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Abstract

Objective—To investigate UL incidence in relation to polymorphisms in genes involved in

vitamin D metabolism and skin pigmentation. Rates of uterine leiomyomata (UL) are 2–3 times

higher in African Americans than European Americans. Recent studies suggest that vitamin D

deficiency is associated with an increased risk of UL.

Design—Nested case-control study.

Setting—Black Women’s Health Study, a prospective cohort study of African American women.

Patient(s)—2,232 premenopausal women diagnosed with UL confirmed by ultrasound or

surgery during 1997–2011 (cases) and 2,432 premenopausal women never diagnosed with UL

through 2011 (controls).

Intervention—None.

Main outcome measure—Self-reported UL. We used logistic regression to estimate odds

ratios (OR) and 95% confidence intervals (CI) for the association between each polymorphism and

UL, controlling for age, geographic region, and ancestry.

Results—Three of twelve polymorphisms were associated with UL at the nominal significance

level: rs4944957 and rs12800438 near DHCR7, and rs6058017 in ASIP. After correction for

multiple hypothesis testing, two SNPs remained significantly associated with UL (rs12800438 and

rs6058017). Compared with the AA genotype for rs12800438 (correlated with higher serum

25(OH)D levels), ORs were 1.09 (95% CI: 0.92, 1.29) and 1.23 (95% CI: 1.03, 1.47) for the GA

and GG genotypes, respectively. Compared with the AA genotype for rs6058017 (correlated with

higher serum 25(OH)D levels), ORs were 1.01 (95% CI: 0.83, 1.22) and 1.18 (95% CI: 0.97, 1.44)

for the GA and GG genotypes, respectively.

Conclusions—Our data support the hypothesis that vitamin D deficiency is involved in UL

etiology.
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INTRODUCTION

Uterine leiomyomata (UL), or fibroids, are benign neoplasms of the myometrium and are

clinically-recognized in 25–30% of reproductive-aged women (1–3). Studies have

documented a 2–3-fold higher incidence of UL in African Americans than European

Americans (4, 5), and African Americans tend to have younger ages at diagnosis and greater

symptom severity (6). None of the identified established risk factors explain this racial

disparity (7).

Vitamin D deficiency is more common among African Americans than other ethnic

populations (8, 9). In 2008, Baird hypothesized that vitamin D deficiency increases UL risk,

and that black-white differences in serum levels of 25-hydroxyvitamin D3 [25(OH)D]

contribute to the racial disparity (8). Since then, one case-control (10) and two cross-

sectional (9, 11) studies have found significantly lower serum vitamin D3 levels among UL

cases than controls.

Determinants of circulating 25(OH)D—the inactive circulating form of vitamin D and an

established marker of vitamin D status—include sun exposure, dietary intake (e.g., oily fish,

cod liver oil, fortified milk), and vitamin supplements. Most vitamin D is produced in the

skin following sufficient sunlight exposure. Heritability may also play a role: several genes

are involved in vitamin D3 metabolism, and genome-wide association studies (GWAS) have

identified single nucleotide polymorphisms (SNPs) associated with 25(OH)D concentrations

(12, 13). In 2010, a GWAS in 30,000 individuals of European descent identified SNPs at

four loci that were associated with 25(OH)D levels: GC (rs2282679), DHCR7 (rs12785878),

CYP2R1 (rs10741657), and CYP24A1 (rs6013897) (12). A second GWAS examining

25(OH)D levels of 4,501 individuals of European ancestry confirmed the previous study’s

findings for GC, DHCR7, and CYP2R1 (13). These variants were located within or near

genes involved in vitamin D transport (GC), cholesterol synthesis (DHCR7), and

hydroxylation (CYP2R1 and CYP24A1). Thus, GWAS studies suggest that SNPs in enzymes

related to activation or degradation of vitamin D and its metabolites predict serum 25(OH)D

levels (14, 15).

We hypothesized that vitamin D-related genetic variants would be associated with UL. In a

large cohort of African American women, we examined UL risk in relation to twelve

polymorphisms in eight genes: two in GC (12, 16, 17), two in VDR (18), two in CYP2R1

(12, 19), two near DHCR7 (12, 19), and one each in SLC24A5 (20, 21), OCA2 (22), ASIP

(23), and CYP24A1 (18). The selected SNPs have been associated with vitamin D levels in

previously-described GWAS (12, 13), or with vitamin D levels (14–19, 24, 25) and skin

pigmentation (14, 20–23, 26) in other studies.
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MATERIALS AND METHODS

Study population

The Black Women’s Health Study (BWHS) is an ongoing prospective cohort study of

59,000 women who self-identify as “black” (27). The study began in 1995 when women 21–

69 years of age from across the United States completed a 14-page postal health

questionnaire. Follow-up questionnaires have been completed by participants every two

years and cohort retention has exceeded 80% through 2011. During 2004–2007, we obtained

saliva samples as a source of DNA from 26,814 participants using the mouthwash-swish

method (28). Participants who provided DNA were slightly older than those who did not

(49.7 vs. 47.7 years), but were similar with respect to education (≤12 years: 18% vs. 19%),

region (Northeast: 27 vs. 28%; South: 31 vs. 30%; Midwest: 24 vs. 23%; West: 18 vs. 19%),

body mass index (BMI: 28.1 vs. 27.8 kg/m2), and family history of UL (38.5 vs. 36.5%).

The present analysis includes 4,664 premenopausal women aged 23–50 years in 1997. The

study protocol was approved by the Institutional Review Board of Boston University

Medical Center.

Assessment of uterine leiomyomata

Ultrasound is the clinical standard used to confirm UL diagnoses (3) and it has high

sensitivity (99%) and specificity (91%) relative to histologic evidence (29, 30). Every two

years, beginning in 1999, women reported whether they had been diagnosed with “uterine

fibroids,” the calendar year of first diagnosis, and whether their diagnosis was confirmed by

ultrasound or surgery. Analyses were restricted to premenopausal women because new UL

diagnoses are rare after menopause (3).

The case group (N=2,232) consisted of all premenopausal women with incident UL

diagnosed during 1997–2011 who provided DNA. Controls (N=2,432) were a random

sample of similarly-aged healthy women who provided DNA and had never been diagnosed

with UL through 2011. We assessed the accuracy of self-report in a random sample of 248

incident cases and confirmed the diagnosis for 96% (122/127) by medical record (31). There

were no systematic differences in characteristics according to the release of medical records

(31).

Assessment of covariates

Baseline and biennial follow-up questionnaires collected data on reproductive,

contraceptive, and medical history, height, current weight, smoking, alcohol, physical

activity, geographic region, and various indicators of socioeconomic status. Recency of

pelvic ultrasound was reported in 2007 (“never, <5, 5–9, ≥10 years ago”), as well as 2009

and 2011 (“previous two years”). Family history of UL (“Has your mother or any of your

sisters ever been diagnosed with uterine fibroids?”) was ascertained in 2009.

In 1995 and 1997, participants reported their use of “calcium with vitamin D” supplements

in the past year; in 1997, use of “vitamin D alone” was additionally ascertained under an

open-ended question about other vitamins taken ≥3 times a week. Diet was assessed in 1995

using a modified version of the NCI-Block food frequency questionnaire (FFQ) (32, 33). In
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1995, a 68-item FFQ was used to collect data on the consumption of specified foods and

beverages during the previous year (33). Nutrient values for vitamin D were calculated using

DIETCALC software (version 1.41). In a validation study conducted among 400 BWHS

participants in 1996–1998 (33), energy-adjusted and deattenuated Pearson correlations

comparing nutrient estimates from the FFQ with averages from the combined recall/record

data ranging from 0.5 to 0.8 (33).

Genotyping and quality control

DNA isolation and amplification—DNA was isolated from mouthwash swish samples

at the Boston University Molecular Core Genetics Laboratory using the QIAAMP DNA

Mini Kit (Qiagen, Valencia, CA). Whole genome amplification was performed with Qiagen

RePLI-g Kits using the method of multiple displacement amplification. Amplified samples

underwent purification and PicoGreen quantification at the Broad Institute Center for

Genotyping and Analysis (Cambridge, MA) before being plated for genotyping.

Selection of SNPs and DNA genotyping—Genotyping was performed at the Broad

Institute using a Sequenom iPLEX assay (Sequenom, San Francisco, CA). Sixteen SNPs

were selected for analysis because only a portion of a Sequenom panel was available for

genotyping. We prioritized SNPs that had been associated with serum vitamin D levels in

previously-described GWAS (12, 13), or with vitamin D levels (14–19, 24, 25) or skin

pigmentation (14, 20–23, 25, 26) in other studies, especially SNPs associated with vitamin D

concentrations in African Americans (25). For example, among darker pigmented African

Americans, rs12800438 in DHCR1 had the strongest association (P=0.004) with risk of

vitamin D deficiency (<20 ng/ml) (25). Skin pigmentation genes (e.g., ASIP) were also

considered because skin pigmentation is a strong predictor of vitamin D synthesis from sun

exposure (20, 22, 23, 26). Sequenom multiplex limitations precluded us from being able to

fit all prioritized SNPs into the same design. For example, a variant located in CYP27B1

(major gene in vitamin D pathway) was prioritized for inclusion but got eliminated based on

its inability to fit in the same design as other GWAS-identified SNPs (12, 13).

One percent of samples were blinded duplicates included to assess reproducibility of

genotypes. An average reproducibility of 96% was obtained. Four SNPs with a call rate of

less than 90% were excluded. We also excluded 125 subjects with call rates <80% and 5

duplicate sample pairs with discordance rates >5%. After these exclusions, 12 SNPs, 2,232

UL cases and 2,432 controls remained for analysis. All SNPs analyzed were in Hardy-

Weinberg equilibrium (P>0.01 in controls).

We genotyped the top 30 ancestral informative markers (AIMs) from a list of 1,536

validated SNPs to estimate percent European ancestry and adjust for population stratification

due to European admixture. These 30 AIMs had allele frequency differences between

Africans and Europeans ≥0.75 (34). We used a Bayesian approach as implemented in the

ADMIXMAP software (35, 36) to estimate individual admixture proportions. In our cohort,

the correlation between percent European admixture determined by the reduced panel of 30

AIMs as compared with the full panel of 1,536 AIMs was significant (r=0.87, P=0.0001),

confirming the validity of the reduced panel (37).
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Data analysis

We used PLINK software version 1.06 (38) to compute summary statistics for the genetic

data. We used a 1-df chi-square test that does not assume any particular genetic model,

correcting for multiple testing through 10,000 permutations. We used logistic regression to

estimate odds ratios (OR) and 95% confidence intervals (CI) for the association between

each SNP and UL, with adjustment for age in 1997 (<30, 30–34, 35–39, 40–44, ≥45 years),

percent European ancestry (continuous variable), and region of residence (Northeast, South,

Midwest, and West) (39). We considered the variant associated with low vitamin D levels or

dark skin pigmentation to be the risk allele. We constructed models that additionally

controlled for UL determinants, including age at menarche (years), parity (births), age at

first birth (years), years since last birth (<5, 5–9, 10–14, 15, ≥20), age at first oral

contraceptive use (years), BMI (<20, 20–24, 25–29, 30–34, ≥35 kg/m2), smoking (current,

past, never), current alcohol consumption (<1, 1–6, ≥7 drinks/week), education (≤12, 13–15,

16, ≥17 years), marital status (married/partnered, divorced/separated/widowed, single),

occupation (white collar, non-white collar, unemployed, missing), and household income (≤

$25,000, $25,001–50,000, $50,001–100,000, >$100,000). Because multivariable models

gave slightly stronger results than models adjusted for age, region, and ancestry, and it is

unlikely that lifestyle factors are confounders because they are “downstream” from

exposure, we presented the more parsimonious models. We stratified the data by age and

surgery because early diagnosis may reflect a genetic predisposition to disease, and

surgically-confirmed cases often have more symptomatology (40). In secondary analyses,

we restricted controls to those with a recent pelvic ultrasound (“5 years ago” in 2007, or

within the “previous two years” in 2009 or 2011).

We tested whether the general genotypic model (i.e., model that includes separate categories

for each of the three genotypes) fit the data better than the recessive model (i.e., model that

assumes risk is observed only for homozygotes of the risk allele, combining the protective

allele homozygotes and heterozygotes into a single reference category). We conducted a

likelihood ratio test comparing the recessive model (null) to the genotypic model

(alternative) with 1 degree of freedom.

RESULTS

Characteristics of cases and controls are shown in Table 1. Mean age at the start of follow-

up (1997) was 34.3 years for UL cases and 34.5 years for controls. Mean age of UL cases at

diagnosis was 38.4 years. As expected, cases had reduced parity, lower percent European

ancestry, earlier ages at first birth, and greater years since last birth than controls (7).

In three of the twelve SNPs examined (Supplemental Table 1), the risk alleles were more

frequent in cases compared with controls, and were associated with UL at the nominal

significance level of p<0.05 (Table 2): rs4944957 (49.2% in cases vs. 46.8% in controls),

rs12800438 (61.4% vs. 58.3%) near DHCR7, and rs6058017 (66.2% vs. 62.9%) in ASIP.

Positive associations also were found between UL and other SNPs (i.e., rs10741657 in

CYP2R1; rs1426654 in SLC24A5), but these associations were not statistically significant,

possibly because the risk allele was rare. After correction for multiple testing, two SNPs

remained significantly associated with UL (rs12800438, P-permutated=0.028; rs6058017,
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P-permutated=0.013). Relative to the AA genotype for rs12800438 (low-risk genotype),

ORs were 1.09 (95% CI: 0.92, 1.29) for the GA genotype and 1.23 (95% CI: 1.03, 1.47) for

the GG genotype. Relative to the AA genotype for rs6058017 (low-risk genotype), ORs

were 1.01 (95% CI: 0.83, 1.22) for the GA genotype and 1.18 (95% CI: 0.97, 1.44) for the

GG genotype.

The genotypic model did not provide a significantly better fit of the data than the simpler

recessive model for rs12800438 (P=0.37) and rs6058017 (P=0.99). Because rs12800438 and

rs6058017 are part of the same metabolic pathway, we created a summary score variable

representing the number of “high-risk” homozygous GG genotypes for each individual (0, 1,

or 2). For this new variable, the adjusted ORs were 1.12 (95% CI: 0.98, 1.28) and 1.42 (95%

CI: 1.18, 1.71) for 1 and 2 homozygous GG genotypes, respectively, relative to none (Table

3).

There was little evidence that the associations of rs12800438 or rs6058017 with UL risk

differed across strata of age (data not shown). Similarly, results did not vary by method of

confirmation (ultrasound vs. surgery), BMI, or family history of UL (data not shown). When

the control group was restricted to those with a recent pelvic ultrasound, thereby excluding

subclinical UL cases, results were stronger for rs6058017 (GG genotype vs. others:

OR=1.36, 95% CI: 1.15, 1.61) but not for rs12800438 (GG genotypes vs. others: OR=1.05,

95% CI: 0.89, 1.23).

We assessed the role of dietary vitamin D intake and vitamin D supplementation on UL risk,

and their modifying effects on the genotype-UL associations (Table 4). ORs for 2.5–4, 5–

7.4, ≥7.5 mcg/day vs. <2.5 mcg/day of dietary vitamin D in 1995 were 0.88 (95% CI: 0.78,

1.00), 0.71 (95% CI: 0.54, 0.92), and 0.52 (95% CI: 0.30, 0.91), consistent with published

reports from our cohort showing an inverse association between dairy (major contributor to

dietary vitamin D) and UL (41, 42). The OR for vitamin D supplementation in 1995 or 1997

was 0.97 (95% CI: 0.79, 1.18). Among women using vitamin D supplements or consuming

≥5 mcg/day dietary vitamin D, the association was attenuated for two homozygous GG

genotypes versus no homozygous GG genotypes (OR=1.05, 95% CI: 0.64, 1.71). Among

non-users of supplements consuming <5 mcg/day dietary vitamin D, the OR for having two

homozygous GG genotypes vs. none was 1.53 (95% CI: 1.24, 1.88). Although these results

suggest possible gene-environment interaction, differences in the effect of genotype by

vitamin D supplements/diet were not statistically significant (P-interaction=0.235).

DISCUSSION

This is the first study to assess polymorphisms in vitamin D-related genes in relation to UL

incidence. UL risk was positively associated with the GG genotype of SNPs rs12800438

near DHCR7 and rs6058017 in ASIP. A second SNP near DHCR7, rs4944957, was

nominally associated with UL risk but not after correcting for multiple testing. The high

correlation (r2 = 0.62) between the two DHCR7 SNPs suggests that they may be tagging the

same causal variant. Results did not vary appreciably by age, BMI, or family history of UL,

and results for ASIP were stronger when the control group was restricted to those with a

recent pelvic ultrasound (among whom UL misclassification is reduced). The direction of
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the associations was consistent with the hypothesis that vitamin D deficiency increases UL

risk.

Agouti signaling protein (ASP), encoded by the ASIP gene, was first shown to inhibit

eumelanogensis in human melanocytes in 1997 (26). The ASIP gene is located on

chromosome 20q and consists of three exons (26). The rs6058017 polymorphism is

associated with light and dark pigmentation across the globe (43). The G-allele confers

darker skin in a recessive manner in African Americans (23), consistent with the recessive

risk model observed in our study. In fact, some researchers argue that SNPs in ASIP (and

other skin pigmentation genes) should be considered genetic proxies for lifetime sun

exposure (44).

The rs12800438 is located in the third intron of the NADSYN1 (NAD synthetase 1) gene.

However, the causal variant tagged by this SNP is most likely affecting vitamin D

metabolism through the nearby DHCR7 gene (~4.7 kb away from NADSYN1). DHCR7 is

located on chromosome 11 (11q13.4) and encodes 7-dehydrocholesterol reductase, an

enzyme involved in the conversion of 7-dehydrocholesterol (precursor of cholecalciferol)

into cholesterol in human skin (45). A recent genome-wide methylation study among

African Americans found differences of methylation in 79 CpG sites comparing extremes of

the 25(OH)D plasma distribution (≤25 vs. >75 nmol/L), including 2 CpG sites in the 5’

upstream region of DHCR7 (46). This suggests that genetic variants near DHCR7 affect

vitamin D3 levels through gene expression regulation. Evidence of positive natural selection

at the DHCR7 gene in European and Northeast Asian populations was recently found,

possibly due to selective advantage of having low activity of the 7-dehydrocholesterol

reductase and greater availability of 7-dehydrocholesterol in skin (19). These observations

indicate the presence of high-frequency variants associated with high vitamin D3 levels in

Northern latitude populations, and a lower frequency of those variants in African ancestry

populations. Although rs12800438 was examined in only one (12) of the two GWAS among

European Americans (12, 13), a study investigating 19 of the GWAS-identified SNPs found

that, among darker pigmented African Americans, rs12800438 had the strongest association

with vitamin D deficiency (<20 ng/ml) (OR=0.40; 95% CI: 0.22, 0.75; P=0.004) (25).

Vitamin D supplementation or dietary intake of vitamin D (≥5 mcg/day) appeared to negate

the harmful effect of having two of the high-risk genotypes. Both ASIP and DHCR7 affect

vitamin D synthesis in the skin: ASIP determines skin pigmentation and the ability of skin to

synthesize vitamin D when exposed to sunlight; and 7-dehydrocholesterol reductase (i.e.

enzyme coded by DHCR7) converts 7-dehydrocholesterol into cholesterol and therefore

regulates availability of the substrate for UV light action. If the high-risk ASIP and DHCR7

genotypes are related to deficient vitamin D synthesis in the skin, then we would expect

vitamin D supplementation or dietary intake (not dependent on skin) to reduce the risk

conferred by rs12800438 or rs6058017.

Our data are consistent with three epidemiologic studies published in 2013—two cross-

sectional studies (9, 11) and one case-control study (10)—all showing significantly lower

serum vitamin D3 levels among UL cases than controls. Vitamin D3 may protect against UL

risk by reducing cell proliferation, increasing apoptosis and differentiation, and regulating
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angiogenesis and extracellular matrix synthesis (8, 9, 47, 48), important processes in UL

pathogenesis (7). Specifically, tissue culture studies show that UL treated with calcitriol, the

hormonally active form of vitamin D3 (1,25(OH)2D), exhibit reduced cell proliferation and

diminished extracellular matrix production (48–51). Studies in the Eker rat show that

treatment with calcitriol inhibits UL growth in vivo (52).

Limitations of our investigation include reduced statistical power to detect significant

associations when allele frequencies were low, and the possibility that we may have missed

other important SNPs involved in the vitamin D pathway. The vitamin D related genes we

examined included 4 of the 5 genes in the major pathway of production, metabolism, and

activity, but not CYP27B1. Furthermore, we analyzed only a subset of the GWAS-identified

SNPs (12, 13). However, we incorporated variants of other critical loci (GC, DHCR7, and

CYP2R1) associated with vitamin D levels in GWAS (12, 13) and studies of African

Americans (25). Genes are an imperfect measure of actual vitamin D status. Nevertheless,

some SNPs in the vitamin D pathway have shown strong correlations with serum vitamin D

concentrations (12, 13, 25) and skin pigmentation (23, 44). Our analyses of gene-

environment interactions were underpowered because large sample sizes are needed to be

able to detect differences in genotype by environmental factors; however, there was a

suggestion in the data that dietary and supplemental vitamin D modified the genotype effect

in the expected direction. Because vitamin D supplementation was ascertained along with

calcium supplementation in the earlier years of the study (1995 and 1997), at a time when

supplementation was less common, underascertainment of actual vitamin D supplementation

throughout the follow-up period was likely. Finally, we lacked prospective data on an

important environmental predictor of vitamin D status: sun exposure.

Strengths of our study include adjustment for age, geographic region, and ancestry, potential

confounders of the vitamin D-UL association. Observed minor allele frequencies were

consistent with 1000 Genomes Project data for populations of African ancestry (53). Cohort

retention was high, reducing potential for differential loss to follow-up. Because we did not

screen all women for UL, we may have misclassified true cases (5). However, our validation

study of UL indicated high accuracy in reporting (>96%) and results were similar when we

restricted the control group to women with a recent pelvic ultrasound. Although

misclassification of UL was likely because small tumors may not have been recorded or

reported to the participant, and the 5-year ultrasound interval was fairly broad, any

misclassification would be non-differential (unrelated to genes under study) and lead to

attenuation of effects. The large sample size conferred high statistical power to detect

relatively small differences in risk. Because 87% of cases had UL-related symptoms or a

palpable tumor on pelvic exam (31), our results likely apply to symptomatic UL, which

represents the disease burden in reproductive-aged women.

In summary, two SNPs involved in the vitamin D pathway were associated with UL risk:

rs12800438 near DHCR7 and rs6058017 in ASIP. Our data provide support for the

hypothesis that vitamin D deficiency is involved in UL etiology, but we did not have serum

measurements of vitamin D to test the hypothesis directly. It remains to be shown whether

vitamin D3 deficiency explains a large fraction of the black-white disparity in UL incidence.
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Prospective studies involving direct measurement of vitamin D3 levels before UL diagnosis

are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Baseline characteristics of cases and controls. Black Women’s Health Study, USA, 1997–2011.

Characteristics
Controls
(N=2,432)

Cases
(N=2,232)

Age in 1997 (y), mean 34.5 ± 7.0 34.3 ± 6.2

Age at diagnosis (cases) or end of follow-up (controls) (y), mean 45.5 ± 6.0 38.4 ± 6.3

Percent European ancestry, mean 21.2 ± 11.1 19.7 ± 10.3

Age at menarche (y), mean 12.4 ± 1.6 12.2 ± 1.6

Parous in 1997, %a 59.6 53.7

Age at first birth in 1997 (y), meana 23.9 ± 6.5 22.9 ± 5.0

Time since last birth in 1997 (y), meana 8.6 ± 8.2 9.8 ± 6.8

Education in 1995 (y), mean 14.9 ± 1.8 14.9 ± 1.7

BMI in 1997 (kg/m2), mean 27.6 ± 6.8 27.6 ± 6.7

Current alcohol intake (drinks/wk), mean 1.3 ± 3.0 1.4 ± 3.1

Smoking history, %

    Current 9.8 10.8

    Former 18.1 15.3

Geographic region of residence, %

    Northeast 18.3 21.9

    South 38.9 37.9

    Midwest 23.9 23.2

    West 18.9 17.0

Recent Papanicolau smear, % 95.2 94.9

Abbreviations: UL, uterine leiomyomata; BMI, body mass index.

Means (± SD) and percentages are standardized to age distribution of sample in 1997.

a
Restricted to parous women only.
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Table 3

Association between Vitamin D SNPs and UL. Recessive model.

SNP Cases/controls Unadjusted model
OR (95% CI)

Adjusted model
OR (95% CI)a

rs12800438

    AA/GA 1,380/1,589 1.00 1.00

    GG 829/796 1.20 (1.06, 1.35) 1.16 (1.02, 1.31)

rs6058017

    AA/GA 1,182/1,413 1.00 1.00

    GG 941/908 1.24 (1.10, 1.40) 1.17 (1.04, 1.33)

Sum of homozygous GG
genotypes

    None 744/933 1.00 1.00

    One 995/1,049 1.19 (1.05, 1.35) 1.12 (0.98, 1.28)

    Two 368/302 1.53 (1.28, 1.83) 1.42 (1.18, 1.71)

a
Adjusted for age in 1997, geographic region, and percent European ancestry.

Numbers of cases and controls do not sum to 2,432 and 2,232, respectively, due to missing genotype data.
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Table 4

Association between Vitamin D SNPs and UL by dietary/supplemental intake of vitamin D

Dietary or supplemental intake of vitamin D

<5 mcg/d (<200 IU) and
no supplements

≥5 mcg/d (≥200 IU) or
supplements

SNP Cases/
controls

Adjusted modela
OR (95% CI)

Cases/
controls

Adjusted modela
OR (95% CI)

rs12800438

    AA/GA 1,183/1,323 1.00 (ref.) 197/266 1.00 (ref.)

    GG 715/665 1.16 (1.01, 1.33) 114/131 1.15 (0.84, 1.57)

rs6058017

    AA/GA 999/1,177 1.00 (ref.) 183/236 1.00 (ref.)

    GG 820/757 1.23 (1.07, 1.41) 121/151 0.99 (0.72, 1.35)

Sum of homozygous GG
genotypes

    None 329/251 1.00 (ref.) 107/154 1.00 (ref.)

    One 842/873 1.31 (1.00, 1.72) 153/176 1.19 (0.85, 1.65)

    Two 637/779 1.53 (1.24, 1.88) 39/51 1.05 (0.64, 1.71)

a
Adjusted for age in 1997, geographic region, and percent European ancestry.

Numbers of cases and controls do not sum to 2,432 and 2,232, respectively, due to missing genotype data.
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