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Abstract

Background: The role of low vitamin D status in the development of allergic

rhinitis is unclear. We aimed to investigate the relationship between serum

25-hydroxyvitamin D [25(OH)D] and incidence of allergic rhinitis in adults.

Methods: The study included a random sample from an adult population who par-

ticipated in the second and third surveys of the Nord-Trøndelag Health Study

(HUNT) in Norway (HUNT2, 1995–1997 and HUNT3, 2006–2008). Serum 25

(OH)D levels were measured in blood samples collected at baseline. Among 1351

adults who did not report allergic rhinitis at baseline, incident allergic rhinitis was

identified by participant report of having or having had allergic rhinitis or hay

fever at follow-up. Adjusted odds ratios (AOR) and 95% confidence intervals (CI)

were calculated after adjustment for age, smoking, physical activity, socioeconomic

status, family history of allergy, body mass index, and season. The analyses were

stratified by sex due to its significant interaction with 25(OH)D levels (P < 0.02).

Results: Over an average of 11 years, 9% of men and 15% of women developed

allergic rhinitis. Among men, serum 25(OH)D level <50 nM was associated with

an increased risk of incident allergic rhinitis (AOR 2.55; 95% CI 1.01–6.49); each

25 nM reduction in 25(OH)D level was associated with an AOR of 1.84 (95% CI

1.18–2.87). In women, however, the association was opposite, with AOR being

0.83 (95% CI 0.66–1.05) for each 25 nM reduction in serum 25(OH)D level.

Conclusions: Vitamin D appears to play different roles in the development of

allergic rhinitis among men and women.

The modulating effect of vitamin D on a variety of immune

functions supports a possible causal link to allergic diseases.

For example, vitamin D may affect regulatory T cells (Treg)

(1, 2), which are known to control both T-helper 1 (Th1) and

T-helper 2 (Th2) cell responses (3). Therefore, there are mech-

anistic reasons to implicate vitamin D with both Th1-related

autoimmune diseases and Th2-related allergic diseases (4).

There have been contrasting hypotheses on the association

of vitamin D status with allergic diseases: Wjst and Dold (5)

stated that high vitamin D status causes allergic diseases,

whereas Litonjua and Weiss (4) asserted that low vitamin D

status causes allergic diseases. Epidemiologic studies on vita-

min D intake and allergic diseases have shown inconsistent

results (6–9). Studies investigating the associations of serum

25-hydroxyvitamin D [25(OH)D] levels, the best measure of

body vitamin D status (10), with allergic diseases are also

contradictory (11–18). These studies mostly focused on serum

25(OH)D levels in cord blood in relation to food allergy and

sensitization to food or airborne allergens during childhood,

and lower serum 25(OH)D levels were associated with an

increased risk (11, 13, 14), a decreased risk (15), or no risk

(12) for food allergy or sensitization.

There are sparse data on the role of serum 25(OH)D levels

in the development of allergic diseases in adults. A study

using the Third National Health and Nutrition Examination
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25(OH)D, 25-hydroxyvitamin D; AOR, adjusted odds ratio; CI,

confidence interval; HUNT, Nord-Trøndelag Health Study; OR, odds

ratio.
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Survey (NHANES) from the USA reported no association of

serum 25(OH)D with allergic sensitization in adults (14),

whereas another study using an earlier survey from the

NHANES showed a positive association of serum 25(OH)D

levels with allergic rhinitis (16). In the current study, we

aimed to investigate the association of serum 25(OH)D levels

with incident allergic rhinitis in adults using Norwegian pop-

ulation data from the Nord-Trøndelag Health Study

(HUNT). As our previous study demonstrated a sex differ-

ence in terms of the association between serum 25(OH)D

levels and adult asthma (19), we also evaluated the possible

modifying effect of sex on the association of 25(OH)D levels

with allergic rhinitis.

Materials and methods

Study design

Nord-Trøndelag Health Study is the largest population-based

health study in Norway (20). The adult part of the HUNT

invited all inhabitants aged 19 years or older in the county of

Nord-Trøndelag in three separate surveys: HUNT1 (1984–
1986), HUNT2 (1995–1997), and HUNT3 (2006–2008). In

this study, we used data from HUNT2 and HUNT3. In brief,

HUNT2 invited 93 898 adults in 1995–1997, and 65 233 peo-

ple participated (response rate: 69.5%), among which 37 059

people took part in HUNT3 in 2006–2008. We established a

cohort population to study potential risk factors for asthma

that included all subjects who participated in both HUNT2

and HUNT3 and were less than 65 years of age in HUNT3

(n = 25 616) (21, 22). The age limit was set to minimize the

possibility of comorbidities and misclassification of chronic

obstructive pulmonary disease (COPD) with asthma.

A 10% random sample of the above cohort population

(n = 2584) was selected for measurement of 25(OH)D levels

in blood samples collected at baseline in HUNT2 (19, 23).

Season for blood sampling varied among the subjects. The

size of the random sample was decided upon economic and

logistic reasons.

Serum 25(OH)D levels

Baseline serum 25(OH)D levels were measured using LIAI-

SON� 25-OH Vitamin D TOTAL (DiaSorin, Saluggia,

Italy), a fully automated antibody-based chemiluminescence

assay. The detection range of the assay is 10–375 nM. The

assay has an intra-assay coefficient of variation of 4% and

an interassay coefficient of variation of 8%. This is a well-

developed method and has been proven as a rapid, accurate,

and precise tool for the measurement of serum 25(OH)D

levels (24).

Allergic rhinitis

Allergic rhinitis was ascertained according to responses to

the following questions: ‘Do you have allergic rhinitis or hay

fever?’ in HUNT2 and ‘Do you have or have you had aller-

gic rhinitis or hay fever?’ in HUNT3. After exclusion of

participants who reported allergic rhinitis in HUNT2

(n = 442) and those with missing information on the question

in HUNT2 or HUNT3 (n = 751) or missing information on

serum 25(OH)D levels (n = 40), it yielded an analysis cohort

with complete data for 1351 adults who did not report aller-

gic rhinitis at baseline. Among them, incident cases of allergic

rhinitis were identified according to affirmative answer to the

question in HUNT3.

Covariates

Several important baseline variables were collected in HUNT2,

including age (19–29, 30–39, 40–49, and 50–55 years), daily

smoker (yes, no, and unknown), average hours of light physi-

cal activity per week (<1, 1–2, ≥3 h, and unknown), years of

education (<10, 10–12, ≥13 years, and unknown), social bene-

fit recipient (yes, no, and unknown), economic difficulties

(yes, no, and unknown), family history of allergy (yes, no,

and unknown), body mass index (BMI; kg/m2, <25.0, 25.0–
29.9, and ≥30.0), and season of blood sampling (December–
May and June–November). Social benefit recipients were

those who reported receiving any of the public welfare bene-

fits. Subjects who had economic difficulties were identified by

their affirmative answer to the question, ‘During the last

year, has it at any time been difficult to meet the costs of

food, transportation, housing and such?’ Family history of

allergy was defined as current or ever allergy in any of the

family members (mother, father, brother, and/or sister). Body

weight and height in HUNT2 were measured by health pro-

fessionals. People with missing information on smoking,

physical activity, education, socioeconomic status, and family

history of allergy were regarded as an ‘unknown’ category

for each variable and included in the analyses. Multiple

imputations for the missing data of these variables were per-

formed, with no material change in our main findings (data

not presented).

Statistical analysis

For comparisons, unpaired t-tests were used for continuous

variables; chi-square tests were used for categorical variables

(Table 1). Baseline serum 25(OH)D levels were classified into

three groups: <50.0, 50.0–74.9, and ≥75.0 nM (equivalent to

<20.0, 20.0–29.9, and ≥30.0 ng/ml), which are widely used

cut-off points in scientific literature (10, 25). They were also

treated as continuous values using their actual levels. The

association between 25(OH)D and incident allergic rhinitis

was examined using logistic regression analyses, and odds

ratios (OR) and 95% confidence intervals (CI) were calcu-

lated (Table 2). The interaction of serum 25(OH)D levels

with each covariable was tested, and only sex was identified

as a significant effect modifier for the association between

serum 25(OH)D levels and incident allergic rhinitis

(P = 0.017 for 25(OH)D as a categorical variable; P < 0.001

for 25(OH)D as a continuous variable). Therefore, the results

were presented by men and women separately. The multivari-

able model included age, daily smoking, physical activity,

education, social benefit, economic difficulties, family history
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of allergy, body mass index, and season of blood sampling at

baseline. All statistical analyses were performed with

STATA, release 12.0 (College Station, TX, USA).

Ethics

The study was approved by the Regional Committee for

Medical Research Ethics. All participants gave their informed

consent.

Results

Among the 1351 adults, 9% of men (n = 53) and 15% of

women (n = 119) developed allergic rhinitis during the

11-year follow-up period (P = 0.001, Table 1). More women

compared with men received social benefits (P < 0.001) and

had a family history of allergy at baseline (P < 0.001). Other

baseline characteristics, including serum 25(OH)D levels, did

not differ significantly between sexes.

Men, with a serum 25(OH)D level <50 nM, had a signifi-

cantly higher risk of incident allergic rhinitis compared with

those with a serum 25(OH)D level ≥75 nM (adjusted odds

ratio, AOR 2.55; 95% CI 1.01–6.49); each 25 nM reduction

in 25(OH)D level was associated with an AOR of 1.84 (95%

CI 1.18–2.87) for allergic rhinitis (Table 2). Among women,

however, there seemed to be the opposite association. For

example, each 25 nM reduction in 25(OH)D level was associ-

ated with about 17% reduced risk of allergic rhinitis (AOR

0.83; 95% CI 0.66–1.05, Table 2). In women whose age was

<50 years at baseline (the approximate mean age of meno-

pause among Norwegian women, n = 669), each 25 nM

reduction in serum 25(OH)D level was significantly associ-

ated with a reduced risk of incident allergic rhinitis (AOR

0.74; 95% CI 0.57–0.96). However, in women of age

≥50 years (n = 112), each 25 nM reduction in serum 25(OH)

D level seemed to be associated with an increased risk (AOR

3.06; 95% CI 0.94–9.91, P for interaction = 0.089). The

AORs for each 25 nM reduction in 25(OH)D levels among

women before and after menopause were 0.74 (95% CI 0.57–
0.96, n = 665) and 1.47 (95% CI 0.52–4.20, n = 105), respec-

tively.

Because asthma is often comorbid with allergic rhinitis, we

performed sensitivity analyses to address this issue. Even

after additional adjustment for self-reported asthma, or

exclusion of subjects who reported having asthma in

HUNT2, similar results were obtained for both men and

women (data not presented).

Discussion

In this Norwegian adult population who reported no allergic

rhinitis at baseline, we observed that lower serum 25(OH)D

levels were associated with an increased risk of allergic rhini-

tis among men. By contrast, lower serum 25(OH)D levels

seemed to be associated with a reduced risk of allergic rhini-

tis among women, especially women before menopause. This

interaction of serum 25(OH)D levels with sex is unlikely to

be due to chance (P < 0.02).

Previous studies showed varying results for the association

of serum 25(OH)D levels with allergic diseases. A few paedi-

atric studies demonstrated an increased risk of sensitization

to food or airborne allergens among children with lower 25

(OH)D levels (11, 13, 14). However, other studies of children

showed an increased risk with higher 25(OH)D levels (15, 17)

or no association between the two (12). To further compli-

cate this relationship, a U-shaped association has been dem-

onstrated with both low and high 25(OH)D levels associated

with high allergen-specific IgE and total IgE levels in the

same population (26, 27). A previous cross-sectional study of

adults found that higher serum 25(OH)D levels were associ-

ated with higher prevalence of allergic rhinitis (16). Previous

studies, however, did not evaluate the possible modifying

effect of sex on the relationship between serum 25(OH)D lev-

els and allergic diseases. Our large cohort study of Norwe-

gian adults suggests that the association of 25(OH)D levels

with allergic rhinitis is significantly modified by sex; while

there was an inverse association in men, there was a positive

association in women. This may help to explain the inconsis-

tent findings in the literature where analyses were usually per-

formed in the total population, with both sexes combined.

Table 1 Baseline characteristics and cumulative incidence of aller-

gic rhinitis among men and women in a cohort population free of

allergic rhinitis at baseline in the HUNT study, 1995–1997 to 2006–

2008

Men n = 570 Women n = 781

Mean (SD) %§ Mean (SD) %§

Age (years)† 41.2 (8.6) 39.8 (8.5)

BMI (kg/m2)† 26.4 (3.3) 25.3 (4.0)

25(OH)D (nM)† 59.0 (22.7) 60.2 (23.1)

Daily smoking (yes)‡ 24.4 28.7

Physical activity

(<1 h/week)‡

23.9 20.7

Education (<10 years)‡ 19.0 20.0

Social benefit

recipient (yes)‡

13.3 24.5

Economic

difficulties (yes)‡

30.0 31.2

Family history of

allergy (yes)‡

17.7 26.9

Self ever asthma (yes)‡ 4.2 3.2

Season for blood

sampling

(December–May)‡

55.3 52.0

Cumulative incidence

of allergic rhinitis‡

9.3 15.2

BMI, body mass index; HUNT, Nord-Trøndelag Health Study; 25

(OH)D, 25-hydroxyvitamin D; SD, standard deviation.

†Unpaired t-tests were used for comparisons between men and

women for continuous variables.

‡Chi-square tests for categorical variables.

§The ‘unknown’ categories for daily smoking, physical activity, edu-

cation, socioeconomic status, and family history of allergy are

included when percentages are calculated.
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The observed interaction has biological plausibility. Opti-

mal vitamin D levels enhance the production and function of

regulatory T cells (1, 2) that can produce cytokines to

suppress both Th1-mediated autoimmune responses and Th2-

mediated allergic responses (3). Sex hormones can also regu-

late these immune responses. Both animal and human studies

have demonstrated that female sex hormones promote Th1

immunity (28, 29), and women are thus more likely to suffer

from autoimmune diseases (28). Male sex hormones decrease

autoimmunity in animal studies (30) and in humans (28).

Male sex hormones may also promote Th2 immunity and the

subsequent allergic diseases (31). There is a possibility that

low vitamin D and sex hormones interact to increase Th2

responses in males and Th1 responses (possibly reduced Th2

responses) in females. This would support a possible inverse

association between serum 25(OH)D levels and allergic rhini-

tis in men, and a positive association in women, particularly

before menopause. These mechanistic hypotheses merit fur-

ther investigation.

There are several potential limitations to our study. Firstly,

there were substantial number of individuals with missing data

on allergic rhinitis at baseline or follow-up that had to be

excluded. The group with missing data on allergic rhinitis dif-

fered from the rest of cohort on several baseline characteristics

(Table S1). For example, the group with missing allergic

rhinitis had less family history of allergy than the rest of the

cohort. However, all of these baseline covariates were con-

trolled for in the multivariable models. Besides, the missingness

is likely to be at random, based on the comparability of allergic

rhinitis prevalence at baseline or follow-up in our study (20%

and 27%, respectively) with the prevalence from other Euro-

pean studies (17% in Italy to 29% in Belgium) (32). Secondly,

we only had questionnaire information on allergic rhinitis or

hay fever, but no objective allergy markers such as skin prick

tests or measures of antigen-specific IgE levels. In a previous

study based on 22 population studies, the overall proportion

of rhinitis cases that were atopic was 61% (33), and, as men-

tioned above, the prevalence of allergic rhinitis in our study

was consistent with other European studies. Nevertheless, we

cannot rule out over-report of allergic rhinitis that is associated

with self-reporting. In addition, the question about allergic rhi-

nitis or hay fever was, however, not exactly the same in

HUNT2 or HUNT3 questionnaires. Both over-reporting and

nonidentical question in the two surveys may lead to misclassi-

fication of incident allergic rhinitis, although 76% of the cases

confirmed their rhinitis symptoms during the past 12 months

of HUNT3. Nevertheless, we assume that the misclassification

was most likely nondifferential (i.e., that misclassification did

not differ by serum 25(OH)D levels). Under the presence of

nondifferential misclassification, the observed association is

usually underestimated (34).

To our knowledge, we report the first prospective cohort

study evaluating serum 25(OH)D levels and allergic rhinitis in

adults, and it is also the first to formally evaluate the possible

modifying effect of sex on the association. In addition, our

study was strengthened by measurement of serum 25(OH)D

levels, an objective measure of body vitamin D status, and our

ability to control for a comprehensive panel of confounding

factors including BMI. Overweight or obesity is associated

with low body vitamin D status (35) and increased risk of

asthma (36) that is often comorbid with allergic rhinitis. Our

findings were derived from a random sample of young- to mid-

dle-aged adult population. This would limit the generalization

of our results to populations with extended age, and we should

be cautious when extrapolating these findings.

In summary, low vitamin D status was associated with an

increased risk of allergic rhinitis in men and a seemingly

reduced risk in women in this Norwegian adult population.

Future studies are warranted to confirm our results and fur-

ther investigate the underlying mechanisms of how vitamin D

affects immunity and its potential interaction with sex

hormones.

Table 2 The association of serum 25(OH)D level with incident allergic rhinitis among men and women free of allergic rhinitis at baseline in

the HUNT study, 1995–1997 to 2006–2008

25(OH)D (nM) n Cases % OR 95% CI AOR 95% CI

Men (n = 570)

≥75.0 128 8 6.3 1.00 Referent 1.00 Referent

50.0–74.9 221 16 7.2 1.17 0.49–2.82 1.23 0.49–3.10

<50.0 221 29 13.1 2.27 1.00–5.12 2.55 1.01–6.49

P for trend† 0.02 0.03

Each 25 nM reduction 570 53 9.3 1.69 1.16–2.45 1.84 1.18–2.87

Women (n = 781)

≥75.0 191 40 20.9 1.00 Referent 1.00 Referent

50.0–74.9 311 40 12.9 0.56 0.34–0.90 0.55 0.33–0.92

<50.0 279 39 14.0 0.61 0.38–1.00 0.66 0.38–1.16

P for trend† 0.06 0.16

Each 25 nM reduction 781 119 15.2 0.82 0.67–1.01 0.83 0.66–1.05

AOR, adjusted odds ratio; CI, confidence interval; HUNT, Nord-Trøndelag Health Study; 25(OH)D, 25-hydroxyvitamin D; OR, odds ratio.

AOR derived after adjustment for age, daily smoking, physical activity, education, social benefit, economic difficulties, family history of

allergy, body mass index, and season of blood sampling at baseline.

†P for trend was tested by treating 25(OH)D categories as an ordinal variable.
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Supplementary table 1. Comparisons of baseline characteristics between people with missing

information on allergic rhinitis at HUNT2 or HUNT3 and the rest of the cohort

Missing on allergic
rhinitis
n=751

Rest of the cohort
n=1,833

Mean (SD) % Mean (SD) %
Age (years)a 39.3 (9.0) 40.1 (8.7)
BMI (kg/m2)a 26.0 (3.7) 25.7 (3.8)
25(OH)D (nmol/L)a 55.8 (22.7) 59.7 (23.2)
Sex (men) 52.9 41.3
Daily smoking (yes)b 34.5 27.8
Physical activity (<1
hour/week)b 30.4 24.1

Education (<10 years)b 22.7 18.7
Social benefit recipient
(yes)b 24.6 22.0

Economic difficulties (yes)b 33.3 32.2
Family history of allergy
(yes)b 16.7 33.1

Self ever asthma (yes)b 6.4 8.6
Season for blood sampling
(December - May)b 40.0 46.3

Abbreviations: BMI, body mass index; HUNT, Nord-Trøndelag Health Study; 25(OH)D, 25-

hydroxyvitamin D; SD, standard deviation.

aUnpaired t-tests were used for outcomes as continuous variables and bChi-square tests for categorical

variables between the two groups.
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