729) 19% (284)
33-50 4% (218) 5% (74)

Birth to liveborn 0.0001
Yes 71% (3002)  52% (740)

No 29% (1221)  48% (641)

Smoking 0.0001
Former 17% (679) 12% (175)

Current 33% (1441)  25% (359)
Never 50% (2105)  63% (849)

Drinking 0.0001
7+/week 12% (544) 10% (145)
1-6/week 66% (277) 56% (787)

Never 22% (910) 34% (451)

NS = not significant.

oral contraceptive users than nonusers delivered live births,
were former or current smokers, and consumed alcohol.
Among the postmenopausal women, (Table 2) more estrogen
hormone users than nonusers were White, better educated, and
had a higher income. Estrogen hormone users had lower BMI
and consumed alcohol more frequently compared to nonusers.
For the premenopausal group, the mean age for oral contracep-
tive users was 32 years and 33 years for nonusers. In the
postmenopausal group, the mean age for estrogen hormone
users was 61 years and 60 years for nonusers. Among post-
menopausal women taking estrogen replacement hormone pills
(n = 1,176), 35% reported taking oral contraceptive pills when
they were premenopausal. Among postmenopausal women
who did not use estrogen hormone pills (n = 1,868), 41%
reported taking oral contraceptive pills earlier in life.

Mean carotenoid intakes (* standard error) among hormone
users and nonusers, after adjustment for age, hormone use,
race, education, income, alcohol, smoking, and BMI in the
multiple linear regression model, are reported in Table 3. The
unadjusted and adjusted means were very close, thus only
adjusted means are reported. Compared to nonusers, women
taking oral contraceptives reportedly consumed significantly
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Table 2, Weighted Percent (Sample Size) of Postmenopausal
Estrogen Replacement Therapy Users/Nonusers by
Demographic and Lifestyle Characteristics (n = 1,440)

Estrogen replacement User Nonuser Chi-square
p value

Race 0.0001
Black 3% (16) 12% (166)

White 97% (331) 88% (927)

Marital status NS
Married 72% (201) 66% (549)
Widow/divorced/single  28% (145) 34% (537)

Education 0.001
0-8 years 7% (28) 14% (164)

9-12 63% (216) 62% (664)
13+ 30% (103) 24% (265)

Income 0.01
<$20,000 38% (150)  48% (606)
2$20,000 62% (189) 52% (464)

Body mass index 0.0001
17-21 kg/m? 27% (97) 22% (246)

22-26 44% (148) 38% (409)
27-32 26% (93) 29% (319)
33-50 3% (9) 11% (119)

Birth to liveborn NS
Yes 86% (293) 88% (946)

No 14% (52) 12% (147)

Smoking NS
Former 23% (84) 19% (215)

Current 24% (87) 28% (306)
Never 53% (176) 53% (572)

Drinking 0.0001
7+/week 15% (44) 9% (94)
1-6/week 50% (172) 43% (463)

Never 35% (131)  48% (536)

NS = not significant,

lower amounts of a-carotene (14%), B-carotene (10%), B-cryp-
toxanthin (21%), lutein (9%), lycopene (9%), and total carote-
noids (9%). No significant differences in adjusted carotenoid
intakes by estrogen replacement hormone use were seen. All
tests for interactions between smoking, alcohol use, and hor-
mone use within each pre- or postmenopausal group were not
statistically significant.

Carotenoid Intake Among Hormone Users

DISCUSSION

Compared to nonusers, oral contraceptive users reported
lower specific and total dietary carotenoid intakes, both before
and after adjustment for confounding variables. Education,
alcohol use, and smoking status were associated with oral
contraceptive use and dietary carotenoid intakes.

It is unclear why carotenoid intake differences remained
between oral contraceptive users and nonusers after adjustment
for recognized confounders. The characteristic profiles of oral
contraceptive users and nonusers in this study were similar to
the profiles reported in earlier research {30-32]. Earlier reports
indicated that oral contraceptive users were more likely to be
thinner, better educated, have a higher income level, to be
married, have a greater number of children, and drink alcohol
more frequently than nonusers [30-32].

In this study, estrogen hormone replacement use among
postmenopausal women was not associated with differences in
carotenoid intakes after adjustment for potential confounders.
Estrogen users are reported to be thinner, younger, to exercise
more regularly, to have a higher income and level of education,
to smoke and consume alcohol less frequently, and have lower
serum cholesterol levels compared to nonusers {33, 35]. In a
study of 179 women with naturally occurring menopause, 40%
of the estrogen users reported past use of oral contraceptive
products during their reproductive years compared to 18% of
the nonusers of estrogen {31}. The postmenopausal women in
our study were slightly different from the above mentioned
studies. Estrogen users and nonusers in the NHIS popuiation
sample did not significantly differ by age, marital status, num-
ber of liveborn children, or smoking status. Moreover, 35% of
women who reported using estrogen replacement hormones
had used birth control pills previously, compared to 41% of the
nonusers of estrogen hormones. Perhaps these demographic
and lifestyle similarities of the estrogen replacement hormone
users and nonusers in the NHIS partially account for the ab-
sence of differences in carotenoid intakes.

Compared to non-users, oral contraceptive users have lower
plasma B-carotene levels; while smokers who take oral contra-

Table 3. Adjusted! Mean * SE (mg/day). Carotenoid intake by Hormone User Group: Premenopausal Oral Contraceptive Group
(n = 5,608) and Postmenopausal Estrogen Hormone Replacement Group (n = 1,440)

Carotenoids
Hormone users
a-carotene B-carotene B-cryptoxanthin lutein lycopene total carotenoids

Oral contraceptive

Non-user 32+ .01 265+ .01 .03 = .001 2.18 £ .06 2.15 = .06 7.33* .18

User .28 = 01% 2.39 = 01f .02 + .006% 1.98 = .09% 1.97 = .02¢ 6.66 + .18+
Estrogen hormone

Non-user 32+ .01 3.14 = .09 .03 = .002 243 x 08 221+ .08 8.21 * 21

User 34 = .02 337=*.13 .03 = .003 2.51 = .10 2.16 = .09 834 + 29

P value £ = <0.0001; + = <0.001.

! Adjustment variables include: age, hormone use, race, education, alcohol, smoking, income, and BMI.
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ceptives have synergistically lower plasma levels than non-
smoking, nonusers [20]. Because dietary data were not col-
lected in the above study, the association between oral
contraceptive use and plasma carotenoid levels could be con-
founded by dietary carotenoid intake as well as intake of fat,
fiber, and alcohol, all of which are recognized factors influenc-
ing plasma carotenoid levels {18-20, 35-39].

Plasma lycopene, a- and B-carotene are transported pre-
dominantly by low-density lipoproteins (LDL), while lutein is
transported more equally by LDL and high-density lipoprotein
(HDL.) fractions [37]. Estrogen and progestogen components of
oral contraceptive agents alter plasma lipoprotein levels [39,
40]. Progestin decreases HDL and increases LDL plasma lev-
els, while estrogens have the opposite effect [39, 40]. Thus,
hormone use may possibly affect plasma carotenoid concentra-
tions through its direct effect on circulating lipoprotein frac-
tions. Plasma samples were not collected in the 1987 NHIS
sample in order to test this hypothesis. Further research is
needed to clarify the association between diet, oral contracep-
tive use, and plasma carotenoid levels.

Finally, there are several limitations to our analysis. Any
multi-purpose food frequency questionnaire (FFQ) that is part
of a large scale population survey may not capture all foods
eaten by a specific population group compared to 24-hour
dietary food records [41]. All foods that contribute to the total
carotenoid intake in the US are not included in any FFQ, which
also limits the interpretation of these findings [28]. The Block-
designed FFQ used in the 1987 NHIS was carefully pretested in
a pilot study for validity and was administered by profession-
ally trained census bureau staff to improve the accuracy of data
collection and help reduce potential bias [22-25]. Therefore,
this paper represents the only currently available national sur-
vey data that includes data on diet and historical and current use
of oral contraceptives and estrogen hormones in US women.

For the first time we report differences in carotenoid intake
between oral contraceptive users and nonusers after adjustment
for confounding factors. This finding has implications for the
possible confounding role of dietary carotenoid intakes in the
oral contraceptive-plasma carotenoid association.

CONCLUSIONS

In a nationally representative sample, premenopausal
women who use oral contraceptives reportedly smoke and
drink more frequently and also have lower dietary carotenoid
intakes than nonusers. The combination of these factors may
compromise plasma carotenoid levels, but further research is
needed to clarify these associations. While oral contraceptive
users appear to be different from nonusers in lifestyle charac-
teristics, health status, and dietary carotenoid intakes, such
differences were not evident in postmenopausal estrogen hor-
mone replacement users. Should future research identify that
diet is a true confounder of the oral contraceptive-plasma

612

carotenoid association, then dietary intervention programs to
enhance carotenoid-rich food intake could be considered for
this population subgroup.

ACKNOWLEDGMENTS

The authors extend their gratitude to Timothy W. Marr and
Lisa L. Kahle, Information Management Services, Silver
Spring, MD for their assistance with the NHANES 1II and
USDA-NCI Carotenoid Food Composition database.

REFERENCES

1. LeMarchand L, Hankin JH, Kolonel LN, Beecher GR, Wilkens
LR, Zhao LP: Intake of specific carotenoid and lung cancer risk.
Cancer Epi Bio Prevention 2:183-187, 1993.

2. Block G, Patterson B, Subar A: Fruit, vegetables, and cancer
prevention: A review of the epidemiological evidence. Nutr Cancer
18:1-29, 1992.

3. van Poppel G: Carotenoid and cancer: An update with emphasis on
human intervention studies. Eur J Cancer 29A:1335-1344, 1993.

4. Negri E, LaVecchia C, Franceschi S, D’Avanzo B, Parazzini F:
Vegetable and fruit consumption and cancer risk. Int J Cancer
48:350-354, 1991.

5. Kirinsky NI: Mechanism of action of biological anti-oxidants. Proc
Society Exp Biol Med 200:248-254, 1992.

6. Halliwell B: Free radicals, antioxidants, and human disease: curi-
osity, cause, or consequence. Lancet 344:721-724, 1994,

7. Stahl W, Sies H, Sundquist AR: Role of carotenoid in anti-oxidant
defense. In Blomhoff R (ed): Vitamin A in Health and Disease.
New York, New York: Marcel Dekker, Inc., pp 275-287, 1994,

8. National Academy of Sciences: “Oral Contraceptives and Breast
Cancer.” Committee on the Relationship Between Oral Contracep-
tives and Breast Cancer. NAS; Institute of Medicine, Division of
Health Promotion and Disease Prevention, 1990.

9. Piper JM, Kennedy DL: Oral contraceptives in the United States:
trends in content and potency. Int J Epidem 16:215-221, 1987.

10. Hemminki E, Kennedy DL, Baum C, McKinlay SM: Prescribing
of noncontraceptive estrogens and progestins in the United States,
1974-86 Am J Pub Health 78:1478-1481, 1988.

11. Brinton LA, Daling JR, Liff JM, Schoenberg JB, Malone KE,
Stanford JL, Coates RJ, Gammon MD, Hanson L, Hoover RN:
Oral contraceptives and breast cancer risk among younger women.
J Natl Cancer Inst 87:827-835, 1995.

12. Schlesseman JJ: Net effect of oral contraceptive use on the risk of
cancer in women in the United States. Obstetrics and Gynecology
85:793-801, 1995.

13. Hulka BS, Liu ET, Lininger RA: Steroid hormones and risk of
breast cancer. Cancer 74:1111-1124, 1994,

14. Colditz GA, Hankinson SE, Hunter DJ, Willett WC, Manson JE,
Stampfer JM, Hennekens C, Rosner B, Speizer FE: The use of
estrogens and progestins and the risk of breast cancer in postmeno-
pausal women. N Engl J Med 332:1589-1593, 1995.

15. Goddard MK: Hormone replacement therapy and breast cancer,

VOL. 15, NO. 6




endometrial cancer and cardiovascular disease: risks and benefits.
Br J General Practice 42:120-125, 1992.

16. Comstock GW, Helzelsour K, Bush TL: Prediagnostic serum lev-
els of carotenoids and vitamin E as related to subsequent cancer in
Washington County, Maryland. Am J Clin Nutr 53:260S-264S,
1991.

17. Comstock GW, Bush TL, Helzelsour X: Serum retinol, beta-
carotene, vitamin E and selenium as related to subsequent cancer
of specific sites. Am J Epidemiol 135:115-121, 1992.

18. Rimm E, Colditz G: Smoking, alcohol, and plasma levels of
carotenes and vitamin E. Ann N Y Acad Sci 686:323-334, 1993.

19. Forman MR, Beecher GR, Lanza E, Reichman ME, Graubard BI,
Campbell WS, Marr T, Yong LC, Judd JT, Taylor PR: The effect
of alcohol consumption on plasma carotenoid concentrations in
premenopausal women: a controlled diet study. Am J Clin Nutr
62:131-135, 1995.

20. Palan PR, Romney SL, Vermund SH, Mikhail MG, Basu J: Effects
of smoking and oral contraceptives on plasma B-carotene levels in
healthy women. Am J Obstet Gynocol 161:881-885, 1989.

21. National Center for Health Statistics: Vital and Health Statistics:
“Design and Estimation for the National Health Interview Survey
1985-1994.” Series 2: Data Evaluation and Methods Research, No.
110. DHHS(PHS) Pub. No. 89-1384, August 1989.

22. Block G, Subar AF: Estimates of nutrient intake from a food
frequency questionnaire: The 1987 National Health Interview Sur-
vey. J Am Diet Assoc 92:969-977, 1992.

23. Block G, Woods M, Potosky A, Clifford C: Validation of a
self-administered diet history questionnaire using multiple diet
records. J Clin Epidemiol 43:1327-1335, 1990.

24. Block G, Thompson FE, Hartman AM, Larkin FA, Guire KE:
Comparison of two dietary questionnaires validated against mul-
tiple dietary records collected during a 1-year period. J Am Diet
Assoc 1992;92:689-693.

25. Block G, Hartman AM, Naughton D: A reduced dietary question-
naire: development and validation. Epidemiology 1:58-64, 1990.

26. Mangels AR, Holden ], Beecher GR, Forman MR, Lanza E:
Carotenoid content of fruits and vegetables: An evaluation of
analytic data. ] Am Diet Assoc 93:284-296, 1993.

27. National Center for Health Statistics: “Dietary Intake Source Data:
United States, 1976-1980.” Vital and Health Statistics, Series 11,
No 231. DHHS Pub. NO. 83-1681, Washington, DC: Govt. Print-
ing Office, 1983.

28. Chug-Ahuja JK, Holden JM, Forman MR, Mangels AR, Beecher
GR, Lanza E: The development and application of a carotenoid
database for fruits, vegetables, and selected multi-component
foods. J Am Diet Assoc 93:318-323, 1993.

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Carotenoid Intake Among Hormone Users

Forman MF, Lanza E, Yong LC, Holden JM, Graubard BI,
Beecher GR, Melitz M, Brown ED, Smith JC: The correlation
between two dietary assessments of carotenoid intake and plasma
carotenoid levels: Application of a carotenoid food composition
data base. Am J Clin Nutr 58:519-524, 1993.

Malone KE, Daling JR, Weiss NS: Oral coatraceptives in relation
to breast cancer. Epidemiol Reviews 15:80-97, 1993,

Egeland GM, Kuller LH, Matthews KA, Kelsey SF, Cauley F,
Guzick D: Premenopausal determinants of menopausal estrogen
use. Prev Med 20:343-349, 1991.

Center for Population Research Monograph: Vol. III. Chapter 1. In
Ramcharan S, Pellegrin FA, Ray R, Hsu IP: “The Walnut Creek
Contraceptive Drug Study.” NIH Publication No. 81-564, pp
1-26, 1981.

Johhannes CB, Crawford SL, Posner JG, McKinlay SM: Longitu-
dinal patterns and correlates of hormone replacement therapy use
in middle-aged women. Am J Epidemiol 140:439-452, 1994.
Matthews KA, Bromberger J, Egeland G: Behavioral antecedents
and consequences of the menopause. In Korenman SG (ed): “The
Menopause: Biological and Clinical Consequences of Ovarian
Failure: Evolution and Management.” Nada CA: Serona Symposia,
pp 1-10, 1989.

Yong LC, Forman MR, Beecher GR, Graubard Bi, Campbell WS,
Reichman ME, Taylor PR, Lanza E, Holden JM, Judd JT: Rela-
tionship between dietary intake and plasma concentrations of caro-
tenoids in premenopausal women: application of the USDA-NCI
carotenoid food composition database. Am J Clin Nutr 60:223-
230, 1994.

Erdman JW: The physiologic chemistry of carotenes in man. Clin
Nutr 7:101-106, 1988.

Erdman JW, Beirer TL, Gugger ET: Absorption and transport of
carotenoids. Ann New York Acad Sci 691:76-85, 1993.

Zhou JR, Gugger ET, Erdman JW: The crystalline form of car-
otenes and the food matrix in carrot root decrease the relative
bioavailability of beta- and alpha-carotene in the ferret model. J
Am Coll Nutr 15:84-91, 1996.

Krauss RM, Burkman RT: The metabolic impact of oral contra-
ceptives. Am J Obstet Gynecol 167:1177-1184, 1992.

Seed M: Postmenopausal hormone replacement therapy, coronary
heart disease and plasma lipoproteins. Drugs 47(suppl 2):25-34,
1994,

Zulkifli SN, Yu SM: The food frequency method for dietary
assessment. J Am Diet Assoc 92:681-685, 1992,

Received October 1995, revision accepted May 1996.

613




