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Abstract
Objectives—Vitamin D has immune-modulating effects and may protect against the development
of Systemic Lupus Erythematosus (SLE) and Rheumatoid Arthritis (RA).

Methods—We identified incident cases of SLE and RA among 186,389 women followed from
1980-2002 in the Nurses' Health Study and Nurses' Health Study II cohorts. We excluded subjects
with non-confirmed SLE or RA by medical record review, and those who failed to return
questionnaires. Semi-quantitative food frequency questionnaires assessed vitamin D intake from
food and supplements. We used cumulative-updated total energy-adjusted dietary exposures for each
two year cycle.

Relationships between vitamin D intake and incident SLE and RA were examined in age-adjusted
and Cox proportional hazards models, adjusted for confounders. Results were pooled using meta-
analysis random effects models.

Results—We confirmed 190 incident cases of SLE and 722 of RA with dietary information.
Increasing levels of vitamin D intake had no relationship to the relative risk of developing either SLE
or RA.

Conclusions—Vitamin D intake was not associated with risk of SLE or RA in these large
prospective cohorts of women.

Keywords
systemic lupus erythematosus; rheumatoid arthritis; risk factors; epidemiology; vitamin D

Vitamin D status may be important in autoimmune disease pathogenesis[1,2], as active 1,25-
dihydroxyvitamin D has multiple immunomodulating effects. [1,3,4] Systemic lupus
erythematosus (SLE) and rheumatoid arthritis (RA) are related autoimmune diseases of
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unknown etiology. Both primarily affect women and are characterized by autoantibody
production, inflammatory polyarthritis, and systemic inflammation.

The hypothesis that vitamin D intake could be related to risk of SLE or RA is attractive for
several reasons. The vitamin D receptor is expressed constitutively by macrophages and
dendritic cells and is induced with lymphocyte activation.[5] 1,25-dihydroxyvitamin D is
produced by activated macrophages in response to interferonγ and toll-like receptor signaling.
[6] In vivo, 1, 25hydroxyvitamin D supplementation forestalls development of arthritis in
experimental models.[7] Increased vitamin D intake is associated with decreased risk of other
autoimmune diseases, including type I diabetes mellitus[8] and multiple sclerosis.[9] Vitamin
D deficiency is prevalent in SLE [10-12] and RA [13-15], but this may be due to disease.

In the Iowa Women's Health Study, higher baseline vitamin D intake was associated with
decreased risk of RA[16], but serum 25-hydroxyvitamin D was not related to future RA in a
Dutch case-control study using blood bank samples.[17] Potential associations of vitamin D
intake or serum level with risk of SLE have never been investigated prospectively.

Our aim was to investigate associations between, vitamin D intake and two outcomes, incident
SLE and RA, among women in the Nurses' Health Study (NHS) and Nurses' Health Study II
(NHSII), the largest cohorts of women followed prospectively for rheumatic disease.

Methods
Study Population

NHS is a prospective cohort of 121,700 female nurses, aged 30-55 years in 1976 at study
inception. The first semi-quantitative food frequency questionnaire (FFQ) [18] was mailed to
NHS participants in 1980. NHSII was established in 1989, when 116,608 female nurses aged
25-42 completed a baseline questionnaire about lifestyle and medical history. The first semi-
quantitative FFQ was mailed to NHSII participants in 1991. Ninety-four percent of the NHS
participants from 1976-2002 and 95% of NHSII participants from 1989-2003 remain in active
follow-up (5-6% no longer respond to questionnaires and have not been confirmed as dead).
Information is prospectively collected in both cohorts via biennial questionnaires. The Brigham
and Women's Hospital Institutional Review Board approved this study.

Identification of SLE and RA
As previously described [19-22], we employed a two-stage procedure in which nurses who
reported connective tissue disease received a connective tissue disease screening questionnaire
(CSQ) [23], and, if positive, a medical record review. Two rheumatologists trained in chart
abstraction independently conducted a medical record review examining the charts for the
American College of Rheumatology (ACR) diagnostic criteria for SLE [24,25] and RA. [26]
SLE and RA cases were confirmed if they met ACR criteria. Case validation rates for both
SLE and RA were 7% of the total self-reports.

Population for Analysis
We excluded prevalent cases of SLE and RA, and all women who reported any connective
tissue disease that was not subsequently confirmed as SLE or RA as above. We included only
nurses who had completed the FFQ at baseline, 1980 in the NHS and 1991 in NHSII. Women
were censored at last response to questionnaires, as incident cases could not be identified. The
final group included 91,739 women followed from 1980-2002 in the NHS and 94,650 women
followed from 1991-2001 in the NHSII. In a sensitivity analysis, we excluded women who
reported any cancer (except non-melanoma skin cancer) at any time, as cancer and its treatment
may affect vitamin intake and health behaviors.
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Nutritional factors
The semi-quantitative FFQ on which participants reported the frequency of consumption for
specified foods over the past year was used to assess nutritional factors. NHS participants
completed the FFQ in 1980, 1984, 1986, 1990 and 1994, and 1998, and NHSII participants
returned FFQs in 1991, 1995 and 2001. Dietary nutrients (i.e., vitamin D, calcium, protein,
vitamin A), alcohol and caffeine were calculated according to the nutrient content of foods,
derived from the U.S. Department of Agriculture, food manufacturers, and other published
sources. The accuracy and reproducibility of the FFQ for nutrients and foods have been
documented in validation studies.[18,27,28] In a study comparing the FFQ to weekly complete
diet diaries in NHS, the correlation was 0.81 for skim milk and 0.66 for fish, the two largest
contributors to dietary vitamin D.[27] The correlation between serum 25-hydroxy vitamin D
level and vitamin D intake as assessed by the semi-quantitative FFQ in NHS participants was
0.25 (p<0.001).[29]

In NHS, multivitamin use was first assessed in 1980 and use of calcium or vitamin D
supplements was added in 1982. In NHSII, all three supplements were assessed in 1991, and,
in both cohorts, they were included on every questionnaire after the initial measurement.
Participants were asked for the name brand of multivitamins, as well as number of tablets taken
per week. For calcium supplements, participants specified dose per day. Vitamin D supplement
use was coded as 400 IU/day. The sensitivity and specificity of the FFQ regarding any
supplement use were 78 and 93% respectively.[30]

Total nutrient intakes included amounts from multivitamins, specific supplements, and foods.
Nutrient intakes correlated with total energy intake (all except caffeine and alcohol) were
adjusted for total energy intake with linear regression analyses.[31] All nutrient intake values
were cumulatively updated in each two-year follow-up cycle, i.e. each nutrient was calculated
as the mean of intakes to that time. Vitamin D from food and from supplements were examined
separately and together in quintiles, quartiles, as continuous values, in categories of
international units (IU) per day: (0, < 200, 200-399, and ≥ 400), and defined dichotomously
as < 400 or ≥ 400 IU per day.

Covariate Information
Age was updated each cycle. Based on past findings, risk factors for RA and SLE in these
cohorts [20,22,32], including smoking, age at menarche, menstrual regularity, and menopausal
status were included as potential confounders. We included parity and total duration of
breastfeeding in RA analyses. Postmenopausal hormone use was included as a covariate in
NHS cohort analyses, but not in NHSII cohort analyses as few women were postmenopausal
during these years.

Body mass index (BMI) was computed for each two-year time interval using most recent
weight in kilograms divided by height in meters squared. Hours per week spent in physical
activities were assessed seven times in NHS and four times in NHSII. A validation study found
a correlation of 0.79 between one week exercise recall and exercise reported on the NHS
questionnaire.[33] Husband's educational level was assessed in 1992 in NHS and 1999 in
NHSII.

In 1992 (NHS) and 1991 (NHSII), participants reported state of birth and state of residence at
ages 15 and 30 (82% response rate in NHS and 85% in NHSII), and current address was verified
for each biennial questionnaire mailing. To examine latitude of residence at each time period,
we divided the continental U.S. into Northern (above 41 degrees latitude), middle (between 37
and 41 degrees latitude) and Southern (below 37 degrees latitude) tiers, categories used in
analyses of risk of multiple sclerosis in these cohorts.[34]
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As 80% of the body's 25-hydroxy vitamin D stores are derived from ultraviolet (UV) light
exposure[2], we employed the mean UV index, a measure of mean ultraviolet radiation level
on a 1-11 scale developed by the National Weather Service and the Environmental Protection
Agency, [35-37], of state of residence at birth, and at ages 15 and 30 for the month of August.
This measurement accounts for time of day, cloud cover, haze, ozone concentration, latitude
and altitude by estimating incident UV radiation on the earth's surface, and is associated with
increased risk of squamous and basal cell carcinomas in women in NHS.[38]

In 1992 and 1991, NHS and NHSII participants reported their racial and ethnic ancestry as
African, Asian, Hispanic, Caucasian, or other. Most women (98% in NHS and 97% in NHSII)
reported Caucasian ancestry, reflecting the racial background of nurses in the U.S. during the
cohort enrollment years. Natural hair color at age 18 was asked in 1982 (NHS) and 1991
(NHSII), and skin type (likelihood to sunburn) was assessed in 1982 (NHS) and 1989 (NHSII).

Statistical analysis
All analyses were initially conducted separately in the two cohorts. Person-years of follow-up
accrued from return of the baseline questionnaire until diagnosis of SLE or RA, report of
connective tissue disease not confirmed as SLE or RA, death, or loss-to-follow-up. Age-
adjusted relative risks were calculated stratifying participants into 5-year age categories. Cox
proportional hazards regression models were employed to study the association between
vitamin D intake and SLE and RA (developing from ages 29-78), while adjusting for covariates.
The primary analyses were performed for cumulatively updated average intake of vitamin D.
Secondary analyses employed baseline vitamin D intake and most recent vitamin D intake. We
used time-varying information for covariates from each two-year questionnaire to analyze risk
of SLE and RA in the next two-year cycle. All tests for linear trend across quintiles were
performed in Cox models employing the midpoint of each category (in age-adjusted and
multivariable models). To increase precision of risk estimates and to obtain a single summary
from NHS and NHSII cohorts, relative risk results from the two cohorts were meta-analytically
pooled using a random effects model.[39] Data were combined only when there was no
significant evidence of heterogeneity between results from the two cohorts.

In a sensitivity analysis, we excluded all women who reported any cancer at baseline or during
follow-up from both cohorts, as cancer may affect vitamin intake. In a subanalysis, we
examined the relationship between vitamin D intake and risk of rheumatoid factor positive RA
in both cohorts. SAS version 9 was employed for all analyses.[40]

Results
The characteristics of the women participating in the NHS and NHS2 in 1990 and 1991
respectively are shown in Table 1 according to quintiles of Vitamin D intake. Women with
higher vitamin D intake had other markers of a healthy lifestyle. Fewer were current smokers
and more were past smokers, they had more physical activity, lower intake of caffeine, higher
intake of calcium, protein and vitamin A, and a higher proportion had breastfeed their infants
for a year or more. Only 3-4% of participants were postmenopausal in NHSII in 1991. In NHS,
more postmenopausal women, and more taking postmenopausal hormones, had high vitamin
D intake. There were no differences in race, susceptibility to sunburn, natural hair color, BMI,
husband's educational status, geographic area at age 15, age at menarche, or parity according
to vitamin D intake. There were also no important differences in the characteristics (listed in
Table 2) of women who responded to our additional mailings compared to those who did not
respond (data not shown).

Characteristics at diagnosis of the SLE and RA cases included in these analyses in each of the
cohorts are shown in Tables 2a and 2b. Almost all cases of SLE had antinuclear antibodies at
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diagnosis and 57% of RA cases were rheumatoid factor positive at diagnosis. Most cases in
both cohorts were diagnosed by a physician who was an ACR member.

Results of age-adjusted and multivariable Cox proportional hazards models investigating the
relative risks of developing SLE or RA according to quintile of cumulative intake of vitamin
D from food and supplements combined, and supplements alone, are shown in Tables 3 and
4. The final multivariable models for SLE included age at menarche, oral contraceptive use,
menopausal status, postmenopausal hormone use, cigarette smoking, latitude of residence at
age 15 (North, Middle or South U.S.), physical activity in metabolic equivalent hours per week,
BMI in kg/m2, and race. Final multivariable models for RA included the same covariates plus
parity and total duration of breastfeeding as we have found these to be related to risk of RA in
our prior analyses.[22] Additional adjustments for BMI at age 18, alcohol intake, husband's
educational level, menstrual regularity, skin type, hair color, UV index in state of residence at
birth, and ages 15 and 30, did not affect the relative risks in any of the multivariable models
in either cohort and so these variables were not included in the final models. There was no
evidence of statistical heterogeneity between the cohorts (p heterogeneity > 0.05) for all
analyses.

We observed no associations between cumulative average vitamin D intake, defined in
different models as vitamin D from food sources only, from food and supplements, and divided
into quintiles, into quartiles, in multiple or dichotomous categories of daily intake, or as a
continuous measure, and the risks of SLE or RA. The only significant association we observed
was for > 400 IU/day of supplemental vitamin D with increased risk of RA among women in
the NHSII younger cohort (p trend =0.04). (Table 4) This association was not seen in the NHS
cohort or in the combined analyses. The point estimates for the relative risk of RA among
women in the higher categories of supplemental vitamin D intake in the NHSII cohort did
increase after adjustment in our multivariable models. We did not find that any single covariate
in the multivariable models was responsible for confounding however. The pooled relative risk
for incident SLE in the highest category of vitamin D intake was 1.4 (95%CI 0.8, 2.3) and the
pooled relative risk for RA was 1.0 (95%CI 0.8, 1.3). In a sensitivity analysis excluding women
who reported cancer at baseline or during follow-up, results in both cohorts and for both
outcomes were unchanged. No relationship between vitamin D intake and the risk of
rheumatoid factor-positive RA was observed in either cohort. Analyses of vitamin D from the
baseline questionnaire only or updated vitamin D intake reflecting more recent intake were
similarly null for both diseases.

Discussion
In our prospective analyses involving over 180,000 women followed for up to 22 years, we
have found no strong evidence of association between vitamin D intake and the risks of SLE
or RA. No clear trends of increasing risk of either of these autoimmune diseases were found
in relation to vitamin D intake.

In the Iowa Women's Health Study a fairly strong protective effect of high vitamin D intake
at baseline on RA risk over the ensuing 11 years was observed (RR 0.67, 95%CI 0.44, 1.00, p
trend 0.05).[16] In that prospective cohort study of 29,368 postmenopausal women with 152
incident cases of RA, inverse associations were seen for the risk of RA according to a single
measurement of vitamin D intake at study baseline, which we did not observe. It is unclear
whether differences in the study populations, such as age and relative vitamin D status, or other
factors such as chance, bias or confounding explain the discrepant results. In a recent study in
the Netherlands that took advantage of serial banked blood samples from 79 individuals who
subsequently developed RA, 25-hydroxy vitamin D deficiency was equally prevalent among
cases and controls.[17]

Costenbader et al. Page 5

Ann Rheum Dis. Author manuscript; available in PMC 2009 July 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Our study includes a large number of incident cases, as well as detailed, repeated assessment
of exposures allowing for assessment of average and more recent diet, time-varying covariates,
prospective assessment of most exposures, and long follow-up. The accuracy and validity of
the semi-quantitative FFQ have been well-studied and, in past analyses in NHS and NHSII,
associations between vitamin D intake and risks of hip fractures[29], type II diabetes mellitus
[41], multiple sclerosis[9] and pancreatic cancer[42] have been observed. Our two stage
validation process includes careful medical record reviews, and all women who self-reported
any connective tissue disease not confirmed as definite SLE or RA were excluded to reduce
misclassification. Results were similar excluding women with malignancy, and for seropositive
RA only.

Limitations include use of self-reported exposure data, observational study design, and
applicability of results to Caucasian female populations only. With 190 validated cases of SLE
and 722 cases of RA developing during the years studied, we have limited power to detect a
small effect of vitamin D intake and the confidence intervals were relatively wide, in particular
in the SLE analyses. Most of vitamin D stores are derived from UV exposure stimulating dermal
synthesis.[2] We controlled for latitude and UV index, natural hair color, skin type, and
physical activity, and none were related to SLE or RA risk, nor did they confound observed
relationships. We do not have measures of recent UV exposure, accurate measures of sunscreen
use or time outdoors, although these questions recently have been added.

The current prospective study does not lend evidence to the hypothesis that increasing vitamin
D intake can protect against SLE or RA, important autoimmune diseases in women.

Acknowledgments
The authors gratefully acknowledge the participants in the NHS and the NHSII for their continuing cooperation. The
authors also thank Frank Speizer, Walter Willett, Graham Colditz and Susan Hankinson, as well as Edward Giovanucci
and Henry Kronenberg for their expert advice, and Karen Corsano for her technical assistance.

Funding: Supported by NIH grants AR42630, CA87969, R01 AR49880, K24 AR0524-01 and K12 HD051959. Dr.
Costenbader is the recipient of an Arthritis Foundation/American College of Rheumatology Arthritis Investigator
Award.

References
1. Cantorna MT. Vitamin D and autoimmunity: is vitamin D status an environmental factor affecting

autoimmune disease prevalence? Proc Soc Exp Biol Med 2000;223:230–3. [PubMed: 10719834]
2. Holick MF. Sunlight and vitamin D for bone health and prevention of autoimmune diseases, cancers,

and cardiovascular disease. Am J Clin Nutr 2004;80:1678S–88S. [PubMed: 15585788]
3. Lemire J. 1,25-Dihydroxyvitamin D3--a hormone with immunomodulatory properties. Z Rheumatol

2000;59:24–7. [PubMed: 10769431]
4. van Etten E, Mathieu C. Immunoregulation by 1,25-dihydroxyvitamin D3: basic concepts. J Steroid

Biochem Mol Biol 2005;97:93–101. [PubMed: 16046118]
5. Hayes CE, Nashold FE, Spach KM, Pedersen LB. The immunological functions of the vitamin D

endocrine system. Cell Mol Biol (Noisy-le-grand) 2003;49:277–300. [PubMed: 12887108]
6. Liu PT, Stenger S, Li H, Wenzel L, Tan BH, Krutzik SR, Ochoa MT, Schauber J, Wu K, Meinken C,

Kamen DL, Wagner M, Bals R, Steinmeyer A, Zugel U, Gallo RL, Eisenberg D, Hewison M, Hollis
BW, Adams JS, Bloom BR, Modlin RL. Toll-like receptor triggering of a vitamin D-mediated human
antimicrobial response. Science 2006;311:1770–3. [PubMed: 16497887]

7. Cantorna MT, Hayes CE, DeLuca HF. 1,25-Dihydroxycholecalciferol inhibits the progression of
arthritis in murine models of human arthritis. J Nutr 1998;128:68–72. [PubMed: 9430604]

8. Hypponen E, Laara E, Reunanen A, Jarvelin MR, Virtanen SM. Intake of vitamin D and risk of type
1 diabetes: a birth-cohort study. Lancet 2001;358:1500–3. [PubMed: 11705562]

Costenbader et al. Page 6

Ann Rheum Dis. Author manuscript; available in PMC 2009 July 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



9. Munger KL, Zhang SM, O'Reilly E, Hernan MA, Olek MJ, Willett WC, Ascherio A. Vitamin D intake
and incidence of multiple sclerosis. Neurology 2004;62:60–5. [PubMed: 14718698]

10. Kamen DL, Cooper GS, Bouali H, Shaftman SR, Hollis BW, Gilkeson GS. Vitamin D deficiency in
systemic lupus erythematosus. Autoimmun Rev 2006;5:114–7. [PubMed: 16431339]

11. Bultink IE, Lems WF, Kostense PJ, Dijkmans BA, Voskuyl AE. Prevalence of and risk factors for
low bone mineral density and vertebral fractures in patients with systemic lupus erythematosus.
Arthritis Rheum 2005;52:2044–50. [PubMed: 15986345]

12. Huisman AM, White KP, Algra A, Harth M, Vieth R, Jacobs JW, Bijlsma JW, Bell DA. Vitamin D
levels in women with systemic lupus erythematosus and fibromyalgia. J Rheumatol 2001;28:2535–
9. [PubMed: 11708429]

13. Chiu G. Vitamin D deficiency among patients attending a central New Zealand rheumatology
outpatient clinic. N Z Med J 2005;118:U1727. [PubMed: 16286941]

14. Ralston SH, Willocks L, Pitkeathly DA, Morton R, Smith GD. High prevalence of unrecognized
osteomalacia in hospital patients with rheumatoid arthritis. Br J Rheumatol 1988;27:202–5.
[PubMed: 3378124]

15. Als OS, Riis B, Christiansen C. Serum concentration of vitamin D metabolites in rheumatoid arthritis.
Clin Rheumatol 1987;6:238–43. [PubMed: 3621843]

16. Merlino LA, Curtis J, Mikuls TR, Cerhan JR, Criswell LA, Saag KG. Vitamin D intake is inversely
associated with rheumatoid arthritis: results from the Iowa Women's Health Study. Arthritis Rheum
2004;50:72–7. [PubMed: 14730601]

17. Nielen MM, van Schaardenburg D, Lems WF, van de Stadt RJ, de Koning MH, Reesink HW, Habibuw
MR, van der Horst-Bruinsma IE, Twisk JW, Dijkmans BA. Vitamin D deficiency does not increase
the risk of rheumatoid arthritis: comment on the article by Merlino et al. Arthritis Rheum
2006;54:3719–20. [PubMed: 17075887]

18. Willett WC, Sampson L, Stampfer MJ, Rosner B, Bain C, Witschi J, Hennekens CH, Speizer FE.
Reproducibility and validity of a semiquantitative food frequency questionnaire. Am J Epidemiol
1985;122:51–65. [PubMed: 4014201]

19. Costenbader KH, Feskanich D, Mandl LA, Karlson EW. Smoking intensity, duration, and cessation,
and the risk of rheumatoid arthritis in women. Am J Med 2006;119:503 e1–9. [PubMed: 16750964]

20. Costenbader KH, Feskanich D, Stampfer MJ, Karlson EW. Reproductive and menopausal factors and
risk of systemic lupus erythematosus in women. Arthritis and Rheumatism. 2006submitted

21. Karlson EW, Mandl LA, Aweh GN, Grodstein F. Coffee consumption and risk of rheumatoid arthritis.
Arthritis Rheum 2003;48:3055–60. [PubMed: 14613266]

22. Karlson EW, Mandl LA, Hankinson SE, Grodstein F. Do breast-feeding and other reproductive factors
influence future risk of rheumatoid arthritis? Results from the Nurses' Health Study. Arthritis Rheum
2004;50:3458–67. [PubMed: 15529351]

23. Karlson EW, Sanchez-Guerrero J, Wright EA, Lew RA, Daltroy LH, Katz JN, Liang MH. A
connective tissue disease screening questionnaire for population studies. Ann Epidemiol 1995;5:297–
302. [PubMed: 8520712]

24. Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield NF, Schaller JG, Talal N, Winchester
RJ. The 1982 revised criteria for the classification of systemic lupus erythematosus. Arthritis Rheum
1982;25:1271–7. [PubMed: 7138600]

25. Hochberg MC. Updating the American College of Rheumatology revised criteria for the classification
of systemic lupus erythematosus. Arthritis Rheum 1997;40:1725. [PubMed: 9324032]

26. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Cooper NS, Healey LA, Kaplan SR,
Liang MH, Luthra HS. The American Rheumatism Association 1987 revised criteria for the
classification of rheumatoid arthritis. Arthritis Rheum 1988;31:315–24. [PubMed: 3358796]

27. Salvini S, Hunter DJ, Sampson L, Stampfer MJ, Colditz GA, Rosner B, Willett WC. Food-based
validation of a dietary questionnaire: the effects of week-to-week variation in food consumption. Int
J Epidemiol 1989;18:858–67. [PubMed: 2621022]

28. Feskanich D, Rimm EB, Giovannucci EL, Colditz GA, Stampfer MJ, Litin LB, Willett WC.
Reproducibility and validity of food intake measurements from a semiquantitative food frequency
questionnaire. J Am Diet Assoc 1993;93:790–6. [PubMed: 8320406]

Costenbader et al. Page 7

Ann Rheum Dis. Author manuscript; available in PMC 2009 July 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



29. Feskanich D, Willett WC, Colditz GA. Calcium, vitamin D, milk consumption, and hip fractures: a
prospective study among postmenopausal women. Am J Clin Nutr 2003;77:504–11. [PubMed:
12540414]

30. Messerer M, Wolk A. Sensitivity and specificity of self-reported use of dietary supplements. Eur J
Clin Nutr 2004;58:1669–71. [PubMed: 15226758]

31. Willett W, Stampfer MJ. Total energy intake: implications for epidemiologic analyses. Am J
Epidemiol 1986;124:17–27. [PubMed: 3521261]

32. Costenbader KH, Benito-Garcia E, de Pablo P, Karlson EW. Early menarche increases risk of systemic
lupus erythematosus: Results from the Nurses' Health Study [abstract]. Arthritis and Rheumatism
2004;50:S405.

33. Li TY, Rana JS, Manson JE, Willett WC, Stampfer MJ, Colditz GA, Rexrode KM, Hu FB. Obesity
as compared with physical activity in predicting risk of coronary heart disease in women. Circulation
2006;113:499–506. [PubMed: 16449729]

34. Hernan MA, Olek MJ, Ascherio A. Geographic variation of MS incidence in two prospective studies
of US women. Neurology 1999;53:1711–8. [PubMed: 10563617]

35. Schmalwieser AW, Schauberger G, Janouch M, Nunez M, Koskela T, Berger D, Karamanian G.
Global forecast model to predict the daily dose of the solar erythemally effective UV radiation.
Photochem Photobiol 2005;81:154–62. [PubMed: 15453822]

36. Coldiron BM. The UV Index: a weather report for skin. Clin Dermatol 1998;16:441–6. [PubMed:
9699056]

37. Meves A, Repacholi MH, Rehfuess EA. Global Solar UV Index: a physician's tool for fighting the
skin cancer epidemic. Int J Dermatol 2003;42:846–9. [PubMed: 14521708]

38. Qureshi AA, Laden F, Colditz GA, Hunter DJ. Variation in geographical location by age and risk for
skin cancer among US women. 2006in preparation

39. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials 1986;7:177–88.
[PubMed: 3802833]

40. SAS. Vol. 9th. Cary, N.C.: SAS Institute, Inc.; 1990.
41. Pittas AG, Dawson-Hughes B, Li T, Van Dam RM, Willett WC, Manson JE, Hu FB. Vitamin D and

calcium intake in relation to type 2 diabetes in women. Diabetes Care 2006;29:650–6. [PubMed:
16505521]

42. Skinner HG, Michaud DS, Giovannucci E, Willett WC, Colditz GA, Fuchs CS. Vitamin D intake and
the risk for pancreatic cancer in two cohort studies. Cancer Epidemiol Biomarkers Prev
2006;15:1688–95. [PubMed: 16985031]

Costenbader et al. Page 8

Ann Rheum Dis. Author manuscript; available in PMC 2009 July 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Costenbader et al. Page 9
Ta

bl
e 

1
A

ge
-a

dj
us

te
d 

ch
ar

ac
te

ri
st

ic
s o

f t
he

 c
oh

or
t p

ar
tic

ip
an

ts

N
H

S 
su

bj
ec

ts
 in

 1
99

0 
(a

ge
s 4

4-
69

)
N

H
SI

I s
ub

je
ct

s i
n 

19
91

 (a
ge

s 2
7-

44
)

Q
ui

nt
ile

s o
f V

ita
m

in
 D

 In
ta

ke
*

Q
ui

nt
ile

s o
f V

ita
m

in
 D

 In
ta

ke
**

1
2

3
4

5
1

2
3

4
5

A
ge

 in
 y

ea
rs

, m
ea

n
56

56
57

57
58

37
37

37
36

36

W
hi

te
 r

ac
e,

 %
98

98
98

98
98

96
97

98
98

97

Sm
ok

in
g 

st
at

us

 
Pa

st
 sm

ok
er

, %
34

37
37

38
39

20
22

23
23

24

 
C

ur
re

nt
 sm

ok
er

, %
21

17
16

15
14

17
13

11
11

10

A
ge

 a
t m

en
ar

ch
e ≤

 1
0 

ye
ar

s, 
%

6
6

6
6

7
8

8
8

8
8

O
ra

l c
on

tr
ac

ep
tiv

e e
ve

r u
se

, %
48

47
49

50
51

85
85

85
84

84

Pa
ro

us
, %

91
92

92
92

91
74

75
75

74
69

L
ife

tim
e 

br
ea

st
fe

ed
in

g 
≥ 

12
m

on
th

s, 
am

on
g 

pa
ro

us
w

om
en

, %

15
18

20
21

20
33

39
44

45
45

Po
st

m
en

op
au

sa
l, 

%
68

69
69

70
69

4
3

3
3

4

C
ur

re
nt

 u
se

 P
M

H
, a

m
on

g
po

st
m

en
op

au
sa

l, 
%

17
19

21
24

25
82

83
81

85
83

Ph
ys

ic
al

 e
xe

rc
is

e,
 >

3 
ho

ur
s/

w
ee

k
22

27
30

31
32

66
71

74
75

76

B
od

y 
m

as
s i

nd
ex

, (
kg

/m
2)

23
23

24
24

23
25

25
25

24
24

L
iv

ed
 in

 S
ou

th
†  a

t a
ge

 1
5 

(%
)

28
32

34
34

31
25

29
32

32
32

U
ltr

av
io

le
t i

nd
ex

 ≥
 7
γ  i

n 
st

at
e

ag
e 

15
 (%

)
10

10
10

11
11

22
21

19
20

21

N
at

ur
al

 d
ar

k 
br

ow
n/

bl
ac

k
ha

ir
co

lo
r 

(%
)

42
42

42
41

40
43

43
41

41
41

U
su

al
ly

 n
o 

su
nb

ur
n 

(%
)

56
57

58
56

56
54

53
52

52
51

H
us

ba
nd

 >
co

lle
ge

 e
du

ca
tio

n
(%

)
15

17
18

18
17

21
23

25
25

26

D
ai

ly
 m

ul
tiv

ita
m

in
 u

se
 (%

)
4

11
24

45
62

8
16

30
70

96

M
ea

n 
da

ily
 in

ta
ke

:

 
A

lc
oh

ol
 (g

m
)

4
4

4
4

4
4

3
3

3
3

 
C

af
fe

in
e 

(m
g)

30
1

27
9

26
0

24
8

22
8

26
8

25
9

24
3

22
7

19
6

 
C

al
ci

um
 (m

g)
69

8
83

9
96

7
10

95
13

01
68

7
84

6
10

28
11

62
13

73

Ann Rheum Dis. Author manuscript; available in PMC 2009 July 29.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Costenbader et al. Page 10

N
H

S 
su

bj
ec

ts
 in

 1
99

0 
(a

ge
s 4

4-
69

)
N

H
SI

I s
ub

je
ct

s i
n 

19
91

 (a
ge

s 2
7-

44
)

Q
ui

nt
ile

s o
f V

ita
m

in
 D

 In
ta

ke
*

Q
ui

nt
ile

s o
f V

ita
m

in
 D

 In
ta

ke
**

1
2

3
4

5
1

2
3

4
5

 
Pr

ot
ei

n‡  (g
m

)
71

75
77

78
79

80
85

88
89

90

 
V

ita
m

in
 A

‡  (m
cg

)
95

6
11

79
14

35
19

56
29

89
81

0
10

11
12

45
18

74
31

92

* N
H

S 
qu

in
til

e 
cu

to
ff

s:
 1

= 
2-

16
0.

25
; 2

=>
16

0.
25

-2
34

.4
; 3

=>
23

4.
4-

33
3.

6;
 4

=>
33

3.
6-

48
9.

1;
 5

= 
> 

48
9.

1-
39

64
.8

**
N

H
SI

I q
ui

nt
ile

 c
ut

of
fs

: 1
= 

3-
18

7.
9;

 2
=>

 1
87

.9
-2

80
.9

; 3
=>

28
0.

9-
39

2.
0;

 4
=>

 3
92

.0
-5

58
.7

; 5
= 

> 
55

8.
7-

52
03

.0

† So
ut

he
rn

 st
at

es
 an

d 
te

rr
ito

rie
s:

 A
la

ba
m

a,
 A

riz
on

a,
 A

rk
an

sa
s, 

So
ut

he
rn

 C
al

ifo
rn

ia
, F

lo
rid

a,
 G

eo
rg

ia
, H

aw
ai

i, 
Lo

ui
si

an
a,

 M
is

si
ss

ip
pi

, N
ew

 M
ex

ic
o,

 N
or

th
 C

ar
ol

in
a,

 O
kl

ah
om

a,
 P

ue
rto

 R
ic

o,
 S

ou
th

 C
ar

ol
in

a,
Te

nn
es

se
e,

 T
ex

as
.

γ U
ltr

av
io

le
t i

nd
ex

 b
as

ed
 o

n 
th

e 
m

ea
n 

fo
r t

he
 m

on
th

 o
f A

ug
us

t f
or

 st
at

e 
of

 re
si

de
nc

e

‡ N
ut

rie
nt

s i
nc

lu
de

 in
ta

ke
s f

ro
m

 fo
od

 p
lu

s s
up

pl
em

en
ts

, a
dj

us
te

d 
fo

r t
ot

al
 e

ne
rg

y 
in

ta
ke

.

Ann Rheum Dis. Author manuscript; available in PMC 2009 July 29.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Costenbader et al. Page 11

Table 2

Table 2a. Characteristics of the SLE cases at diagnosis

NHS NHSII

N=118 N=72

Mean age at diagnosis, years 53.6 (± 8.2) 42.1 (± 5.3)

Anti-nuclear antibody positive‡, N (%) 112 (96%) 72 (100%)

Anti-dsDNA antibody positive*, N (%) 18 (15%) 39 (54%)

Arthritis, N (%) 23 (19%) 48 (67%)

Hematologic involvement, N (%) 23(19%) 40 (56%)

Renal involvement, N (%) 3 (3%) 4 (6%)

Mean number of ACR criteria** 4.6 (±1.0) 4.7(±1.1)

Diagnosed by ACR member 87 (74%) 65 (90%)

Table 2b. Characteristics of the RA cases at diagnosis

NHS NHSII

N=559 N=163

Mean age at diagnosis, years 58.0 (± 8.6) 44.1(± 5.4)

Rheumatoid factor positive, N (%) 318(57%) 95 (58%)

Rheumatoid nodules, N (%) 69(12%) 18 (9%)

Radiographic changes, N (%) 156(28%) 42 (26%)

Mean number of ACR criteria** 4.6 (± 0.8) 4.5 (± 0.7)

Diagnosed by ACR member 461(84%) 155 (95%)

‡
Anti-nuclear antibody ≥ 1:40 by medical record review

*
Anti-double stranded DNA antibody positive by medical record review

**
4/11 criteria required for diagnosis of SLE by American College of Rheumatology criteria [24,25]

**
4/7 criteria required for diagnosis of RA by American College of Rheumatology criteria [26]
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