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Abstract
Background & Aims—Vitamin D influences innate immunity, which is believed to be involved
in the pathogenesis of Crohn's disease (CD) and ulcerative colitis (UC). However, data examining
vitamin D status in relation to risk of CD and UC are lacking.

Methods—We conducted a prospective cohort study of 72,719 women (age, 40–73 y) enrolled in
the Nurses' Health Study. In 1986, women completed an assessment of diet and lifestyle, from
which a 25-hydroxy vitamin D [25(OH)D] prediction score was developed and validated against
directly measured levels of plasma 25(OH)D. Through 2008, we confirmed reported diagnoses of
incident CD or UC through medical record review. We used Cox proportional hazards modeling to
examine the hazard ratio (HR) for incident CD or UC after adjusting for potential confounders.

Results—During 1,492,811 person-years of follow-up evaluation, we documented 122 incident
cases of CD and 123 cases of UC. The median predicted 25(OH)D level was 22.3 ng/mL in the
lowest and 32.2 ng/mL in the highest quartiles. Compared with the lowest quartile, the
multivariate-adjusted HR associated with the highest quartile of vitamin D was 0.54 (95%
confidence interval [CI], 0.30–.99) for CD (Ptrend = .02) and 0.65 (95% CI, 0.34–1.25) for UC
(Ptrend = .17). Compared with women with a predicted 25(OH)D level less than 20 ng/mL, the
multivariate-adjusted HR was 0.38 (95% CI, 0.15–0.97) for CD and 0.57 (95% CI, 0.19–1.70) for
UC for women with a predicted 25(OH)D level greater than 30 ng/mL. There was a significant
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inverse association between dietary and supplemental vitamin D and UC, and a nonsignificant
reduction in CD risk.

Conclusions—Higher predicted plasma levels of 25(OH)D significantly reduce the risk for
incident CD and nonsignificantly reduce the risk for UC in women.
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Ulcerative colitis (UC) and Crohn's disease (CD), known collectively as inflammatory
bowel diseases (IBDs), are chronic, immunologically mediated disorders with an increasing
incidence worldwide.1, 2 A key pathogenic mechanism in the development of these diseases
is an inappropriate immune response to intestinal microbial flora in a genetically susceptible
host.2, 3 Despite the identification of nearly 100 genetic loci associated with CD or UC
affecting innate or adaptive immune responses and intestinal barrier function,4,5 the risk of
IBD attributable to these known genetic factors is estimated to be less than 25%.2 Thus,
other, as yet undefined, genetic factors and environmental influences appear to play an
important role.

Several lines of evidence support vitamin D as a particularly promising environmental factor
that substantially may influence the risk of developing IBD. First, ecologic studies have
suggested that lower levels of vitamin D associated with reduced solar ultraviolet-B
radiation exposure could account for a north-south gradient, with increased incidence of IBD
among populations at higher latitudes.6 Second, studies have linked single-nucleotide
polymorphisms in the vitamin D receptor (VDR) to increased susceptibility to CD and
UC.7–10 Third, deficiency of 1,25(OH)2D3 and VDR knockout in mouse models increases
the severity of dextran sodium sulfate–induced colitis and administration of 1,25(OH)2D3
suppresses the expression of several tumor necrosis factor-α–related genes.11,12

Administration of cholecalciferol also suppresses peripheral blood mononuclear cell
responsiveness to relevant multiple sclerosis disease antigens.13 However, despite this
compelling data, more direct evidence supporting a role for vitamin D in modulating risk of
incident CD and UC in human beings is lacking. Specifically, there are no prior studies
examining estimates of prediagnostic plasma 25(OH)D, widely considered the best
integrated measure of vitamin D status,14,15 in relation to risk of incident CD or UC.

We therefore sought to examine the association between vitamin D status among women
enrolled in a large prospective cohort, the Nurses' Health Study (NHS), for which detailed
information about dietary and lifestyle predictors of 25(OH)D status have been collected and
validated in relation to plasma vitamin D levels. This cohort offered us a unique opportunity
to examine 25(OH)D and dietary intake of vitamin D several years before diagnosis of CD
or UC, thus minimizing any biases associated with the nutritional deficiencies associated
with preclinical symptoms.

Materials and Methods
Study Population

The NHS is a prospective cohort that began in 1976 when 121,700 US female registered
nurses, ages 30 to 55 years, completed a mailed health questionnaire. With a follow-up
response rate of more than 90%, questionnaires have been mailed every 2 years to update
health information. In 1980, comprehensive dietary and supplement information was
obtained through a validated semiquantitative food frequency questionnaire from which
intake of vitamin D could be derived.16,17 In 1986 the semiquantitative food frequency
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questionnaire was expanded, and a validated physical activity assessment also was
administered. For this analysis, we included the 72,719 women who returned the 1986
questionnaire with data on dietary intake and physical activity and did not have a prior
history of CD, UC, or cancer (except nonmelanoma skin cancer).

Ascertainment of CD and UC
Since 1976, on each biennial questionnaire, participants in the NHS I have reported newly
diagnosed diseases, including UC and CD. When a diagnosis was reported, we sent a
supplemental questionnaire to obtain more detailed information and request permission to
review all pertinent medical records. All records were reviewed by 2 independent
gastroenterologists and cases of UC and CD with dates of diagnosis were confirmed
according to strict diagnostic criteria. Patients were considered to have UC based on a
typical clinical presentation of 4 weeks or more and one of either endoscopic, surgical, or
radiologic changes consistent with chronic UC. A diagnosis of CD was made based on
typical clinical history for 4 weeks or more along with at least one typical finding on
endoscopy, radiologic evaluation showing small-bowel involvement, or surgical findings
consistent with CD in combination with pathology suggesting transmural inflammation or
granuloma. Disagreements were resolved through consensus. Such disagreements occurred
in fewer than 1% of the cases. Through the 2008 questionnaire cycle, 46% of the 1937
women with initial self-report of CD or UC confirmed their diagnosis on a detailed
supplementary questionnaire. We were able to obtain medical records from 82% of the
women who confirmed diagnosis on the follow-up questionnaire and allowed access to
medical records, among whom 78% of cases were confirmed as having CD or UC based on
the aforementioned criteria (Figure 1). Nonresponders were similar to responders in age
(mean age, 53.5 vs 52.6 y, respectively), body mass index (25.3 vs 25.4 kg/m2,
respectively), physical activity (13.3 vs 13.2 met-h/wk, respectively), white race (93.8% vs
94.5%, respectively), never smoking (40.9% vs 36.6%, respectively), predicted vitamin D
score (27.4 vs 27.3 ng/mL, respectively), and dietary (196.7 vs 196.3 IU/day, respectively)
or supplemental vitamin D intake (143.7 vs 138.3 IU/day, respectively) (P > .20 for all
comparisons).

Assessment of Plasma Vitamin D Status
We assessed predicted plasma 25(OH)D status using a previously published and validated
regression model.18 Briefly, this linear regression model to predict the plasma 25(OH)D
level was developed in a parallel cohort of 911 men enrolled in the Health Professionals
Follow-up Study, who had directly measured plasma 25(OH)D levels. By using lifestyle
predictors, which included dietary and supplemental vitamin D intake, exposure to sunlight,
race, body mass index, and regional ultraviolet-B radiation intensity, a linear regression
model with differential weights assigned to the distribution of the individual predictor
variables was developed. Each coefficient was adjusted for season of blood draw.18 The
regression model subsequently was validated in an independent sample of 542 men from the
Health Professionals Follow-up Study and applied to women in the NHS.19,20 By using this
regression model, predicted plasma 25(OH)D status has been correlated with other disease
end points in the NHS that subsequently were validated using direct measurements of
plasma 25(OH)D.21–24

Statistical Analysis
We classified predicted plasma 25(OH)D status and total vitamin D intake (from diet and
supplements) in 1986 according to the quartile distribution of the cohort. We also used
predefined categories of vitamin D intake according to the Institute of Medicine
recommendations regarding dietary reference intakes of vitamin D.25 In our primary
analysis, participants accrued follow-up time beginning on the date of the return of the
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baseline questionnaire and ending on the date of diagnosis of CD or UC, date of death, or at
the end of the follow-up period on June 30, 2008, whichever came first. We calculated the
hazard ratio (HR) by dividing the incidence rate in each exposure category by the incidence
rate in the reference category. We used Cox proportional hazards modeling stratified by age
and time period, to determine the HRs and 95% confidence intervals (CI) while controlling
for potential confounding variables. The covariates included in our multivariate models were
determined a priori based on their known association with CD or UC. Smoking is a well-
recognized risk factor for CD and UC.26,27 Oral contraceptive use, and possibly
postmenopausal hormone use, has been recognized as a risk factor for IBD in recent meta-
analyses.28 Consistent with prior studies of vitamin D, we also adjusted for body mass index
and physical activity in our final model. We modeled smoking status, oral contraceptive use,
and hormone use as time varying covariates up to the questionnaire cycle immediately
before IBD diagnosis. We modeled vitamin D status, body mass index, and physical activity
according to information collected at baseline in 1986, consistent with previous studies of
other end points.18,20 In secondary analyses, we analyzed the individual contributions of
dietary vitamin D (from food) and supplemental vitamin D intake on risk. We assessed for
linear trend by including the median value of each category of vitamin D in our multivariate
models. We also performed a 2-year lagged analysis by excluding cases diagnosed within 2
years of assessment of 25(OH)D status. We evaluated the proportional hazards assumption
by likelihood ratio tests comparing models with and without time-dependent variable-by-
variable interaction terms. All models satisfied the proportionality of hazards assumption.
We used SAS software (version 9.1) (SAS Institute Inc, Cary, NC) for all analyses. All P
values are 2 sided.

Results
Among the 72,719 women included, we documented 122 cases of CD and 123 cases of UC
during 1,492,811 person-years of follow-up evaluation. At baseline, the median age of
participants was 53 years (range, 40–73 y). The median predicted 25(OH)D level was 27.6
ng/mL (range, 7.3–38.6 ng/mL). Table 1 presents the characteristics of the study cohort in
1986 according to the quartile distribution of predicted plasma 25(OH)D level. As expected,
women in the lowest quartile of predicted 25(OH)D level had a significantly higher body
mass index, were less physically active, were more likely to reside in the Northern or
Midwestern United States, and had lower levels of both dietary and supplemental vitamin D
intake.

The median age at diagnosis was 64.0 years (range, 48–80 y) for CD and 63.5 years (range,
44–85 y) for UC, respectively. The median interval between assessment of predicted plasma
25(OH)D level and disease diagnosis was 12 years for UC and 10 years for CD. For each 1-
ng/mL increase in plasma 25(OH)D level, we observed a 6% relative reduction in risk of CD
(multivariate HR, 0.94; 95% CI, 0.89–0.99; P = .03) and a nonsignificant 4% reduction in
risk of UC (multivariate HR, 0.96; 95% CI, 0.91–1.02). Compared with women in the
lowest quartile of predicted plasma 25(OH)D level, women in the highest 2 quartiles had a
significantly lower risk of CD with multivariate HRs of 0.50 (95% CI, 0.28–0.90) and 0.55
(95% CI 0.30–1.00), respectively (Ptrend = .02) (Table 2). For UC, we observed similar
associations, although the comparison of the highest quartile with the lowest quartile of
predicted plasma 25(OH)D level did not reach statistical significance (HR, 0.68; 95% CI,
0.5–1.31).

We also examined the association of 25(OH)D and risk of CD and UC according to
predefined categories of vitamin D sufficiency (plasma 25(OH)D ≥ 30 ng/mL), insufficiency
(plasma 25(OH)D = 20–30 ng/mL), and deficiency (plasma 25(OH)D < 20 ng/mL).
Compared with women who were predicted to be vitamin D deficient, the multivariate HR
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of CD was 0.38 (95% CI, 0.15–0.97) for women predicted to be vitamin D sufficient (Ptrend
= .048). The corresponding multivariate HR of UC was 0.57 95% CI (0.19–1.70) for women
predicted to be vitamin D sufficient (Ptrend = .20).

For vitamin D intake from diet and supplements, each 100-IU/day increase in total vitamin
D intake resulted in a 10% reduction in UC risk (multivariate HR, 0.90; 95% CI, 0.83–0.98;
P = .02) and a 7% reduction in CD risk (multivariate HR, 0.93; 95% CI, 0.86–1.01; P = .09).
Table 3 presents the association between total vitamin D intake from diet and supplements
according to the quartile distribution of the cohort with incident CD or UC. There was a
statistically significant linear trend showing an inverse association between vitamin D intake
and incidence of UC (Ptrend = .04); this relationship was weaker for CD (Ptrend = .22).
Compared with vitamin D intake less than 150 IU/day, intake higher than the reference
dietary intake of 600 IU/day was associated with a reduction in risk of incident UC
(multivariate HR, 0.63; 95% CI, 0.32– 1.22; Ptrend = .026) and a nonsignificant reduction for
CD (multivariate HR, 0.60; 95% CI, 0.31–1.17; Ptrend = 0.18). Intake of vitamin D greater
than 800 IU/day (the recommended intake for age > 70 y) resulted in correspondingly
greater reductions in risk of incident UC (multivariate HR, 0.48; 95% CI, 0.15–1.58; Ptrend
= .04) and CD (multivariate HR, 0.15; 95% CI, 0.02–1.12; Ptrend = .099).

We considered the possibility of reverse causation, with symptoms associated with active
disease influencing predicted 25(OH)D levels before a formal diagnosis of CD or UC.
However, excluding cases of CD or UC diagnosed within the first 2 years after the
assessment of predicted 25(OH)D did not materially alter our risk estimate for CD (HR,
0.53; 95% CI, 0.29–0.95) or UC (HR, 0.60; 95% CI, 0.30–1.17), comparing the highest
quartile of 25(OH)D with the lowest. We also considered the possibility that the associations
we observed with vitamin D status may be owing to a healthy user effect in which women
who take vitamin D supplements may be more likely to observe other healthy behaviors
associated with lower risk of CD and UC. Thus, we repeated the analysis adjusting for
intake of other commonly used supplements that also would be reasonably expected to
correlate with greater health-seeking behaviors. The reduction in CD incidence associated
with a 1-ng/mL increase in predicted plasma vitamin D was not materially altered after
adjusting for regular use of vitamin B complex supplements (multivariate HR, 0.94; 95% CI,
0.89–0.99) or vitamin E supplements (multivariate HR, 0.95; 95% CI, 0.89–1.00). Similarly,
we did not observe any significant changes in our risk estimates for UC in models that
included these covariates.

We examined effect modification according to smoking status or oral contraceptive use. The
reduction in CD risk with a 1-ng/mL increase in predicted plasma vitamin D level was
similar among never-smokers (multivariate HR, 0.95; 95% CI, 0.88–1.01) compared with
ever-smokers (HR, 0.95; 95% CI, 0.87–1.03) (Pinteraction = .61). Similar associations for CD
were observed in strata of women who never used oral contraceptives (multivariate HR,
0.95; 95% CI, 0.89–1.01) or ever used oral contraceptives (multivariate HR, 0.93; 95% CI,
0.85–1.02) (Pinteraction = .84). We also did not observe any effect modification by smoking
or oral contraceptive use for risk of UC according to the predicted plasma vitamin D levels
(Pinteraction > .20).

Discussion
Although deficiency of vitamin D commonly has been described in patients with newly
diagnosed IBD,29 it is unclear if this is a consequence of the disease or a contributor to its
pathogenesis. In this prospective cohort study, we show that predicted levels of prediagnosis
plasma 25(OH)D are associated with a significant reduction in risk of incident CD and
nonsignificant reduction in risk of UC over a follow-up period of 22 years. Taken together,
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our results suggest that vitamin D may be an important mediator in the pathogenesis of CD
and possibly UC.

Our results are supported by data highlighting the role of vitamin D in the innate immune
system and inflammatory response.6, 12, 30 VDRs are located on peripheral blood T-
lymphocytes and antigen presenting cells. Through these receptors, 1,25(OH)2D3, the active
form of vitamin D, suppresses the proliferation of T-helper 1 (Th1) cells and inhibits the
secretion of interleukin-2 and interferon-γ.6,13 1,25(OH)2D3 also induces proliferation of
regulatory T cells that down-regulate the inflammatory response. In addition to its effect on
the T-cell population, 1,25(OH)2D3 inhibits differentiation of peripheral blood monocytes
into dendritic cells and blocks dendritic cell-mediated activation of Th1 cells.6 Deficiency of
1,25(OH)2D3, and VDR knockout increases the severity of dextran sodium sulfate–induced
colitis in mice.11,12,31–33

Although there are no comparable human data examining vitamin D status with the
incidence of CD or UC, our findings are supported by other studies that have linked vitamin
D deficiency with several chronic diseases that may be immunologically mediated,
including multiple sclerosis and type 1 diabetes.34 There also are ecologic studies that have
shown a higher incidence of IBD at higher latitudes where populations typically are exposed
to less ultraviolet radiation, the greatest environmental determinant of plasma 25(OH)D.35,36

Our results suggesting a potentially stronger association of 25(OH)D with CD than UC also
are biologically plausible. First, although CD and UC share several common features, there
are clear differences in their pathogenesis. Among the 99 susceptibility loci that have been
identified to date as associated with either CD or UC, less than half appear to be common to
both diseases.37 Immunologically, CD appears to be Th1-mediated with an increase of Th1-
related cytokines including tumor necrosis factor α and interleukin-12. In contrast, UC is a
Th2-mediated process associated with an increase of interleukin-4 and interleukin-13.37

Second, vitamin D may influence risk of CD through its actions on VDR as a ligand-
activated transcription factor. Ramagopalan et al38 performed chromatin
immunoprecipitation sequencing of VDR in relation to several known autoimmune
susceptibility loci. They found that administration of calcitriol resulted in 3.5-fold
enrichment of VDR binding over basal levels at sites adjacent to several known loci
associated with susceptibility to CD but not UC. Third, administration of 1,25(OH)D3
results in the Nucleotide-binding oligomerization domain-containing protein 2 (NOD2)/
nuclear factor-κB–mediated expression of defensin β 2 (DFB2/HDB2), an effect that is
abrogated by the loss of function mutation in the NOD2 locus associated with CD, but not
UC.39 Nonetheless, our data do suggest a possible weaker association between plasma
vitamin D status and UC with an inverse association for dietary and supplemental vitamin D
intake, suggesting that vitamin D status may play a significant role in UC pathogenesis as
well.

There was a significant trend toward reduction in UC risk with increasing vitamin D intake,
although the hazard ratios for each of the individual quartiles did not reach statistical
significance. A weaker association was observed for CD. One reason for this lack of a
statistically significant reduction in our study is the relatively narrow range of intake of
vitamin D across the cohort with only a relatively small proportion of women with intake
significantly greater than the reference dietary intake.25 Intervention trials of vitamin D
supplementation in Crohn's disease40 and multiple sclerosis13 that showed a benefit to
vitamin D supplementation typically used a higher dose than the median intake in our
highest quartile. Indeed, we observed the greatest reduction in disease risk for vitamin D
intake greater than 800 IU/day, although the small numbers of cases in this stratum
precluded precise comparisons. These results also are consistent with findings from the
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randomized Women's Health Initiative trial in which a relatively low dose of vitamin D
supplementation (400 IU/day) did not reduce the risk of colorectal cancer, despite an inverse
association observed among trial participants who did achieve a 25(OH)D level greater than
35 ng/mL,41 as we also have shown in the NHS cohort.21

Our study had several strengths including the prospective study design, large number of
participants, information on predictors of vitamin D status validated in relation to measured
plasma 25(OH)D level, detailed data regarding potential confounders, and long-term follow-
up evaluation over 22 years. The prospective design of our study avoids the potential recall
and selection biases of retrospective, case-control studies that collect data on diet and
lifestyle after diagnosis of CD or UC. Our assessment of 25(OH)D a median of 10–12 years
before diagnosis also minimizes the potential for reverse causation in which preclinical
symptoms or disease activity before a formal diagnosis of CD or UC is established can
directly influence 25(OH)D levels. Last, we confirmed all cases of CD and UC through
medical record review, a significant advantage over studies that rely on self-report or
discharge codes, which may not accurately reflect true diagnoses.

There were several limitations of our study that merit acknowledgement. First, our cohort
was composed entirely of women, most of whom are Caucasian. However, CD and UC
incidence rates observed were similar to rates from other well-established epidemiologic
cohorts. It is unlikely that biological relations among women in our cohorts will differ from
the US population in general because age or gender differences have not been described
consistently with other well-established environmental risk factors. Second, we used
predicted 25(OH)D status based only on information derived from our baseline
questionnaire, consistent with prior studies of vitamin D in the NHS that subsequently have
been validated with direct measurements of plasma 25(OH)D.19,42,43 However, a single
assessment of 25(OH)D appears to be representative of long-term levels.44 Both published
studies in other cohorts and a prior analysis in NHS has shown high intraclass correlation
coefficients of 0.72 for measures of plasma 25(OH)D taken 3 years apart and 0.52 for
measures taken 10 years apart.44 These intraclass correlation coefficients are consistent with
those of plasma cholesterol (0.65), which is widely considered a reasonable measure of
long-term cardiovascular risk. In addition, using a baseline assessment of vitamin D status
may be associated more plausibly with risk given the latency between specific
environmental exposure and disease onset required before the initiating events in IBD
pathogenesis lead to clinically apparent disease. Our approach also minimized the likelihood
of reverse causation in which symptoms of subclinical disease may lead to modification of
diet or physical activity before a formal diagnosis. Third, in lieu of directly measuring
plasma 25(OH)D levels in each of our participants, we estimated plasma 25(OH)D levels by
using a regression model that has been validated in the NHS and has yielded disease
associations consistent with those identified from direct plasma measurements. Fourth, our
dietary vitamin D information was obtained through use of a semiquantitative food
frequency questionnaire, which may be subject to reporting bias. However, we anticipate the
occurrence of such bias to be infrequent, of a low magnitude, and nondifferential given the
high level of education and medical knowledge of our study participants. In addition, our
dietary instruments have been validated previously and have showed strong correlation with
a 1-year food diary and biochemical measurements of nutrient status.45–48 Nonetheless, all
such dietary instruments are limited by the accuracy of participant reporting. Fifth, the small
number of cases in each quartile precluded our being able to conduct meaningful analyses to
explore effect modification or interaction with known disease risk factors. It also may lead
to overfitting of multivariate models and limit our power to examine weaker associations.
Sixth, it is possible that the regular use of vitamin D supplements may be associated with
other health-seeking behaviors. However, vitamin D supplement intake is only a minor
determinant of vitamin D status. More than 50% of plasma 25(OH)D level is attributable to
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conversion in the skin.14 In addition, compared with the lowest level of vitamin D
supplement intake, intake of more than 400 IU/day of vitamin D supplements increased
plasma 25(OH)D levels by less than 1 ng/mL.19 Thus, our overall associations with vitamin
D status are unlikely to be attributable to differing propensity to use dietary supplements.
Nonetheless, as with all observational studies, we cannot exclude the potential influence of
unmeasured confounders on our risk estimates. Finally, the median age of diagnosis in our
cohort was older than many patients with IBD. However, the influence of other well-
described risk factors, such as smoking, with risk of CD and UC in the NHS appear
consistent with other population-based cohorts, suggesting that our findings may be
generalizable to broader populations. Nonetheless, studies to examine vitamin D status in
younger cohorts are essential.

Our data have several important implications. First, previous studies support a role for
vitamin D in influencing disease activity.40,49 Our results strengthen the rationale for
considering vitamin D supplementation both for treatment of active CD or prevention of
disease flares. Despite the recognized prevalence of vitamin D deficiency in CD patients,
assessment of plasma 25(OH)D level is not yet part of routine care. Thus, studies of vitamin
D supplementation, particularly among vitamin D–deficient patients, to modify disease
activity in patients with established CD, are warranted. Second, our data suggest a possible
role for routine screening for vitamin D deficiency or vitamin D supplementation among
individuals at high risk for development of CD (eg, those identified as high risk according to
genetic predisposition). Last, our results suggest that vitamin D possibly may play a role in
the pathogenesis of IBD. Such insights may lead to the development of novel lines of
therapy as well as interventions that may modulate the risk of incident disease.

In conclusion, we showed that prediagnosis predicted plasma 25(OH)D is associated
significantly with a lower risk of incident CD with a weaker, nonsignificant association with
UC. However, the small number of cases within each quartile in our study precluded firm
establishment of the plausible range of effect sizes for this association. Future studies are
needed to confirm these findings. Further studies on the mechanism of this association and
interaction with known disease-specific and other genetic loci also are necessary. In
addition, larger trials of vitamin D supplementation in at-risk individuals as well as those
with established disease may be warranted.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flow of potential cases of incident Crohn's disease or ulcerative colitis.
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Table 1

Baseline Characteristics of the Study Population According to Predicted Plasma Vitamin D Levels

Quartile 1 (n =
18,183)

Quartile 2 (n =
18,034)

Quartile 3 (n =
18,262)

Quartile 4 (n =
18,240)

Total (n =
72,719)

Median age, y (SD) 53.0 (7.0) 53.0 (7.1) 53.0 (7.2) 53.0 (7.2) 53.0 (7.2)

Median body mass index, kg/
m2 (SD)

29.2 (5.2) 25.0 (4.4) 23.2 (3.5) 22.1 (2.6) 24.2 (4.8)

Activity, met-h/wk (SD) 5.5 (9.4) 10.3 (16.2) 16.5 (20.9) 24.0 (26.9) 7.7 (20.6)

Race, %

 White 91.1 95.6 95.5 95.6 94.5

 Non-white 8.9 4.4 4.5 4.4 5.5

Region of residence, %

 Midwest 19.6 19.3 18.0 20.5 19.4

 North 62.9 60.4 56.2 51.3 57.7

 South 7.4 9.3 11.6 13.6 10.5

 West 10.1 11.0 14.2 14.7 12.5

Smoking status, %

 Never 44.8 43.7 43.7 44.8 44.3

 Past 33.3 33.9 34.6 36.9 34.7

 Current 21.9 22.5 21.7 18.3 21.1

Oral contraceptive use, %

 Never 53.9 52.1 50.2 50.0 51.6

 Past 40.4 41.8 43.4 43.6 42.3

 Current 5.7 6.1 6.4 6.4 6.1

Premenopausal, % 33.2 33.8 34.1 31.3 33.1

Post-menopausal hormone use,

%a

 Never 59.2 53.7 48.6 43.0 51.0

 Past 22.3 22.5 22.5 22.6 22.5

 Current 18.5 23.8 28.9 34.4 26.5

Vitamin D supplemental

intake, IU/day (SD)b
31.6 (108.2) 84.2 (176.6) 140.9 (213.8) 302.4 (239.2) 140 (216.3)

Vitamin D dietary intake, IU/
day (SD)c

155.5 (85.4) 181.2 (95.8) 200.0 (101.7) 256.4 (124.7) 178.1 (109.4)

Median predicted vitamin D
level, ng/mL [range (SD)]

22.9 (7.3–24.9) 26.3 (24.9–27.6) 28.7 (27.6–30.0) 31.8 (30.0–38.6) 27.6 (7.3–38.6)

a
Percentages among post-menopausal women only.

b
Includes vitamin D intake from multivitamins and vitamin D supplements.

c
Includes energy-adjusted vitamin D intake from food.
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Table 2
Risk of CD and UC According to Quartiles of Predicted Plasma 25(OH)D Level

Quartile 1 Quartile 2 Quartile 3 Quartile 4 Ptrend

Person-years of follow-up evaluation 380,369 384,505 377,108 378,763

Crohn's disease

 Number of cases 37 37 22 26

 Age-adjusted HR (95% CI) 1.0 0.99 (0.63–1.56) 0.60 (0.35–1.01) 0.70 (0.42–1.15) .059

 Multivariate HR (95% CI)a 1.0 0.89 (0.55–1.45) 0.50 (0.28–0.90) 0.55 (0.30–1.00) .018

Ulcerative colitis

 Number of cases 35 36 29 23

 Age-adjusted HR (95% CI) 1.0 1.02 (0.64–1.62) 0.84 (0.51–1.37) 0.66 (0.39–1.12) .096

 Multivariate HR (95% CI)a 1.0 0.98 (0.59–1.63) 0.84 (0.47–1.48) 0.68 (0.35–1.31) .17

a
Adjusted for age, smoking (ever or never), oral contraceptive use (current, past, or never), postmenopausal hormone therapy use (premenopausal,

current, past, or never), physical activity (quintiles), and body mass (kg/m2) index (≤21, 21–22.9, 23–24.9, 25–28.9, ≥29).
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Table 3
Risk of CD and UC According to Quartiles of Dietary and Supplemental Vitamin D
Intake

Quartile 1 Quartile 2 Quartile 3 Quartile 4 Ptrend

Person-years of follow-up evaluation 380,151 380,256 380,299 380,039

Crohn's disease

 Number of cases 34 33 28 27

 Age-adjusted HR (95% CI) 1.0 0.95 (0.59–1.54) 0.80 (0.48–1.32) 0.76 (0.46–1.26) .24

 Multivariate HR (95% CI)a 1.0 0.96 (0.60–1.56) 0.80 (0.49–1.32) 0.76 (0.46–1.27) .22

Ulcerative colitis

 Number of cases 34 37 31 21

 Age-adjusted HR (95% CI) 1.0 1.08 (0.68–1.72) 0.91 (0.56–1.48) 0.61 (0.35–1.05) .04

 Multivariate HR (95% CI)a 1.0 1.10 (0.69–1.76) 0.93 (0.57–1.52) 0.64 (0.37–1.10) .04

a
Adjusted for age, smoking (ever or never), oral contraceptive use (current, past, or never), postmenopausal hormone therapy use (premenopausal,

current, past, or never), physical activity (quintiles), and body mass (kg/m2) index (≤21, 21–22.9, 23–24.9, 25–28.9, ≥29).
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