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Abstract
Rationale—Although both folic acid intake and vitamin D levels are hypothesized to be
contributors to increased incidence of allergic diseases, prospective studies of these relationships
have not been done in adults.

Objectives—To determine whether serum folate or vitamin D levels are associated with incident
mouse sensitization among new workers at a mouse facility.

Methods—Subjects started employment at the Jackson Laboratory between June 2004 and July
2007. Skin testing to mouse and other allergens, and collection of questionnaire data, was
performed at baseline and every 6 months. Serum folate and vitamin D levels were assessed on
baseline samples stored at −80°C. Folate was categorized into tertiles (2.5–10.5 ng/ml, 10.5–
16.2ng/ml and 16.2–78.4ng/ml). Vitamin D was categorized as <20 ng/ml, 20–29 ng/ml or ≥30 ng/
ml. This was a nested case/control study in which 5 controls were matched to each case on
baseline atopy and type of employment. Multivariate analyses controlled for age, sex, education,
smoking, season, personal mouse exposure, serum folate and vitamin D levels.

Measurements and Main Results—35 cases and 47 controls were included. The odds of
incident mouse sensitization were higher in the intermediate and highest tertiles of serum folate,
compared to the lowest tertile of serum folate (OR: 10.5 [95% CI: 1.8–61.5], p=0.009, and OR:

©2013 American Academy of Allergy, Asthma and Immunology. Published by Mosby, Inc. All rights reserved.

Correspondence to: Corinne A. Keet, MD, Johns Hopkins Hospital, CMSC 1102, 600 N. Wolfe St., Baltimore, MD 21202, Ph: (410)
955-5883, Fax: (410) 955-0229, ckeet1@jhmi.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
J Allergy Clin Immunol. Author manuscript; available in PMC 2015 February 01.

Published in final edited form as:
J Allergy Clin Immunol. 2014 February ; 133(2): 399–404. doi:10.1016/j.jaci.2013.09.042.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



5.6 [95% CI: 1.8–31.3], p=0.049, respectively in the multivariate model). Serum vitamin D was
not associated with incident mouse sensitization.

Conclusions—These findings support a role for higher serum folate levels in increased risk of
incident allergic disease, even during adulthood.
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Introduction
Among the hypothesized causes of the recent increase in allergic diseases are changes in
micronutrients among the U.S. population. Two leading contenders for this hypothesis are
folate and vitamin D. Specifically, increased folic acid intake, due to supplementation and
fortification of foods, and decreased vitamin D production, due to more time indoors, have
both been linked to increased risk of allergic sensitization(1–11). However, data supporting
either hypothesis are mixed. Studies have generally either been cross-sectional or birth
cohorts, and, for folate, have shown different associations with sensitization in studies
addressing prenatal and early life exposure(1–3) than in those studying older children or
adults(12, 13). It has been hypothesized that the increased risk of allergic outcomes with
higher prenatal folate seen in some birth cohorts is due to epigenetic effects, and that this
mechanism is relevant at critical developmental times only(5, 14). To our knowledge, there
are no published studies that specifically examine whether either folate or vitamin D levels
are associated prospectively with new allergen sensitization in adults.

The Jackson Laboratory cohort offers a unique opportunity to explore predictors of de novo
sensitization in adults. This longitudinal cohort is composed of new employees at the Bar
Harbor, Maine, Laboratory, a mouse research and production facility that sells over 2
million mice per year. Enrolled subjects are assessed at baseline and every six months for
mouse sensitization, and detailed information, including direct measurement of personal
mouse allergen exposure, are collected periodically. Using this cohort, we sought to
determine whether baseline serum folate or vitamin D levels were associated with incident
mouse sensitization.

Methods
Description of cohort

As has been previously described(15), this cohort was drawn from subjects who started non-
temporary, full-time employment at The Jackson Laboratory between July 2004 and
December 2007. Eligibility criteria included age of at least 18 years, provision of written
informed consent, and, for this analysis, absence of mouse sensitivity by skin prick test at
baseline. This study was approved by Institutional Review Boards at the Johns Hopkins
Medical Institution and the Jackson Laboratory.

Assessment of outcomes and confounders
Briefly, skin prick testing was performed at baseline and every 6 months using the Multi-
Test II device (Lincoln Diagnostics, Decatur, Ill). A positive result was defined as an
orthogonal wheal size of at least 3 mm more than that elicited by the negative control. At the
baseline visit the following allergens were tested using two Multi-testers and atopy was
defined as a positive result to at least one: mouse, rat, cat, dog, Dermatophagoides
pteronyssinus, Dermatophagoides farinae, pine, birch, oak, orchard grass, Alternaria
species, Aspergillus species, Penicillium species, and ragweed. At follow-up visits the
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following allergens were tested using one Multi-tester: mouse, rat, cat, dog, dust-mite mix,
and pine.

Baseline demographics were captured by a questionnaire at the first visit administered by the
study staff. A follow-up questionnaire was administered at subsequent visits and captured
interval allergic and occupational history. Subjects were followed for up to 36 months.

The methods for assessing personal mouse allergen exposure have been described in detail
elsewhere(15). Briefly, personal air samples were collected during 2 full 8-hour shifts within
one week period every 6 months using Buck VSS−12 personal sampling pumps (A.P. Buck,
Inc, Orlando, FL). Mus m 1, the major mouse allergen, was quantified using sandwich
ELISA. Personal exposure was defined as the mean of each participant’s repeated Mus m 1
measurements and was categorized into tertiles of exposure to capture the non-linear
relationships with mouse sensitization that were previously reported(15).

Serum folate and vitamin D levels were measured on sera from the baseline visit that were
stored at −80°C. Serum folate was quantified by a paramagnetic particle, chemiluminescent
immunoassay (Access Immunoassay Systems, Beckman Coulter, Brea, CA). Serum folate
was categorized into tertiles (2.5–10.5 ng/ml, 10.5–16.2 ng/ml and 16.2–78.4 ng/ml).
Vitamin D was quantified by LIAISON 25 OH Vitamin D assay from DiaSorin, Inc.
(Stillwater, MN). The assay is a direct competitive chemiluminescent immunoassay (CIA)
for the quantitative determination of total 25 OH vitamin D in serum. Based on prior
literature, vitamin D levels were categorized as <20 ng/ml, 20–29ng/ml, and ≥30 ng/ml,
which some consider insufficient, potentially insufficient and optimal, respectively, although
there is considerable controversy about these labels, particularly for consideration of
conditions apart from bone health(16). This resulted in groups of 26, 28 and 28 subjects
respectively.

Selection of cases and controls
Cases and controls were selected using a nested case control method. Cases were defined as
subjects with incident sensitization to mouse on skin prick testing. Each case subject was
individually matched to five control subjects using incidence density sampling according to
baseline atopic status and whether their employment at The Jackson Laboratory included
mouse handling. With incidence-density sampling, each subject’s eligibility to be a control
was assessed at the same follow-up time as each incident case; thus, each subject could be a
control for more than one case, and cases who became mouse sensitized at later follow-up
dates could serve as controls for cases presenting earlier(17, 18). With this method, time to
development of sensitization is incorporated into the outcome. Most importantly, incidence
density sampling is more robust to bias introduced by loss to follow-up than other methods.

Statistical analysis
Analysis of predictors of case and control status was done using conditional logistic
regression except for the demographic characteristics shown in Table 1, which were
analyzed by chi square statistics for dichotomous variables and Wilcoxon rank sum statistics
for continuous variables and which categorized subjects by whether they ever became cases
or remained controls. Power calculations, assuming a standard deviation of 8 ng/ml in each
serum micronutrient level and 35 cases and 35 matched controls, found 80% power to detect
a difference of at least 3.9 ng/ml in serum vitamin D or folate levels between cases and
controls. Potential confounders included in the analysis were baseline age, sex, education,
smoking status, and season, average personal Mus m 1 exposure, and either baseline serum
vitamin D or folate levels, for analyses of serum folate and vitamin D levels, respectively.
When used as a confounder, serum folate was divided into tertiles, and serum vitamin D was
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categorized as described above. Education was classified as either completing less than a
college degree versus completing at least a college degree. Smoking history was classified
as never, former or current. Confounders were selected based on prior plausibility; only
season was significantly associated with sensitization in the multiple regression model.
Analyses were limited to subjects with data on personal Mus m 1 exposure, which excluded
6 control subjects. All analyses were performed using STATA SE/11 (College Station, TX).

Results
Baseline Characteristics

The cohort from which this nested study was drawn consisted of 260 subjects. Overall, the
cohort was predominantly female (57%), Caucasian (91%), and had positions that involved
handling mice (66%). Similar to the U.S. population as a whole(19), 10% reported current
asthma at baseline. For this analysis, 35 cases and 47 controls were selected. As can be seen
in Table 1, cases and controls were similar except in smoking history; subjects who had
incident mouse sensitization were much more likely to be never smokers than controls
(p=0.02). Both cases and controls were overwhelmingly Caucasian, and were generally
highly educated. (Table 1)

Predictors of serum folate levels
No demographic characteristics were statistically significant predictors of serum folate
levels except smoking status; folate levels were higher among never smokers (median folate
14.0 ng/ml) compared to former (median folate 10.6 ng/ml) and current (median folate 11.0
ng/ml) smokers (p=0.046). Sex, education, race/ethnicity, season and vitamin D levels were
not predictors of serum folate levels (>0.35 for all). (Table 2) Similarly, age was not a
predictor of serum folate (p=0.85).

Association between serum folate levels and incident mouse sensitization
The odds of incident mouse sensitization was highest in the second tertile of serum folate in
unadjusted models (OR: 5.4 [95% CI: 1.9–15.2], p=0.001 when compared to the lowest
tertile of serum folate). This association persisted when analyses were adjusted for age, sex,
education, smoking status, mouse allergen exposure, season and vitamin D group (OR: 10.5
[95% CI: 1.8– 61.5], p=0.009). The highest tertile of serum folate was also associated with a
higher odds of incident mouse sensitization than the lowest tertile, although the odds were
not as high as in the second tertile of serum folate (unadjusted analyses: OR: 2.4 [95% CI:
0.9–6.9], p=0.09, fully adjusted model: OR: 5.6 [95% CI: 1.8–31.3], p=0.049, compared to
lowest tertile). When folate was treated in a continuous manner, there was not a statistically
significant relationship with incident mouse sensitization, although there was a positive
trend (OR: 2.0 [95% CI: 0.7–5.3], p=0.17 in fully adjusted model) (Table 3).

Predictors of serum vitamin D levels
Serum vitamin D levels were higher among female subjects than male subjects (medians: 30
and 20 ng/ml, respectively; p=0.0006) and in the summer and fall (medians: 28 and 29 ng/
ml, respectively) compared to winter and spring (medians: 20 and 17 ng/ml, respectively;
p=0.003). Vitamin D levels tended to be higher among Caucasians (median 25 ng/ml)
compared to non-Caucasians (medians: 25 and 18 ng/ml, respectively; p=0.09). Smoking
history, tertile of serum folate and education did not predict serum vitamin D level (p=0.31,
0.76 and 0.75, respectively). (Table 2) Similarly, age was not a predictor of serum vitamin D
(p=0.17).
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Association between serum vitamin D levels and incident sensitization
Category of vitamin D level was not associated with incident mouse association in either
unadjusted or adjusted models, although there was a trend towards increased odds of
sensitization in the intermediate category of serum vitamin D (unadjusted model: OR: 2.3
[95% CI: 0.8–6.1], p=0.09, fully adjusted model: OR: 2.6 [95% CI: 0.7–10.1], p=0.17,
compared to lowest category of vitamin D). However, this trend was not evident for the
highest category of vitamin D (unadjusted model: OR: 1.7 [95% CI: 0.6–4.7], p=0.27, fully
adjusted model: OR: 1.6 [95% CI: 0.4–6.5], p=0.55, compared to lowest category of vitamin
D). In addition, there was no linear relationship between vitamin D and incident
sensitization (OR: 3.2 [95% CI: 0.7–14.1], p=0.13 in fully adjusted model).

Discussion
In this prospective cohort of new employees at a mouse facility, we found that serum folate
levels were associated with incident sensitization to mouse. Specifically, we found that those
in the middle tertile of serum folate had a 10-fold higher odds of sensitization compared to
those in the lowest tertile, while those in the highest tertile had a 6-fold higher odds of
sensitization compared to the lowest tertile. Our findings that higher levels of serum folate
are associated with higher risk of incident sensitization are consistent with a small but
growing literature showing higher risk of allergic outcomes with higher folate levels.
Intriguing evidence from animal models suggests that folate’s role as a methyl-donor may
mediate its association with allergic disease through epigenetic changes, but this mechanism
has previously been hypothesized to be relevant only during prenatal and early life. Our
findings suggest that folate may continue to have an effect on allergic outcomes throughout
the lifespan. In contrast, although we hypothesized that lower vitamin D levels would be
associated with higher risk of incident sensitization, we did not find a consistent relationship
in this cohort; in fact, there was a trend towards an association between higher levels of
vitamin D and increased odds of sensitization.

In the U.S., mandatory fortification of certain grain products with folic acid for the
prevention of neural tube defects began in 1998, and was associated with a more than
doubling in mean serum folate levels in the general U.S. population(20). Over the same
period, recommendations for prenatal and preconception supplementation with folic acid
were also strengthened(21). Because these interventions occurred simultaneously with
increases in certain allergic diseases, the role of folate in development of atopy has received
recent attention. Several birth cohorts have examined the association between prenatal or
early life folate levels and atopic outcomes. Most relevantly, Okupa et al. found that early
life serum folate levels were associated with higher risk of incident allergic sensitization(1).
Similarly, Kiefte-de Jong et al.(2) and Haberg et al.(3), found that higher maternal folate
levels were associated with higher risk of eczema and asthma, respectively, in children,
although sensitization was not assessed in either cohort. Others studies examining folic acid
intake but not serum folate levels have found mixed results with regard to allergic
sensitization, perhaps because of the biases associated with relying on maternal report of
folic acid intake (4, 22–24).

To our knowledge, prospective studies of the relationship between serum folate levels and
atopic outcomes outside of early childhood have not been done. Two cross-sectional studies
in general populations showed that higher serum folate levels were associated with lower
risk of asthma diagnosis and exacerbation, but were mixed in their findings of allergic
sensitization (12, 13). In contrast, among asthmatics, Lin et al. found that moderate levels of
folate were associated with higher exhaled nitric oxide and IgE, but did not find an
association with asthma symptoms(14). Serum folate may have a relationship with asthma
symptoms and diagnosis that is distinct from that with incident sensitization, as many
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allergic and non-allergic factors play a role in asthma pathology. Our prospective data,
adjusted for important confounders, suggests that higher folate levels may increase the risk
for new allergic sensitization well into adulthood.

Thus, although cross-sectional data initially suggested a protective role for folate in allergic
sensitization, prospective data, including this study, now suggest the opposite. Previous
cross-sectional data may have been inaccurate because it did not adequately measure folate
at the critical time for development of sensitization, or because of unmeasured confounding.

Epigenetic modifications have been proposed as the pathway by which higher folate may
increase the risk of allergic disease. As a methyl-donor, folic acid could contribute to
increased methylation of genetic areas relevant to allergy. Work by Hollingsworth et al.
supports this mechanism. In seminal mouse models, they supplemented pregnant mice with
a diet high in methyl donors, including folic acid, and found increased severity of allergic
airways disease in their offspring, a change that was inherited trans-generationally.
Moreover, they tied this outcome to excessive methylation of the Runt-related transcription
factor 3, a known regulator of allergic airways disease(5). Whether this mechanism mediates
the effects of folate on allergic diseases in humans has not yet been explored.

Folate has a myriad of other biological functions that could also be relevant to sensitization.
Recently it was discovered that folate metabolites activate mucosa-associated invariant T
cells (25), a cell type that could potentially be involved in the early steps of sensitization.
Other functions include key roles in DNA turnover, which may also be important in allergic
diseases. For example, it is possible that low folate levels interfere with Th2 skewing by
impairing T cell differentiation rather than by epigenetic mechanisms (14). In our results,
there was not a clear linear dose response curve for the association between folate and
sensitization; in fact it appeared that the highest risk of sensitization occurred at intermediate
levels of serum folate. This could be because of a threshold effect related to methylation, or
could be due to other effects at higher levels of folate. It has been speculated that other anti-
inflammatory properties of folate may become more important at higher levels, potentially
explaining the relatively smaller effect of higher folate levels compared to intermediate
folate levels on incident sensitization seen here (14). Further research needs to be done to
clarify the mechanisms by which folate may affect the development of allergy.

Although several studies have shown cross-sectionally that children and adults with various
atopic conditions have lower vitamin D levels(6, 7, 11, 26, 27), prospective studies of
vitamin D in association with allergic sensitization have shown much more mixed results,
with some showing higher risk of sensitization with lower vitamin D (8, 9), and others
showing no association or the opposite relationship (10, 28–30). Our data do not support a
role for vitamin D deficiency or insufficiency in new-onset allergic sensitization in adults,
and in fact show a trend towards higher risk of sensitization with higher levels of vitamin D.
Because vitamin D has clear anti-microbial properties, it is possible that previous
relationships seen with respiratory outcomes are primarily due to this property of vitamin D,
and not its effects on the allergic diathesis (31). However, one complication of our current
analysis, and studies analyzing vitamin D in general, is that serum vitamin D levels are
highly dependent on season, and because we do not know the key time-point at which
vitamin D might influence development of sensitization, it is possible that seasonal
variations obscure a real relationship between vitamin D and sensitization. Although we did
adjust for season in our analyses, both residual confounding and the time-varying nature of
this variable could have biased our results. In contrast, seasonal changes are not likely to be
a problem for analyses of associations with folate, as this micronutrient is not influenced by
sun exposure or other seasonal factors.
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The strengths of this study are that it took advantage of the natural experiment that is new
employment at The Jackson Laboratory to prospectively determine the effects of folate and
vitamin D on incident sensitization in subjects with new or intensified exposure to allergen,
a question that has not been studied in adults. In addition, subjects and controls were
matched on the most important predictors of incident sensitization, atopic status and mouse
handling status, and important confounders, including smoking status and season, were
adjusted for in the analyses. However, it is possible that we missed other important
confounders of the relationship between these micronutrients and incident sensitization.
Another important caveat is that we measured incident sensitization but did not have a large
enough sample to assess allergic symptoms here. However, allergic sensitization is a first
step in developing allergic symptoms and is a reasonable surrogate for increased risk of
symptomatic allergy. Despite these caveats, this cohort offers a rare opportunity to study
incident sensitization in a relatively homogenous group of adults.

In summary, this study extends previous findings that have tied higher folate levels to higher
risk of allergic outcomes in children to adults, but did not find evidence that higher vitamin
D levels protect against sensitization. Although it would be quite premature to recommend
reduction in folic acid supplementation based on these results, especially given the very
compelling reasons for folic acid supplementation in pregnant women, this finding does add
to a small but growing literature that supports folic acid fortification and supplementation as
a possible cause of recent increases in incidence of allergic diseases. More research aimed at
understanding the mechanisms of this association may lend insight into whether folic acid
supplementation might be responsible, in part, for the relatively recent increase in allergic
disease. Additional prospective studies extending this study’s findings to other allergic
diseases are also needed, and will help inform the design of clinical trials aimed at
determining if there is an optimal folate level for allergic disease prevention.
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Key Messages

• Higher serum folate levels may be associated with increased risk of new allergic
sensitization among adults.

• No evidence was found that low vitamin D levels increase the risk of new
allergic sensitization among adults.

Keet et al. Page 10

J Allergy Clin Immunol. Author manuscript; available in PMC 2015 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Associations between serum folate level and odds of incident mouse sensitization. Tertile of
serum folate: 1 (2.47–10.45 ng/ml, reference), 2 (10.53–16.16 ng/ml), 3 (16.22–78.44 ng/
ml). Odds ratios are compared to tertile 1, and are adjusted for age, sex, education, smoking
status, mouse allergen level, season and vitamin D levels. CI: Confidence interval.
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Table 1

Characteristics of cases and controls.

Characteristic Cases (n=35)
n (%)

Controls (n=47)
n (%)

p value

Age, median (IQR) 29 (22–35) 32 (24 – 40) 0.15

Female sex 19 (54%) 25 (53%) 0.89

Caucasian race 32 (89%) 43 (86%) 0.69

Education (at least college graduate) 23 (66%) 25 (53%) 0.18

Smoking History 0.02

    Never 25 (71%) 20 (43%)

    Former 3 (9%) 13 (28%)

    Current 7 (20%) 14 (30%)

Tertile of Personal Mus m 1* 0.59

  1 (0.01 – 0.45 ng/m3) 9 (26%) 15 (32%)

  2 (0.45 – 6.51 ng/m3) 16 (46%) 16 (34%)

  3 (6.58 – 629.39 ng/m3) 10 (29%) 16 (34%)

Sensitized to cat or dog 11 (31%) 12 (26%) 0.62

Previously worked with mice 9 (26%) 13 (28%) 0.84

Handle mice† 19 (54%) 29 (62%) 0.65

Atopic† 27 (77%) 36 (76%) 0.95

Folate level (ng/ml), median (IQR) 15.1 (9.5–20.6) 14.1 (6.7–78.4) 0.03

Vitamin D level (ng/ml), median (IQR) 27 (20–36) 23 (14–33) 0.09

*
Personal Mus m 1 exposure was defined as the mean of all of the personal Mus m 1 exposure assessments for each subject.

†
These variables were matched on for selection of controls.
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Table 2

Predictors of serum folate and vitamin D levels.

Predictors of serum folate levels

Median folate level (IQR), ng/ml p value

Smoking history

0.046
  Never 14.0 (11.1 – 21.4)

  Former 10.6 (8.1 – 16.2)

  Current 11.0 (8.5 – 15.8)

Sex

0.52  Female 14.1 (9.1 – 19.4)

  Male 12.2 (10.3 – 15.2)

Education

0.25  Less than college graduate 12.1 (8.7–16.2)

  College graduate or higher 14.1 (9.7–18.9)

Race/ethnicity

0.88  Caucasian 12.8 (9.6 – 17.3)

  Non-Caucasian 12.4 (6.9 – 27.6)

Age

0.75  <30 y 12.8 (10.3–16.2)

  ≥30 y 13.0 (9.1–19.4)

Season

0.88

  Winter 12.9 (9.6 – 19.4)

  Spring 15.2 (8.3 – 21.4)

  Summer 12.2 (8.8 – 17.0)

  Fall 13.0 (9.3 – 17.3)

Vitamin D category

0.38
  <20 ng/ml 11.9 (7.9 – 15.8)

  ≥20–29 ng/ml 13.0 (10.3 – 23.0)

  ≥30 ng/ml 13.4 (9.6 – 19.0)

Predictors of serum vitamin D level

Median vitamin D level (IQR) p value

Smoking history

0.31
  Never 23.5 (17 – 33)

  Former 22.5 (15 – 32.5)

  Current 26.5 (23 – 36)

Sex 0.0006

J Allergy Clin Immunol. Author manuscript; available in PMC 2015 February 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Keet et al. Page 14

  Female 30 (22 – 36)

  Male 20 (16 – 26)

Education

0.75  Less than college graduate 25 (20– 33)

  College graduate or higher 24 (17 – 36)

Race/ethnicity 0.09

  Caucasian 25 (18 – 33)

  Non-Caucasian 18 (14 – 31)

Age

0.33  <30 27 (17–35)

  ≥ 30 23 (18–31)

Season

0.003

  Winter 20 (16 – 26)

  Spring 17 (14 – 24)

  Summer 27.5 (22 – 37)

  Fall 28.5 (18 – 33)

Folate tertile

0.76
  1 (2.5 – 10.5 ng/ml) 25 (17 – 33)

  2 (10.5 – 16.2 ng/ml) 24 (17 – 32)

  3 (16.2 – 78.4 ng/ml) 24 (21 – 32)
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Table 3

Associations between incident sensitization and serum folate levels.

Unadjusted
Model

Adjusted Model 1* Adjusted Model 2†

OR (95% CI)
p value

Folate (natural log) 1.6 (0.9–3.1)
p=0.13

2.3 (0.9–5.8)
p=0.09

2.0 (0.7–5.3)
p=0.17

Folate tertiles

  Tertile 1 (2.47–10.45 ng/ml) REF REF REF

  Tertile 2 (10.53–16.16 ng/ml) 5.4 (1.9–15.2)
p=0.001

10.3 (1.9–55.7)
p=0.007

10.5 (1.8–61.5)
p=0.009

  Tertile 3 (16.22–78.44 ng/ml) 2.4 (0.9–6.9)
p=0.09

6.5 (1.3–32.9)
p=0.02

5.6 (1.8–31.3)
p=0.049

*
adjusted for age, sex, education, smoking status, season, mouse allergen level

†
adjusted for age, sex, education, smoking status, season, mouse allergen level, and vitamin D category

Statistically significant findings are bolded
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Table 4

Associations between incident sensitization and serum vitamin D levels.

Unadjusted Adjusted Model 1* Adjusted Model 2†

OR (95% CI) p value

Vitamin D (natural log) 2.4 (1.0–5.9)
p=0.06

3.9 (0.9–17.0)
p=0.07

3.2 (0.7–14.1)
p=0.13

Vitamin D categories

   Category 1 (<20 ng/ml) REF REF REF

  Category 2 (20–29 ng/ml) 2.3 (0.8–6.1)
p=0.09

3.4 (1.0–11.7)
p=0.054

2.6 (0.7–10.1)
p=0.17

   Category 3 (≥30 ng/ml) 1.7 (0.6–4.7)
p=0.27

1.65 (0.4–6.4)
p=0.47

1.6 (0.4–6.5)
p=0.55

*
adjusted for age, sex, education, smoking status, season, mouse allergen level

†
adjusted for age, sex, education, smoking status, season, mouse allergen level, and folate tertile

Statistically significant findings are bolded
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