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Abstract
We analyzed data from the first National Health and
Nutrition Examination Survey Epidemiologic Follow-up
Study to test the hypothesis that vitamin D from sunlight
exposure, diet, and supplements reduces the risk of breast
cancer. We identified 190 women with incident breast
cancer from a cohort of 5009 white women who
completed the dermatological examination and 24-h
dietary recall conducted from 1971–1974 and who were
followed up to 1992. Using Cox proportional hazards
regression, we estimated relative risks (RRs) for breast
cancer and 95% confidence intervals, adjusting for age,
education, age at menarche, age at menopause, body
mass index, alcohol consumption, and physical activity.
Several measures of sunlight exposure and dietary
vitamin D intake were associated with reduced risk of
breast cancer, with RRs ranging from 0.67–0.85. The
associations with vitamin D exposures, however, varied
by region of residence. The risk reductions were highest
for women who lived in United States regions of high
solar radiation, with RRs ranging from 0.35–0.75. No
reductions in risk were found for women who lived in
regions of low solar radiation. Although limited by the
relatively small size of the case population, the protective
effects of vitamin D observed in this prospective study
are consistent for several independent measures of
vitamin D. These data support the hypothesis that
sunlight and dietary vitamin D reduce the risk of breast
cancer.

Introduction
The past 20 years have witnessed a tremendous renaissance in
our understanding of the biological roles of vitamin D. Al-
though “classically” vitamin D was considered as a regulator of
calcium homeostasis, it is now clear that the hormonal form of

vitamin D, 1,25(OH)2D,3 also known as calcitriol, plays far
larger roles in the regulation of cellular growth and differenti-
ation (1). Bothin vitro and in vivo studies have demonstrated
that 1,25(OH)2D regulates the growth and promotes the differ-
entiation of many types of normal and malignant cells, includ-
ing human breast cancer cells (reviewed in Ref. 2). The action
of 1,25(OH)2D is mediated through its binding to specific
intracellular receptors for 1,25(OH)2D (commonly called
VDRs) that are members of the steroid/thyroid hormone recep-
tor family (3). VDRs, in turn, bind to DNA sequences called
vitamin D response elements, which regulate the transcription
of genes involved in cell growth, differentiation, and metastasis
(4, 5).

The synthesis of 1,25(OH)2D begins with the cutaneous
production of vitamin D after exposure to sunlight or after the
intestinal absorption of vitamin D obtained from the diet (6). To
become biologically active, vitamin D must undergo two hy-
droxylation steps: (a) at the 25th carbon position, to form
25(OH)D, the major circulating metabolite of vitamin D; and
(b) at the 1a position, to form 1,25(OH)2D, the hormonal
metabolite. Thus, 1,25(OH)2D is unique among steroid hor-
mones in that the initial step in its synthesis is determined by
environmental exposures: UV radiation and, to a lesser extent,
diet.

There has been considerable recent interest in the potential
protective role of vitamin D in the etiology of breast cancer,
stimulated, in part, by promising findings in colon (7) and in
prostate (8) cancer. Like mortality rates from colon and prostate
cancers, mortality rates from breast cancer are higher in the
northeastern than in the southern United States (9) and are
inversely correlated with solar radiation (9–12). However, re-
gional differences in the prevalence of established risk factors
for breast cancer explain only part of the geographic variation
in breast cancer mortality rates (13, 14). Epidemiological find-
ings concerning the role of dietary vitamin D and breast cancer
risk are inconsistent (15, 16). Furthermore, the interpretation of
these data is unclear because, for most individuals, the majority
of vitamin D is derived from casual exposure to sunlight (17).
To our knowledge, no epidemiological studies have examined
the relation between breast cancer and sunlight exposure at the
level of the individual.

To examine more fully a possible protective role of vita-
min D on breast cancer risk, we analyzed data from a national
cohort study, the NHANES I Epidemiologic Follow-up Study.
We assessed the relation of sunlight exposure and dietary and
supplemental vitamin D intake with subsequent development of
breast cancer and report that, among women living in areas of
high solar radiation, several measures of sunlight exposure and
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dietary vitamin D intake were associated with a 25–65% re-
duction in breast cancer risk.

Materials and Methods
Study Design
NHANES I was conducted from 1971–1975 in a probability
sample of the noninstitutionalized United States population. A
wide variety of data were collected through in-person inter-
views (including sociodemographic background, medical
history, 24-h dietary recall, and supplement use), medical
examinations (including dermatological examination), and
laboratory tests (18, 19).

Adults, ages 25–74 years, including 8596 women, formed
the cohort of the NHANES I Epidemiologic Follow-up Study.
They were recontacted from 1982–1984 (20), and in 1986 (21),
1987 (22), and 1992 (23) and questioned about various health
outcomes, including breast cancer. Of these, 589 women (6.9%)
could not be traced or refused to participate in any of the four
follow-up surveys, which were conducted in-person (from
1982–1984) or by telephone (in 1986, 1987, and 1992) with
surviving individuals or proxy respondents. Medical records
were obtained for individuals who reported any hospitalizations
during the follow-up period, and death certificates were sought
for cohort members who were decreased at follow-up.

Exposure Variables
From the interview, dietary assessment, and dermatological
examination we derived the following vitamin D exposure
variables:
Usual Sunlight Exposure. Before the baseline dermatological
examination, the examining physician inquired about the
amount of time spent outdoors at work and during leisure time.
Each participant’s sunlight exposure was classified as “consid-
erable,” “moderate,” or “unimpressive.”

The 1982–1984 follow-up interview asked participants to
rate separately their usual recreational and occupational sun-
light exposure as “never,” “rare,” “occasional,” or “frequent.”
We constructed a measure of overall sunlight exposure (low,
medium, high) by classifying women with both frequent occu-
pational and recreational sunlight exposure as “high,” women
with both rare or no occupational and recreational sunlight
exposure as “low,” and the women remaining as “medium.”
Sun-induced Skin Damage.In the dermatological examina-
tion, each participant’s actinic skin damage was classified by
the physician as “absent,” “minimal,” “moderate,” or “severe.”
We used this information as a measure of sunlight exposure
because, among whites, actinic skin damage is associated with
cumulative sunlight exposure (24, 25).
Residential Sunlight Exposure.The baseline interview col-
lected information on region of residence at baseline (i.e.,
south, west, midwest, and northeast, as defined in Table 2),
state of longest residence and duration of residence in that state,
and state of birth. Since geographic latitude is an important
determinant of cutaneous vitamin D synthesis (26), we esti-
mated average solar radiation levels for each state using data
from 235 National Weather Service Stations (27). On the basis
of the tertile distribution of average daily total global radiation
measured in Langleys, solar radiation in each state was classi-
fied as low (,305), medium (305–365), or high ($366).
Dietary Vitamin D Intake. Because the NHANES I nutrient
database does not include information on vitamin D, we added
vitamin D nutrient values using a methodology developed by

Dr. Suzanne Murphy (University of California, Berkeley, CA;
Ref. 28). We cross-referenced the foods reported during the
24-h recall interview with the University of California, Berke-
ley, Minilist nutrient database, which contains nutrients, includ-
ing vitamin D, for 189 foods (29). We first updated the Minilist
with vitamin D values provided in the Provisional Table of
vitamin D content, published by the USDA in 1991 (30), and
expanded the Minilist with additional foods listed in the USDA
Provisional Table that contain vitamin D. For specific fish not
included in the USDA Provisional Table and other sources (29,
31, 32), we used substitutions for fish with similar fat content.
Fish prepared by different methods (e.g., cannedversussmoked
fish) were assigned identical values. For breakfast cereals,
many of which are fortified with vitamin D, we contacted the
major manufacturers and obtained information on amount of
vitamin D fortification and year when fortification began.
Based on the fortification practices in the early 1970s, we
assigned vitamin D values to specific brand name cereals re-
ported in the 24-h recall. Because only two types of margarine
were fortified with vitamin D in the 1970s, and because the
24-h recall did not record specific types of margarine con-
sumed, we did not assign any vitamin D to margarine. The
updated Minilist was then merged with a cross-reference file
developed by Dr. Murphy, which assigns vitamin D values to
NHANES I single foods using substitutions for NHANES I
foods not included in the Minilist and to NHANES I mixed
foods using recipes. Using this expanded nutrient database, we
estimated each individual’s vitamin D intake and, based on the
approximate tertile distribution of the analytic cohort, we clas-
sified each individual’s intake as low (,100 IU), medium
(100–199 IU), or high ($200 IU).

Although the baseline interview included a food frequency
questionnaire that assessed the usual frequency of consumption
(e.g., never, daily, weekly, or less than once a week) during the
3 months preceding the interview, it comprised only 13 food
categories (including milk, fish, and eggs), did not assess serv-
ing size, and did not distinguish between fish with high or low
vitamin D content. We, therefore, limited the dietary analysis to
the 24-h recall data.
Supplemental Intake of Vitamin D. The baseline interview
inquired about the frequency of supplement use (i.e., daily,
weekly but less than daily, or no use) and the type of supple-
ment used (e.g., multivitamins, single vitamin D), although no
information on brand name was collected. Since the public use
tape-coded only one type of supplement for each supplement
user, we obtained a file from the Department of Cancer Pre-
vention at the National Cancer Institute with complete data on
all supplements used.

Analytic Cohort
The analytic cohort was established after a series of exclusions.
Of the 8007 women, ages 25–74, who were traced and/or
participated in at least one of the four follow-up surveys, we
excluded 252 women who reported a personal history of cancer
and 1586 women without dietary or dermatological data since
this information was collected 1971–1974 only. We further
excluded 1139 nonwhite women because the number of non-
white breast cancer cases was too small for separate analysis,
and we excluded 21 women with ambiguous information on
their personal history of breast cancer. Thus, the analytic cohort
included 5009 white women. We identified 191 women with a
breast cancer diagnosis during the follow-up period, including
14 cases located through death certificates only. Because not all
hospitals participated in the submission of hospital discharge
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data, we included all self-reported breast cancer cases in the
analysis, given the high reliability of self-reported breast cancer
(33, 34).

For the dietary analyses, we excluded individuals who
were pregnant or breast-feeding at baseline (n 5 34) or preg-
nant during the 3 months preceding the baseline interview (n 5
39), as well as individuals whose dietary data were provided by
a proxy respondent (n 5 141) or were considered unsatisfactory
by the interviewer (n 5 48). The dietary analyses, therefore,
were based on 4747 white women, including 179 breast cancer
cases.

Statistical Analysis
Cox proportional hazards regression analyses were performed
to assess the relation between exposure to vitamin D from
sunlight, diet, and dietary supplements and subsequent devel-
opment of breast cancer (35). The Statistical Analysis Software
procedure PHREG was used to estimate RRs and 95% CIs and
to perform tests for trend for each exposure variable. For
women with breast cancer, we estimated the person-years of
follow-up from the date of the NHANES I interview to the
incidence date of breast cancer, defined as the date of first
hospital admission related to breast cancer for self-reports con-
firmed by hospital records, the midpoint of the self-reported
year of diagnosis (June 30) for self-reports without hospital
record confirmation, and the date of death for breast cancers
confirmed by death certificates only. For women without breast
cancer, the person-years of follow-up were estimated from the
date of the NHANES I interview to the date of last interview,
if alive, or to the date of death, if deceased. Average follow-up
for the analytic cohort was 17.3 years.

Potential confounding was evaluated for the following risk

factors: age, education (,12 years, 12,$13), income (quartiles
of poverty index), age at menarche (,12 years, 13–14 years,
$15 years), age at menopause [premenopausal,,45 years,
$45, based on the classification by Heck and Pamuk (36)],
nulliparity/age at first birth (nulliparous,,20 years, 20–24,
25–29,$30), body mass index (quartiles of measured weight in
kilograms divided by measured height in meters squared), com-
bined measure of occupational and recreational physical activ-
ity (low, medium, high), frequency of alcohol consumption
during the year preceding the baseline interview (less than once
a month or never, once a month to several times a week, almost
daily or daily), and family history of breast cancer (yes, no). For
the dietary analyses, we also evaluated confounding by calcium
intake (,300 IU, 300–599, 600–999,$1000) estimated from
the 24-h dietary recall. Age at first birth and age at menopause
were treated as age-dependent variables.

Individual adjustment for each of these variables (in ad-
dition to age) produced no evidence of confounding. To assess
the possibility of joint confounding, we performed two sets of
multivariate analyses for the subgroup of women with infor-
mation on nulliparity/age at first birth and family history of
breast cancer available from one of the follow-up surveys (142
cases and 3689 noncases). The first set of multivariate analysis
controlled for the effect for age, education, income, age at
menarche, age at menopause, nulliparity/age at first birth, body
mass index, physical activity, alcohol consumption, and family
history. The second set adjusted for the same variables except
nulliparity/age at first birth, family history, and income. Be-
cause the multivariate RRs in the two sets of analyses were
essentially the same (data not shown), we performed multiva-
riate analyses for the entire analytic cohort, adjusting for age,
education, age at menarche, age at menopause, body mass

Table 1 Sunlight exposure and breast cancer risk among white women: NHANES I Epidemiologic Follow-up Study, 1971–1975 to 1992

Breast cancer cases Age-adjusted RR (95% CI) Multivariate-adjusted RR (95% CI)a

Sun exposure determined by physician
Unimpressive 94 1.0 1.0
Moderate 75 0.89 (0.66–1.20) 0.85 (0.63–1.15)
Considerable 20 0.70 (0.43–1.14) 0.70 (0.43–1.14)
P for trend P 5 0.14 P 5 0.11

Actinic skin damage
Noneb 62 1.0 1.0
Nonec 53 0.95 (0.66–1.37) 0.92 (0.64–1.34)
Minimal 51 0.91 (0.62–1.33) 0.88 (0.60–1.29)
Moderate/severe 24 0.80 (0.49–1.31) 0.80 (0.48–1.29)
P for trend P 5 0.38 P 5 0.32

Recreational sun exposure
Rare or never 40 1.0 1.0
Occasional 55 0.70 (0.46–1.06) 0.65 (0.43–0.98)
Frequent 60 0.70 (0.47–1.05) 0.66 (0.44–0.99)
P for trend P 5 0.12 P 5 0.08

Occupational sun exposure
Rare or never 81 1.0 1.0
Occasional 44 1.05 (0.73–1.51) 1.06 (0.73–1.53)
Frequent 29 0.60 (0.39–0.91) 0.64 (0.41–0.98)
P for trend P 5 0.03 P 5 0.07

Combined recreational and occupational sun exposure
Low 32 1.0 1.0
Medium 99 0.67 (0.45–1.01) 0.81 (0.56–1.17)
High 23 0.50 (0.29–0.86) 0.67 (0.42–1.06)
P for trend P 5 0.01 P 5 0.06

a Adjusted for age, education, age at menarche, age at menopause, body mass index, frequency of alcohol consumption, and physical activity.
b No actinic skin damage and unimpressive sun exposure, as determined by the physician.
c No actinic skin damage and moderate or considerable sun exposure, as determined by the physician.
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index, physical activity, and alcohol consumption (Tables 1–5).
Adjusting the analyses of sunlight exposure for the effect of
dietary vitamin D intake and adjusting the analyses of dietary
vitamin D intake for the effect of physician-reported sunlight
exposure did not alter the results.

Results
Sunlight Exposure. Several measures of sun exposure were
associated with reduced breast cancer risk (Table 1). Risk
reductions ranged from 20–33% for women with considerable
sunlight exposure assessed by physician report (RR5 0.70),
moderate to severe sun-induced skin damage (RR5 0.80), and
frequent recreational and occupational sunlight exposure as-
sessed by self-report (RR5 0.67). For all three exposure
variables, the risk of breast cancer decreased with increasing
sunlight exposure.

Similarly, residential solar radiation was inversely associ-
ated with breast cancer risk (Table 2). Reduced risks were
found for women who lived in the south at baseline (RR5
0.71), whose longest residence was in a state of high solar
radiation (RR5 0.73), or were born in a state of high solar
radiation (RR5 0.73). Similar risk reductions were found when
we restricted the analysis to women who lived 20 or more years
(RR 5 0.73; 95% CI, 0.49–1.08) or more than half their
life-times (RR5 0.69; 95% CI, 0.45–1.04) in a state of high
solar radiation.

To distinguish between the effects of sunlight exposure

and place of residence, we stratified the analysis by solar
radiation level in the state of longest residence. We found that
physician-assessed sun exposure and actinic skin damage were
not associated with breast cancer risk in areas of low solar
radiation, whereas in regions of high solar radiation, the RRs
were 0.58 and 0.69, respectively (Table 3). Self-reported rec-
reational and occupational sun exposure, however, did not
follow this pattern, with risk reductions observed in both re-
gions of low and medium solar radiation.
Dietary Vitamin D Intake. The average intake of vitamin D
from food was slightly lower among breast cancer cases (143
IU) than noncases (148 IU). The difference, however, was not
statistically significant. Similarly, the proportion of women
with an intake of at least 200 IU was lower among cases (22%)
than among noncases (26%). Intake of at least 200 IU from food
and daily use of multivitamins were associated with RRs of
0.85 and 0.89, respectively (Table 4). The RR remained un-
changed when we restricted the high-exposure category to
women with an intake of at least 200 IU or daily use of
multivitamins (RR5 0.86).

As noted for the sun exposure variables, dietary vitamin D
intake of 200 IU or more decreased breast cancer risk only
slightly in regions of low or medium solar radiation (Table 3).
For women who lived in regions of high solar radiation, the RR
was 0.75.
Sun Exposure and Dietary Intake. When we estimated the
RR associated with a combined vitamin D exposure measure
(moderate to considerable sun exposure as assessed by physi-
cian report and a dietary vitamin D intake of at least 200 IU),
we found a slightly greater risk reduction (RR5 0.71; Table 5)
than for each of these measures individually (RR5 0.81 and
RR 5 0.85, respectively). Further limiting the analysis to
women who lived in a region of high solar radiation, an even
greater reduction in risk was associated with this combined
vitamin D exposure measure (RR5 0.36; Table 3).

Discussion
This study sought to test the hypothesis that women with
greater exposure to vitamin D, either from sunlight and/or from
diet or dietary supplements, would experience a decreased risk
of breast cancer. Previous studies of the role of vitamin D in
breast cancer have either been ecological studies (9–12) or have
considered solely dietary intake (15, 16). We examined the
association between breast cancer risk and several measures of
vitamin D exposures, including personal sunlight exposure,
residential solar radiation, sun-induced skin damage, and die-
tary intake of vitamin D. To our knowledge, ours is the first
study to assess the association between breast cancer and sun-
light exposure at the level of the individual. In this cohort
analysis, we found that high exposure to sunlight was associ-
ated with a 25–65% reduction in breast cancer risk among
women whose longest residence was in a state of high solar
radiation.

The present investigation has several methodological
strengths: the cohort includes a representative sample of the
United States population; follow-up was rigorous, and the suc-
cess of tracing was high (93%); the completion rate of the
follow-up interviews was also high, ranging from 91–96% in
the four follow-up surveys (20–23); and the baseline data on
pertinent risk factors were collected prospectively—consider-
ably in advance of the publication of recent scientific studies
implicating a protective role for vitamin D in cancers of the
breast (9), colon (7), and prostate (8). Thus, it is very unlikely

Table 2 Residential sun exposure and breast cancer risk among white
women: NHANES I Epidemiologic Follow-up Study, 1971–1975 to 1992

Breast
cancer
cases

Age-
adjusted RR

(95% CI)

Multivariate-
adjusted RR
(95% CI)a

Region of residenceb

Northeast 51 1.0 1.0
Midwest 48 0.82 (0.55–1.22) 0.83 (0.56–1.23)
West 51 0.81 (0.55–1.20) 0.78 (0.53–1.16)
South 40 0.66 (0.44–1.00) 0.71 (0.47–1.09)
P for trend P 5 0.06 P 5 0.11

Solar radiation at longest residencec

Low 83 1.0 1.0
Medium 67 1.13 (0.82–1.56) 1.17 (0.85–1.62)
High 38 0.70 (0.48–1.03) 0.73 (0.50–1.08)
P for trend P 5 0.13 P 5 0.19

Solar radiation at place of birth
Low 79 1.0 1.0
Medium 64 0.97 (0.69–1.34) 0.99 (0.72–1.39)
High 35 0.69 (0.46–1.02) 0.73 (0.49–1.09)
P for trend P 5 0.08 P 5 0.16

a Adjusted for age, education, age at menarche, age at menopause, body mass
index, frequency of alcohol consumption, and physical activity.
b Northeast: Maine, Vermont, New Hampshire, Massachusetts, Connecticut,
Rhode Island, New York, New Jersey, and Pennsylvania; Midwest: Ohio, Illinois,
Indiana, Michigan, Wisconsin, Minnesota, Iowa, and Missouri; West: Washing-
ton, Oregon, California, Nevada, New Mexico, Arizona, Texas, Oklahoma, Kan-
sas, Nebraska, North Dakota, South Dakota, Idaho, Utah, Colorado, Montana, and
Wyoming; South: Delaware, Maryland, District of Columbia, West Virginia,
Virginia, Kentucky, Tennessee, North Carolina, South Carolina, Georgia, Florida,
Alabama, Mississippi, Louisiana, and Arkansas.
c Low: Maine, Vermont, New Hampshire, Massachusetts, Connecticut, Rhode
Island, New York, Pennsylvania, Ohio, Michigan, Minnesota, and Washington;
Medium: New Jersey, Delaware, Maryland, District of Columbia, West Virginia,
Virginia, North Carolina, South Carolina, Indiana, Kentucky, Tennessee, Wis-
consin, Illinois, Iowa, Missouri, North Dakota, South Dakota, Montana, Oregon;
High: Georgia, Florida, Alabama, Mississippi, Arkansas, Louisiana, Nebraska,
Kansas, Oklahoma, Texas, Wyoming, Colorado, New Mexico, Idaho, Utah,
Arizona, Nevada, and California.
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that knowledge of the research hypothesis under investigation
could have biased either the interviewers or study participants.

A large proportion of women in the NHANES I analytic
cohort had low vitamin D exposures: 47% of women had a
dietary intake of,100 IU, and only 28% of women, ages
24–50, exceeded the current recommended dietary intake of
200 IU (37), which in the United States is the amount present
in two cups of “fortified” milk. The low average dietary intake
of 148 IU is similar to that of the NHANES III white female
population (173 IU),4 both of which were assessed by a single
24-h dietary recall. Only 18% reported daily use of multivita-
mins, and 14% reported no or rare occupational and recre-
ational sunlight exposure. These data parallel other studies of
the high prevalence of vitamin D insufficiency and deficiency
in the United States and elsewhere (38).

Our analysis was based on several measures of sun expo-
sure, the major determinant of vitamin D status. The correlation
between these measures was high for the residential sun expo-
sure measures, with correlation coefficients ranging fromr 5
0.54 (for the correlation between region of residence at baseline
and solar radiation level in state of birth) to 0.84 (for the
correlation between solar radiation level in state of longest
residence and solar radiation level in state of birth). These high
correlations suggest that within broad regions of residence the
study population was geographically relatively stable. For the
remaining sun exposure measures, the correlation coefficients
were considerably lower, ranging from 0.05 (for the correlation
between self-reported sun exposure and actinic skin damage) to
0.24 (for the correlation between physician-assessed sun expo-
sure and actinic skin damage), thus, suggesting independent
effects of each exposure measure.

We used self- and physician-reports of personal sunlight
exposure as a surrogate for vitamin D status. Although we had
no quantitative information on intensity and duration of sun-

light exposure or on other factors that influence vitamin D
synthesis (e.g., skin pigmentation, use of sun screen and pro-
tective clothing, medical conditions, and medications; Ref. 17),
self-reported sunlight exposure is a good surrogate for serum
levels of 25(OH)D (39–42), the major circulating metabolite of
vitamin D. These data support the validity of our exposure
measure in ranking individuals according to sunlight exposure.
We also used physician-diagnosed actinic skin damage as a
measure of personal sunlight exposure. This measure is more
objective than self-reported sunlight history and is not depen-
dent on recall.

Finally, we used residential solar radiation as a surrogate
measure of vitamin D. The validity of this approach is sup-
ported by recent data from NHANES III, conducted from
1988–1994. Serum levels of 25(OH)D were 13% higher in
women from the southern United States than from the northern
United States (43). These data demonstrate that sunlight expo-
sure variables measured by geographic proxies such as state of
residence generally are, indeed, reflective of vitamin D status.
Comparisons of serum levels of 25(OH)D among populations
in Europe (44), the Netherlands, and Curac¸ao (45) also found an
inverse correlation with geographic latitude, although serum
25(OH)D levels are strongly influenced by local practices (e.g.,
high intake of oily fish in Scandinavia, clothing habits in
Southern Europe, food fortification practices, supplement use;
Refs. 46 and 47).

The assessment of the effect of dietary vitamin D intake
was limited by several factors. Although 24-h recall is a valid
method to assess average nutrient intake in groups of individ-
uals (48) and has been correlated with serum levels of 25(OH)D
(38), the estimated nutrient intake during a single day may not
represent an individual’s usual dietary intake. Similarly, our
assessment of the effect of supplemental vitamin D was limited
by the lack of information on brand name, which might have
introduced exposure misclassification because not all multivi-
tamin preparations contain vitamin D.

The accuracy of an individual’s estimated nutrient intake4 E. M. John, unpublished data.

Table 3 Sunlight exposure and dietary vitamin D and breast cancer risk among white women, by region of residence: NHANES I Epidemiologic Follow-up Study,
1971–1975 to 1992

Low solar radiationa Medium solar radiationa High solar radiationa

Breast
cancer
cases

Multivariate-adjusted
RR (95% CI)b

Breast
cancer
cases

Multivariate adjusted
RR (95% CI)b

Breast
cancer
cases

Multivariate-adjusted
RR (95% CI)b

Sun exposure determined by physician
Unimpressive 38 1.0 37 1.0 18 1.0
Moderate/considerable 45 1.20 (0.77–1.86) 30 0.71 (0.44–1.15) 19 0.58 (0.30–0.11)

Actinic skin damage
None 49 1.0 41 1.0 23 1.0
Minimal 23 1.07 (0.64–1.78) 19 0.98 (0.54–1.77) 9 0.77 (0.34–1.73)
Moderate/severe 11 1.18 (0.59–2.36) 7 0.77 (0.33–1.79) 6 0.69 (0.27–1.78)

Dietary vitamin D (IU)
,100 36 1.0 31 1.0 17 1.0
100–199 18 0.97 (0.55–1.71) 21 1.15 (0.66–2.01) 12 1.20 (0.57–2.53)
$200 20 0.92 (0.53–1.59) 13 0.91 (0.47–1.75) 7 0.75 (0.31–1.84)

Combined recreational and occupational sun exposure
Low 15 1.0 9 1.0 8 1.0
Medium 44 0.53 (0.29–0.97) 34 0.83 (0.39–1.76) 19 0.54 (0.23–1.25)
High 9 0.40 (0.17–0.94) 10 0.77 (0.31–1.93) 4 0.35 (0.10–1.20)

MD sun exposure and dietary vitamin Dc

Low sun and,200 IU 25 1.0 31 1.0 14 1.0
High sun and$200 IU 10 1.13 (0.53–2.43) 9 0.84 (0.40–1.77) 3 0.36 (0.10–1.31)

a Level of solar radiation in state of longest residence.
b Adjusted for age, education, age at menarche, age at menopause, body mass index, frequency of alcohol consumption, and physical activity.
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also depends on the completeness of the nutrient database.
There are no comprehensive nutrient databases that include
vitamin D values for all dietary sources, including unsupple-
mented (i.e., fish liver oil, fatty fish, egg yolk, liver) and
supplemented (i.e., milk and certain brand names of breakfast
cereal, bread, and margarine) foods (29–32). Furthermore, pub-
lished nutrient values for fish vary, and the amount of vitamin
D in fish depends on geographic location (e.g., Pacific versus
Atlantic fish) and season (31). The validity of reported vitamin
D content in foods fortified with vitamin D is also subject to
inaccuracy. Recent studies on the vitamin D content of “forti-
fied” milk in the United States indicated that a significant
proportion of the milk analyzed did not contain the 400 IU
stated on the label and many samples contained no detectable
vitamin D at all (49, 50).

An individual’s serum level of 25(OH)D represents short-
term vitamin D exposures during the previous few weeks or
months (51). A single measurement, therefore, may not reflect
habitual long-term sunlight exposure and/or dietary vitamin D
intake. The assessment of vitamin D exposures based on self-
report or physical examination, as applied in our analysis, may
be a better measure of habitual exposure than a single serum
measurement. However, the above-discussed sources of error in
estimating vitamin D exposures from sunlight and diet may
have introduced misclassification of exposure status, although
it is highly unlikely that such misclassification would be dif-
ferential by disease status. The RR estimates would, therefore,
tend to be biased toward the null and, thus, would underesti-
mate the actual RRs.

It is possible that our findings may be confounded by other
risk factors. Although we cannot exclude the possibility of
confounding by unknown risk factors, adjustment for known
and suspected risk factors produced very little change in the
RRs.

The relatively small number of breast cancer cases (n 5
190) limited our ability to detect statistically significant trends
of decreasing risk with increasing vitamin D exposure. The
findings, however, are consistent for several independent meas-

ures of sunlight exposure, which suggests that our exposure
variables were measuring the same underlying exposure (i.e.,
sunlight exposure). The risk reductions we observed were
higher for the sunlight exposure variables (20–33%) than for
the dietary variables (11–15%). This is as we anticipated be-
cause, despite the supplementation of foods, the majority of
vitamin D is derived from casual exposure to sunlight. For most
persons, casual sunlight exposure provides 80–90% of the
body’s circulating stores of vitamin D (52). Similarly, the
relatively low dietary vitamin D intake in the NHANES I cohort
limited our ability to assess the association with much higher
dietary intake (i.e., .400 IU). Nevertheless, our findings sup-
port the hypothesis that vitamin D may protect against the
development of breast cancer.

Our findings are consistent with a diverse literature on the
protective effects of vitamin D on breast cancer. The observed
lower risk of breast cancer among women living in the south or
regions of high solar radiation agrees with several ecological
studies (9–12). Our finding of reduced risk among women with
a high dietary vitamin D intake also agrees with the results from
a recent hospital-based case-control study that reported a sig-
nificantly lower intake of dietary vitamin D among breast
cancer cases than controls (16), although another study found
no association (15). A higher dietary vitamin D intake also has
been reported among breast cancer patients with euploid (his-
tologically normal) tumors than those with aneuploid (histo-
logically aberrant) tumors (53). None of the dietary studies,
however, assessed sunlight exposure, which may have attenu-
ated the association with vitamin D from diet.

Although limited by small case numbers, our findings
suggest that the effect of sun exposure and dietary vitamin D
intake on breast cancer risk depends on region of residence. No
associations were generally found among women who lived in
regions of low solar radiation. The risk reductions were highest
in regions of high solar radiation and intermediate in regions of
medium solar radiation. This finding agrees with studies that
have shown that in the northern regions of the United States
there is no cutaneous synthesis of vitamin D during the winter
months (26).

Because 1,25(OH)2D is the biologically most active me-
tabolite of vitamin D, one might expect breast cancer cases to
have lower serum levels of 1,25(OH)2D than noncases. Al-
though one study reported lower concentrations of 1,25(OH)2D
in serum among breast cancer patients than controls (54), a
recent cohort study reported no association with serum concen-
trations of 1,25(OH)2D (55). However, in a cross-sectional

Table 4 Dietary and supplemental intake of vitamin D and breast cancer risk
among white women: NHANES I Epidemiologic Follow-up Study,

1971–1975 to 1992

Breast
cancer
cases

Age-
adjusted RR

(95% CI)

Multivariate-
adjusted RR
(95% CI)a

Dietary vitamin D
,100 IU 86 1.0 1.0
100–199 IU 51 1.03 (0.73–1.45) 1.05 (0.74–1.49)
$200 IU 40 0.84 (0.58–1.23) 0.85 (0.59–1.24)
P for trend P 5 0.43 P 5 0.48

Supplement use (multivitamins or single vitamin D)
Never 133 1.0 1.0
Weekly 13 0.94 (0.53–1.65) 0.89 (0.50–1.58)
Daily 31 0.93 (0.63–1.38) 0.89 (0.60–1.32)
P for trend P 5 0.69 P 5 0.52

Vitamin D from food or
supplements

,100 IU without daily
supplements

73 1.0 1.0

100–199 IU without daily
supplements

41 0.98 (0.67–1.44) 1.01 (0.69–1.49)

$200 IU or daily supplements 63 0.87 (0.62–1.21) 0.86 (0.61–1.20)
P for trend P 5 0.40 P 5 0.37

a Adjusted for age, education, age at menarche, age at menopause, body mass
index, frequency of alcohol consumption, physical activity, and calcium intake.

Table 5 Vitamin D from sunlight exposure and diet and breast cancer risk
among white women: NHANES I Epidemiologic Follow-up Study,

1971–1975 to 1992

Breast
cancer
cases

Age-adjusted
RR (95% CI)

Multivariate-
adjusted

RR (95% CI)a

Sun exposure and dietary
vitamin Db

Low sun and,200 IU 71 1.0 1.0
Low sun and$200 IU 18 0.79 (0.57–1.11) 0.75 (0.54–1.06)
High sun and,200 IU 65 0.78 (0.46–1.31) 0.77 (0.46–1.29)
High sun and$200 IU 22 0.72 (0.45–1.17) 0.71 (0.44–1.14)
P for trend P 5 0.11 P 5 0.08

a Adjusted for age, education, age at menarche, age at menopause, body mass
index, frequency of alcohol consumption, physical activity, and calcium intake.
b Low sun, unimpressive sun exposure, as determined by the physician; high sun,
moderate or considerable sun exposure, as determined by the physician.
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study of breast cancer patients, Maweret al. (56) reported a
significant decline in serum levels of 1,25(OH)2D with the
progression of breast cancer.

This point illustrates a conceptual difficulty that confronts
any postulated protective effect of sunlight exposure and/or
dietary vitamin D and cancer: although serum levels of
25(OH)D are well correlated with sunlight exposure and dietary
vitamin D intake, serum levels of the biologically active hor-
mone 1,25(OH)2D are not. That is, because the hepatic con-
version of vitamin D to 25(OH)D is not tightly regulated,
individuals with high sunlight exposure have higher circulating
levels of 25(OH)D in serum. In contrast, the renal conversion of
25(OH)D to 1,25(OH)2D is tightly regulated. Consequently, in
normal individuals, high serum levels of 25(OH)D do not result
in correspondingly high serum levels of 1,25(OH)2D (57).
Thus, a mechanism(s) by which higher levels of exposure to
vitamin D could result in higher levels of 1,25(OH)2D at the
level of the breast cell is unclear.

There are several possible explanations to this problem.
First, just as geography is a proxy measure for vitamin D
metabolite levels in serum, serum levels are proxy measures for
vitamin D metabolite levels in tissues. At present, levels of
vitamin D metabolites in breast tissue are unknown. However,
because many organs sequester steroid hormones, hormone
levels in tissue may be much higher than hormone levels in
serum (58).

Second, 25(OH)D may not be inactive biologically. Al-
though 25(OH)D binds the VDR with 1/500th–1/1000th the
affinity of 1,25(OH)2D, it is present in serum at 1000 times the
concentration of 1,25(OH)2D. Thus, 25(OH)D may exert some
1,25(OH)2D-like activity (59).

Finally, it is now clear that organs other than the kidney
(e.g., keratinocytes and activated macrophages) possess 1a-
hydroxylase activity and can synthesize 1,25(OH)2D locally
from 25(OH)D. Recently, Schwartzet al. (60) have shown that
primary cultures of normal prostate cells, as well as cells from
some established prostate cancer cell lines, synthesize
1,25(OH)2D from 25(OH)D. This finding may provide a mech-
anism for the observed inverse correlation between solar radi-
ation and prostate cancer mortality (61). Caco-2 cells, a human
colon adenocarcinoma cell line, also has been shown to possess
1a-hydroxylase activity (62). On the basis of the many simi-
larities between breast and prostate cancer, we speculate that
breast cells also possess 1a-hydroxylase activity. If this spec-
ulation is correct, extra-renal synthesis of 1,25(OH)2D by breast
cells could provide a direct mechanism by which sunlight
exposure could decrease the risk of breast cancer, as observed
in this analysis. Because the gene encoding 1a-hydroxylase has
recently been cloned (e.g., Ref. 63), the question of 1a-hydrox-
ylase activity in breast cells is now amenable to experimental
test.

Our findings clearly warrant future epidemiological stud-
ies of the etiological role of vitamin D in the development and
progression of breast cancer. Such studies would benefit from
the use of improved exposure assessments to minimize expo-
sure misclassification, larger case populations to rule out the
possibility of chance findings, and ethnically more diverse
populations. In addition, such studies should address the im-
portant issues of how much sunlight exposure and/or dietary
vitamin D might be beneficial and when during life vitamin D
exposures might have the greatest effect on breast cancer risk.

In conclusion, the findings of this cohort analysis indicate
a protective role of sunlight exposure and dietary vitamin D
intake on breast cancer risk among white women. If confirmed,
our results would be particularly promising for the primary

prevention of breast cancer because dietary vitamin D and
casual sunlight exposure are modifiable lifestyle factors. Vita-
min D metabolites also have promise as therapeutic agents
because 1,25(OH)2D has been shown to inhibit the proliferation
and metastasis of both breast (64) and prostate (65–67) cancer
cells.

References
1. Walters, M. R. Newly identified actions of the vitamin D endocrine system.
Endocrine Rev.,13: 719–764, 1992.

2. Colston, K. Vitamin D and breast cancer: therapeutic potential of new vitamin
D analogs.In: D. Feldman, F. H. Glorieux, and J. W. Pike (eds.), Vitamin D, pp.
1107–1123. New York: Academic Press, 1997.

3. Tsai, M. J., and O’Malley, B. W. Molecular mechanisms of action of steroid/
thyroid receptor superfamily members. Ann. Rev. Biochem.,63: 451–486, 1994.

4. van Leeuwen, J. P. T. M., and Pols, H. A. Vitamin D: anticancer and
differentiation.In: D. Feldman, F. H. Glorieux, and J. W. Pike (eds.), Vitamin D,
pp. 1089–1105. New York: Academic Press, 1997.

5. Haussler, M. R. Vitamin D receptors: nature and function. Annu. Rev. Nutr.,
6: 527–562, 1992.

6. Holick, M. F. Vitamin D: biosynthesis, metabolism, and mode of action.In:
L. J. DeGroot (ed.), Endocrinology, Ed. 3, pp. 990–1014. Philadelphia: W. B.
Saunders, 1995.

7. Garland, C. F., and Garland, F. C. Do vitamin D and sunlight reduce the risk
of colon cancer? Int. J. Epidemiol.,9: 227–231, 1980.

8. Schwartz, G. G., and Hulka, B. S. Is vitamin D deficiency a risk factor for
prostate cancer (Hypothesis). Anticancer Res.,10: 1307–1312, 1990.

9. Garland, F. C., Garland, C. F., Gorham, E. D., and Young, J. F. Geographic
variation in breast cancer mortality in the United States: a hypothesis involving
exposure to solar radiation. Prev. Med.,19: 614–622, 1990.

10. Gorham, E. D., Garland, C. F., and Garland, F. C. Acid haze air pollution and
breast and colon cancer mortality in 20 Canadian cities. Can. J. Public Health,80:
96–100, 1989.

11. Gorham, E. D., Garland, F. C., and Garland, C. F. Sunlight and breast cancer
incidence in the USSR. Int. J. Epidemiol.,19: 820–824, 1990.

12. Morabia, A., and Levshin, V. F. Geographic variation in cancer incidence in
the USSR: estimating the proportion of avoidable cancer. Prev. Med.,21: 151–
161, 1992.

13. Blot, W. J., Fraumeni, J. F., and Stone, B. J. Geographic patterns of breast
cancer in the United States. J. Natl. Cancer Inst.,59: 1407–1411, 1977.

14. Sturgeon, S. R., Schairer, C., Gail, M., McAdams, M., Brinton, L. A., and
Hoover, R. N. Geographic variation in mortality from breast cancer among white
women in the United States. J. Natl. Cancer Inst.,87: 1846–1853, 1995.

15. Simard, A., Vobecky, J., and Vobecky, J. S. Vitamin D deficiency and cancer
of the breast: an unprovocative ecological hypothesis. Can. J. Public Health,82:
300–303, 1991.

16. Nunez, C., Carbajal, A., Belmonte, S., Moreiras, O., and Varela, G. Estudio
caso-control de la relacion dieta y cancer de mama en una muestra procedente de
tres poblaciones hospitaliarias espanolas. Repercusion del consumo de alimentos,
energia y nutrientes. Rev. Clin. Espan.,196: 75–81, 1996.

17. Holick, M. F. Environmental factors that influence the cutaneous production
of vitamin D. Am. J. Clin. Nutr.,61: (Suppl. 3): 638S–645S, 1995.

18. National Center for Health Statistics. Plan and operation of the Health and
Nutrition Examination Survey, United States, 1971–73. Vital and Health Statis-
tics Series 1, No. 10a. DHEW Publ. No. (HSM) 73-1310. Washington, DC:
United States Government Printing Office, 1973.

19. National Center for Health Statistics. Plan and operation of the HANES I
Augmentation Survey of Adults 25–74 years, United States, 1974–75. Vital and
Health Statistics Series 1, No. 14. DHHS Publ. No. (PHS) 78-1314. Washington
DC: United States Government Printing Office, 1978.

20. National Center for Health Statistics. Plan and operation of the NHANES I
Epidemiologic Followup Study, 1982–84. Vital and Health Statistics Series 1,
No. 22. DHHS Publ. No. (PHS) 87-1324. Washington DC: United States Gov-
ernment Printing Office, 1987.

21. National Center for Health Statistics. Plan and operation of the NHANES I
Epidemiologic Followup Study, 1986. Vital and Health Statistics Series 1, No. 25.
DHHS Publ. No. (PHS) 90-1307. Washington DC: United States Government
Printing Office, 1990.

22. National Center for Health Statistics. Plan and operation of the NHANES I
Epidemiologic Followup Study, 1987. Vital and Health Statistics Series 1, No. 27.
DHHS Publ. No (PHS) 92-1303. Washington DC: United States Government
Printing Office, 1992.

405Cancer Epidemiology, Biomarkers & Prevention



23. National Center for Health Statistics. Plan and operation of the NHANES I
Epidemiologic Followup Study, 1992. Vital and Health Statistics Series 1, No. 35.
DHHS Publ. No. (PHS) 98-1311. Washington DC: United States Government
Printing Office, 1997.

24. Engel, A., Johnson, M. L., and Haynes, S. G. Health effects of sunlight
exposure in the United States. Arch. Dermatol.,124: 72–79, 1988.

25. Vitasa, B. C., Taylor, H. R., Strickland, P. T., Rosenthal, F. S., West, S.,
Abbey, H., Ng, S. K., Munoz, B., and Emmett, E. A. Association of nonmelanoma
skin cancer and actinic keratosis with cumulative solar ultraviolet exposure in
Maryland waterman. Cancer (Phila.),65: 2811–2817, 1990.

26. Webb, A. R., Kline, L., and Holick, M. F. Influence of season and latitude on
the cutaneous synthesis of vitamin D3: exposure to winter sunlight in Boston and
Edmonton will not promote vitamin D synthesis in human skin. J. Clin. Endo-
crinol. Metab.,67: 373–378, 1988.

27. Solar Energy Research Institute. Insolation Data Manual and Direct Normal
Solar Radiation Data Manual. SERI/TP-220-3880. Golden, CO: Solar Energy
Research Institute, 1990.

28. Murphy, S. P., and Calloway, D. H. Nutrient intakes of women in NHANES
II, emphasizing trace minerals, fiber, and phytate. J. Am. Diet. Assoc.,86:
1366–1372, 1986.

29. Pennington, J. A. Dietary Nutrient Guide. Westport, CT: Avi Publishing Co.,
1976.

30. United States Department of Agriculture. Provisional table on the vitamin D
content of foods. Human Nutrition Service HNIS/PT-108. October 1991.

31. Holland, B., Welch, A. A., Unwin, I. D., Buss, D. H., Paul, A. A., and
Southgate, D. A. T. McCance and Widdowson’s The Composition of Foods, Ed.
5. Cambridge, UK: Royal Society of Chemistry, 1991.

32. Bowes, A. Bowes’ and Church’s Food Values of Portions Commonly Used.
Ed. 16. Philadelphia: J. B. Lippincott, 1994.

33. Bergmann, M. M., Calle, E. E., Mervis, C. A., Miracle-McMahill, H. L.,
Thun, M. J., and Heath, C. W. Validity of self-reported cancers in a prospective
cohort study in comparison with data from state cancer registries. Am. J. Epide-
miol., 147: 556–562, 1998.

34. Colditz, G. A., Martina, P., Stampfer, M. J., Willett, W. C., Sampson, L.,
Rosner, B. M., Hennekens, C. H., and Speizer, F. E. Validation of questionnaire
information on risk factors and disease outcomes in a prospective cohort study of
women. Am. J. Epidemiol.,123: 894–900, 1986.

35. Cox, D. R., and Oakes, D. Analysis of Survival Data. London: Chapman and
Hall, 1984.

36. Heck, K. E., and Pamuk, E. R. Explaining the relation between education and
postmenopausal breast cancer. Am. J. Epidemiol.,145: 366–372, 1997.

37. Standing Committee on the Scientific Evaluation of Dietary Reference In-
takes, Institute of Medicine. Dietary reference intakes: calcium, phosphorus,
magnesium, vitamin D, and fluoride. Washington, DC: National Academy Press,
1997.

38. Chapui, M. C., Meunier, P. J. Vitamin D insufficiency in adults and the
elderly. In: D. Feldman, F. H. Glorieux, and J. W. Pike (eds.), Vitamin D, pp.
679–693. San Diego: Academic Press, 1997.

39. Sowers, M. R., Wallace, R. B., Hollis, B. W., and Lemke, J. H. Parameters
related to 25-OH-D levels in a population-based study of women. Am. J. Clin.
Nutr., 43: 621–628, 1986.

40. Webb, A. R., Pilbeam, C., Hanafin, N., and Holick, M. F. An evaluation of
the relative contributions of exposure to sunlight and of diet to the circulating
concentrations of 25-hydroxyvitamin D in an elderly nursing home population in
Boston. Am. J. Clin. Nutr.,51: 1075–1081, 1990.

41. Dawson-Hughes, B., Harris, S. S., and Dallal, G. E. Plasma calcidiol, season,
and serum parathyroid hormone concentrations in healthy elderly men and
women. Am. J. Clin. Nutr.,65: 67–71, 1997.

42. Jacques, P. F., Felson, D. T., Tucker, K. L., Mahnken, B., Wilson, P. W. F.,
Rosenberg, I. H., and Rush, D. Plasma 25-hydroxyvitamin D and its determinants
in an elderly population sample. Am. J. Clin. Nutr.,66: 929–936, 1997.

43. Gunter, E., Looker, A., Lavoie, D., Twite, D., and Calvo, M. 25-OH-vitamin
D levels in the United States population: NHANES III (1988–1994).In: A. W.
Norman, R. Bouillon, and M. Thomasset (eds.), Vitamin D: Chemistry, Biology
and Clinical Applications of the Steroid Hormone, pp. 709–710. Riverside, CA:
University of California, 1997.

44. McKenna, M. J., Freaney, R., Meade, A., and Muldowney, F. P. Hypovita-
minosis D and elevated serum alkaline phosphatase in elderly Irish people. Am. J.
Clin. Nutr., 41: 101–109, 1985.

45. Dubbelman, R., Jonxis, J. H. P., Muskiet, F. A. J., and Saleh, A. E. C.
Age-dependent vitamin D status and vertebral condition of white women living
in Curacao (The Netherlands Antilles) as compared with their counterparts in the
Netherlands. Am. J. Clin. Nutr.,58: 106–109, 1993.

46. McKenna, M. J. Differences in vitamin D status between countries in young
adults and the elderly. Am. J. Med.,93: 69–77, 1992.

47. Van der Wielen, R. P. J., Lowik, M. R. H., Van den Berg, H., de Groot, L.,
Haller, J., Moreiras, O., and van Staveren, W. A. Serum vitamin D concentrations
among elderly people in Europe. Lancet,346: 207–210, 1995.

48. Block, G. A review of validations of dietary assessment methods. Am. J.
Epidemiol.,115: 492–505, 1982.

49. Holick, M. F., Shao, Q., Liu, W. W., and Chen, T. C. The vitamin D content
of fortified milk and infant formula. N. Engl. J. Med.,326: 1178–1181, 1992.

50. Chen, T. C., Heath, H., III., and Holick, M. F. An update on the vitamin D
content of fortified milk from the United States and Canada. N. Engl. J. Med.,
329: 1507, 1993.

51. Holick, M. F. The use and interpretation of assays for vitamin D and its
metabolites. J. Nutr.,120: 1464–1469, 1990.

52. Holick, M. F. McCollum Award Lecture. Vitamin D: new horizons for the
21st century. Am. J. Clin. Nutr.,60: 619–630, 1994.

53. Furst, C. J., Auer, G., Nordevang, E., Nilsson, B., and Holm, L. E. DNA
pattern and dietary habits in patients with breast cancer. Eur. J. Cancer,29A:
1285–1288, 1993.

54. Janowsky, E. C., Lester, G., and Hulka, B. Vitamin D and breast cancer risk.
The Department of Defense Breast Cancer Research Program Meeting, Era of
Hope, Vol. 3, pp. 999–1000. Proceedings, 1997.

55. Hiatt, R. A., Krieger, N., Lobaugh, B., Drezner, M. K., Vogelman, J. H., and
Orentreich, N. Prediagnostic serum vitamin D and breast cancer. J. Natl. Cancer
Inst., 90: 461–463, 1998.

56. Mawer, E. B., Walls, J., Howell, A., Davies, M., Ratcliffe, W. A., and
Bundred, N. J. Serum 1,25-Dihydroxyvitamin D may be related inversely to
disease activity in breast cancer patients with bone metastases. J. Clin. Endocri-
nol. Metab.,82: 118–122, 1997.

57. Chesney, R. W., Rosen, J. F., Hanstra, A. J., Smith, C., Mahaffey, K., and
DeLuca, H. F. Absence of seasonal variations in serum concentrations of 1,25-
dihydroxvitamin D despite a rise in 25-Hydroxy vitamin D in summer. J. Clin.
Endocrinol. Metab.,53: 139–143, 1981.

58. Geller, J., De LaVega, D. J., and Albert, J. D. Tissue dihydrotestosterone
levels and clinical response to hormone therapy in patients with prostate cancer.
J. Clin. Endocrinol. Metab.,58: 36–40, 1984.

59. Hughes, M. R., Baylink, D. J., Jones, P. G., Haussler, M. R. Radioligand
receptor assay for 25-hydroxyvitamin D2/D3 and 1a,25-dihydroxyvitamin D2/D3:
application to hypervitaminosis. D. J. Clin. Invest.,58: 61–70, 1976.

60. Schwartz, G. G., Whitlach, L. W., Chen, T. C., Lokeshwar, B. L., and Holick,
M. F. Human prostate cells synthesize 1,25-Dihydroxyvitamin D3 from 25-
Hydroxyvitamin D3. Cancer Epidemiol. Biomark. Prev.,7: 391–395, 1998.

61. Hanchette, C. L., and Schwartz, G. G. Geographic patterns of prostate cancer
mortality: evidence for a protective effect of ultraviolet radiation. Cancer (Phila.),
70: 2861–2869, 1992.

62. Cross, H. S., Peterlik, M., Reddy, G. S., and Schuster, I. Vitamin D metab-
olism in human colon adenocarcinoma-derived Caco-2 cells: expression of 25-
hydroxyvitamin D3-1a-hydroxylase activity and regulation of side-chain metab-
olism. J. Steroid. Biochem. Mol. Biol.,62: 21–28, 1997.

63. Kitanaka, S., Takeyama, K-I., Murayama, A., Sato, T., Okumura, K.,
Nogami, M., Hasegawa, Y., Nimi, H., Yanagisawa, J., Tanaka, T., and Katao, S.
Inactivating mutations in the 25-Hydroxyvitamin D3 1a-Hydroxylase gene in
patients with pseudovitamin D-deficiency rickets. N. Eng. J. Med.,338:653–661,
1998.

64. Hansen, C. M., Frandsen, T. L., Brunner, N., and Binderup, L. 1a25-
Dihydroxyvitamin D3 inhibits the invasive potential of human breast cancer cells
in vitro. Clin. Exp. Metastasis,12: 195–202, 1994.

65. Koike, M., Elstner, E., Campbell, M. J., Asou, H., Uskokovic, M., Tsuruoka,
N., and Koeffler, H. P. 19-nor-hexafluoride analogue of vitamin D3: a novel class
of potent inhibitors of proliferation of human breast cell lines. Cancer Res.,57:
4545–4550, 1997.

66. Schwartz, G. G., Lokeshwar, B. L., Selzer, M. G., Block, N. L., and Bind-
erup, L. 1a25-(OH)2Vitamin D and EB 1089 inhibit prostate cancer metastasisin
vivo. In: A. W. Norman, R. Bouillon, and M. Thomasset (eds.), Vitamin D:
Chemistry, Biology and Clinical Applications of the Steroid Hormone, pp. 489–
490. Riverside, CA: University of California, 1997.

67. Schwartz, G. G., Wang, M-H., Zhang, R. K., and Siegal, G. P. 1a25-
Dihydroxyvitamin D (calcitriol) inhibits the invasiveness of human prostate
cancer cells. Cancer Epidemiol. Biomark. Prev.,6: 727–732, 1997.

406 Vitamin D and Breast Cancer


