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Abstract

Higher vitamin D concentrations have been proposed as a protective ‘seasonal stimulus’ against influenza, and there are suggestions for

associations with other aspects of respiratory health. The aim of the present study was to investigate the relationship of current vitamin D

status (measured by 25-hydroxyvitamin D, 25(OH)D) with respiratory infections and lung function. We used cross-sectional data from 6789

participants in the nationwide 1958 British birth cohort who had measurements of 25(OH)D, lung function (forced expiratory volume in 1 s

(FEV1) and forced vital capacity (FVC)) and respiratory infections available from the age of 45 years. In this population, the prevalence of

respiratory infections had a strong seasonal pattern in the opposite direction to the pattern for 25(OH)D concentrations. Each 10 nmol/l

increase in 25(OH)D was associated with a 7 % lower risk of infection (95 % CI 3, 11 %) after adjustment for adiposity, lifestyle and

socio-economic factors. For FEV1 and FVC, each 10 nmol/l increase in 25(OH)D was associated with 8 (95 % CI 3, 13) ml and 13 (95 %

CI 7, 20) ml higher volume, respectively, after controlling for covariates. Associations of 25(OH)D with FEV1 and FVC were only slightly

attenuated after further adjustment for infection and other respiratory illness. In conclusion, vitamin D status had a linear relationship with

respiratory infections and lung function. Randomised controlled trials are warranted to investigate the role of vitamin D supplementation

on respiratory health and to establish the underlying mechanisms.
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During the past decade, understanding of the actions of the

hormonal vitamin D system has greatly improved, and there

has been much interest in its potential role for respiratory

health. Vitamin D is mostly obtained through UV-B sunlight-

induced synthesis in the skin, and consequently, circulating

serum concentrations of 25-hydroxyvitamin D (25(OH)D, a

marker for nutritional vitamin D status) demonstrate strong

seasonal patterns(1). As such, it has been suggested that

vitamin D may be a ‘seasonal stimulus’(2) partly explaining

wintertime peaks in the incidence of influenza(3). The lungs

are the first line of defence for airborne infections, and there

is evidence that the epithelial cells in the lung convert inactive

vitamin D to its active form as part of the immune response(4).

It is possible that the immune response to infections in the

lung is dependent on adequate 25(OH)D concentrations.

The evidence from observational studies of a role for

vitamin D in allergies and asthma appears to be equivocal.

Some studies have shown a reduction in early childhood

wheezing for offspring born to mothers with higher v. lower

vitamin D intakes(5,6). In contrast, higher maternal 25(OH)D

concentrations(7) and high dose of vitamin D supplementation

in infancy(8,9) have been associated with an increased risk of

asthma and eczema later in life. Also, cross-sectional examin-

ations in adults suggest increases in the prevalence of allergic

rhinitis(10) and in the circulating IgE concentrations(11) with

increases in 25(OH)D concentrations. However, a dose–

response relationship between current 25(OH)D concen-

trations and lung function (measured by forced expiratory

volume in 1 s (FEV1) and forced vital capacity (FVC)) has

been suggested in a cross-sectional analysis in the Third

National Health, Nutrition and Examination Survey III(12). A

recent study on this same population has also suggested a

lower prevalence of respiratory infections by higher

25(OH)D concentrations(13). These findings have yet to be

replicated, particularly in studies that overcome the limitations

of previous work by taking account of seasonal variations,

related lifestyle or health factors potentially affecting the

observed associations.

Therefore, the aim of the present study was to investigate

the association of serum 25(OH)D concentrations with
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seasonal infections and lung function using information from

a large, nationally representative cohort of British adults.

The cohort has detailed information on relevant social and

lifestyle factors, respiratory health and medications, and

25(OH)D measurements, which are distributed across the full

seasonal range(1).

Participants and methods

Participants in the cohort are all births in England, Scotland

and Wales during 1 week in March 1958 (n 17 416). A detailed

description of the study has been provided elsewhere(14). At

the age of 45 years, a target population, 11 971 individuals

currently living in Britain, were invited to participate in a

biomedical assessment that took place between September

2002 and April 2004; of these, 78 % (n 9377) completed a

questionnaire. The study participants were largely representa-

tive of the original cohort; however, as reported previously,

certain minorities were under-represented(15). We excluded

individuals from non-Caucasian origin (n 188) and two partici-

pants who were pregnant at the time of the study. Blood

samples for 25(OH)D measurements were obtained for 7431

participants, of whom 91 % also reported the prevalence of

respiratory infection and had full data on lung function,

leaving 6789 for the analyses. The 45-year biomedical survey

was approved by the South-East Multi-Centre Research Ethics

Committee, and written consent for the use of information in

medical research studies was obtained from the participants.

The 25(OH)D concentrations were measured by an auto-

mated Immunodiagnostic Systems Ltd OCTEIA assay with a

Dade-Behring BEP2000 analyser (Dade-Behring, Marburg,

Germany) and standardised according to the mean vitamin

D external quality assessment scheme(16). C-reactive protein

(CRP) was assayed by nephelometry (Dade Behring) on

citrated plasma samples after one thaw cycle, and total IgE

was assayed by the HYTEC automated enzyme immuno-

assay (HYCOR Biomedical Inc., Garden Grove, CA, USA).

Spirometry was performed according to the criteria of the Amer-

ican Thoracic Society(17), in the standing position, without nose

clips, using the Vitalograph Mirco spirometer (Vitalograph,

Maids Moreton, UK). At least three (up to five) spirograms

were captured until three satisfactory blows were obtained

(assessed by best-test variation, where the sum of FEV1 and

FVC was ,5 %). Readings with a best-test variation .10 % or

values with standardised residuals .^3 standard errors were

excluded. The highest technically satisfactory values for FEV1

and FVC from each set of spirograms were used in the analysis.

Information on respiratory infections (influenza, pneumonia,

bronchitis or severe cold) during the past 3 weeks, use

of respiratory medication (British National Formulary (BNF)

code 3) and antibiotics for the respiratory system (BNF codes

5.1.1–5.1.5, 5.1.7 and 5.1.9) were self-reported at the age of

45 years, when the participants also reported whether they

had used an inhaler within the last 24 h. Past diagnoses of

asthma, allergies and bronchitis were ascertained from reports

at 42 years of ‘ever’ diagnosed or within the last 12 months.

Socio-economic position (SEP) was categorised using the

Registrar General’s Classification into the following classes:

I and II, managerial and professional; III, non-manual; III,

manual; IV and V, manual unskilled, including individuals

who were institutionalised, retired or long-term unemployed.

SEP in childhood was based on father’s occupation at birth;

in adulthood, it was based on occupation at the age of

42 years (or 33 years if data at the age of 42 years were miss-

ing). Smoking was based on smoking history recorded at ages

23, 33 and 42 years and coded as ‘none’, ‘ex-smoker’, ‘1–19

cigarettes’ or ‘ . 20 cigarettes’/d. Factors reported at the age

of 45 years included television watching, personal computer

usage and time spent outdoors (coded as ‘ , 1’, ‘1–2’ and

‘ . 3 h’/d), oily fish consumption/week (never, less than

weekly and weekly) and vitamin D or fish oil/cod-liver oil

supplements (no/yes). Recreational metabolic equivalent of

task hours were divided into quarters with an additional cat-

egory for implausibly high values (participants with weekly

recreation hours of three standard deviations above the sex

mean) and vigorous activity (those who recorded an activity

with a metabolic equivalent score $6). Alcohol consumption

and frequency were converted to standard units and coded as

‘0’, ‘ , 7’, ‘7–14’, ‘14–21’, ‘ . 21 units’ consumed per week.

Geographical location was based on current region of

residence, classified as Southern, Middle, Northern England,

Scotland and Greater London. Waist circumference was meas-

ured midway between the costal margin and the iliac crest.

BMI was calculated from weight and height measurements.

Statistical methods

Exploratory analyses of the data included histograms of the

distributions of 25(OH)D and lung function. The natural log

transformation was used for 25(OH)D to achieve normal

distribution and for calculating the geometric mean. The

differences in the means by lifestyle and background factors

were evaluated by linear regression using the likelihood

ratio test for trend. The prevalence of respiratory infections

and geometric means of 25(OH)D were standardised for sex.

Means for FEV1 and FVC are presented standardised by sex

and height. The associations of 25(OH)D with FEV1 and FVC

were modelled by linear regression, and with respiratory

infection by logistic regression. Deviations from linearity

were assessed by the likelihood ratio test of the quadratic

term. Missing data for adiposity measurements, illness, SEP

and lifestyle factors were imputed (ten times) using the mul-

tiple imputation chain of equations as implemented in

STATA, version 10 (StataCorp LP, College Station, TX, USA).

Final models presented are from the multiple imputed data-

sets. Analyses were repeated for participants with complete

information, and results were similar. The four main models

were adjusted for (1) sex; (2) sex, social and lifestyle factors

(birth and adult SEP, smoking status, alcohol consumption,

geographical location, recreation metabolic equivalent hours,

vigorous activity and inactivity based on television/personal

computer usage, oily fish consumption, vitamin D supplemen-

tation, time spent outside); (3) measurements of adiposity

(BMI, waist circumference and quadratic terms for adiposity)

in addition to indicators included in the previous model,

and finally for FEV1 and FVC only; (4) use of respiratory

D. J. Berry et al.1434
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medication, inhaler use, antibiotics, respiratory infections,

asthma, bronchitis, allergy, IgE and CRP concentrations as well

as all covariates in models 1–3. The models on FEV1 and FVC

were also adjusted for the height of cohort member. Analyses

on 25(OH)D and the prevalence of respiratory infections were

repeated, adjusting for season. The 25(OH)D concentrations

were categorised into 25nmol/l groups with tails ,25 and

$100 nmol/l, as well as a continuous variable of per

10 nmol/l, for the ease of interpretation across common cut-

off points and linear approximation with the outcomes.

Table 1. 25-Hydroxyvitamin D (25(OH)D) concentrations, respiratory infection and lung function by social and lifestyle characteristics*

(Mean values, numbers and percentages, n 6789)

n %
Mean 25(OH)D

(nmol/l)†

Respiratory
infection†

Mean FEV1

(ml)‡
Mean

FVC (ml)‡n %

25(OH)D (nmol/l)
, 25 523 7·7 – 63 11·5 3179 4039
25–49 2282 33·6 – 246 10·8 3280 4153
50–74 2454 36·2 – 201 8·2 3331 4210
75–99 1112 16·4 – 80 7·2 3361 4258
$ 100 418 6·2 – 25 5·9 3399 4348
P – ,0·001 ,0·001 ,0·001

Sex
Male 3389 49·9 53·2 302 8·9 3822 4857
Female 3400 50·1 51·3 313 9·2 2796 3530
P 0·001 0·67 ,0·001 ,0·001

Season
Winter (December–February) 1183 17·4 40·9 188 15·9 3322 4221
Spring (March–May) 1410 20·8 41·7 136 9·7 3292 4175
Summer (June–August) 1602 23·6 57·1 66 4·1 3278 4142
Autumn (September–November) 2594 38·2 62·6 225 8·7 3331 4218
P ,0·001 ,0·001 0·19 0·61

Smoking
Never 3138 46·2 53·8 246 7·8 3373 4224
Ex-smoker 1864 27·5 54·1 159 8·5 3358 4239
1–19/d 781 11·5 49·7 106 13·7 3240 4162
$ 20/d 791 11·7 44·9 88 11·4 3030 3982
Unknown 215 3·2 51·9 16 7·3 3154 4056
P ,0·001 ,0·001 ,0·001 ,0·001

Vigorous activity
No 3401 50·1 49·0 309 9·0 3253 4127
Yes 3292 48·5 56·1 297 9·0 3372 4268
Unknown 96 1·4 46·4 9 9·5 3191 4002
P ,0·001 0·95 ,0·001 ,0·001

Watches TV/uses PC (h/d)
, 1 769 11·3 56·7 65 8·8 3353 4258
1 to ,3 3561 52·5 54·3 291 8·2 3337 4226
$ 3 2166 31·9 48·3 229 10·7 3261 4134
Unknown 293 4·3 47·1 30 10·2 3190 4046
P ,0·001 0·008 ,0·001 ,0·001

Time spent outdoors (h/d)
, 1 1789 26·4 45·5 179 10·0 3335 4222
1 to ,3 1783 26·3 51·8 152 8·5 3335 4226
$ 3 2694 39·7 58·3 225 8·4 3278 4154
Unknown 523 7·7 49·7 59 11·2 3283 4175
P ,0·001 0·07 ,0·001 ,0·001

Vitamin D supplementation
No 5550 81·7 50·8 497 9·0 3299 4181
Yes 1101 16·2 61·1 105 9·7 3370 4260
Unknown 138 2·0 46·5 13 9·5 3236 4100
P ,0·001 0·56 ,0·001 ,0·001

Adult social class
Professional and managerial 2774 40·9 52·9 231 8·3 3360 4237
Skilled (non-manual) 1400 20·6 52·4 130 8·7 3307 4179
Skilled (manual) 2092 30·8 51·8 200 9·7 3261 4160
Unskilled and others§ 523 7·7 49·1 54 10·6 3183 4094
P 0·008 0·07 ,0·001 ,0·001

FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; TV, television; PC, personal computer.
* LRT P for trend excluding unknown category adjusted for sex, in addition to FEV1 and FVC adjusted for height.
† Geometric mean and proportion standardised by sex.
‡ Mean standardised by sex and height.
§ Includes cohort members who are institutionalised, retired, unemployed and others.

Vitamin D status and seasonal infections 1435

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114511001991  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114511001991


Additional parameters of nurse and the spirometer instrument

number were investigated and not included in the final anal-

ysis due to the lack of impact on the 25(OH)D associations

and preferable modelling criteria (Bayesian information cri-

teria). Interactions between lifestyle, SEP, illness, medication

and 25(OH)D with lung function and respiratory infections

were tested in sex (and height)-adjusted models (twenty-

four tests for lung function and twenty-three tests for respirat-

ory infection). Since the interaction tests were performed on

the numerous factors without pre-defined hypotheses, we

controlled for chance findings by applying a strict Bonferroni

correction on these analyses (P#0·002 considered significant).

All analyses were carried out using STATA, version 10.

Results

Men had higher concentrations of 25(OH)D and better lung

function compared with women (Table 1). Similarly, several

of the lifestyle characteristics, including smoking, vigorous

activity, time spent television watching/using a personal com-

puter and supplement intake, showed trends in FEV1 and FVC

that were parallel to those for 25(OH)D concentrations. An

important exception was time spent outdoors, where the

trend in lung function was reverse to what was observed for

25(OH)D concentrations. Respiratory infections were associ-

ated with smoking and more frequent television watching/

using a personal computer; lifestyle categories with high

25(OH)D had a lower prevalence of infections. There was

no significant seasonal variation in FEV1 and FVC (Table 1).

However, both the prevalence of infections and circulating

25(OH)D concentrations showed strong seasonal patterns

but in opposing directions (Fig. 1). Concentrations of

25(OH)D increased from February until September, when

the mean 25(OH)D concentration was 72·5 nmol/l. For respir-

atory infections, the prevalence started to decrease in January

(the highest point at 17·9 %) and continually dropped until its

lowest point in late summer (August). From participants with

25(OH)D concentrations ,25 nmol/l and from those with

.100 nmol/l, 11·5 % and 6 %, respectively, had an infection

during the preceding month.

Circulating 25(OH)D concentrations were associated with

the prevalence of infections, with the association being little

affected by adjustment for measurements of adiposity, lifestyle

and socio-economic factors (Table 2). After this adjustment,

there was a 7 % reduction in the risk of infections by each

10 nmol/l increase in 25(OH)D (test for trend P¼0·001;

Table 2). Across seasons, there was a steady decline in the

prevalence of respiratory infections by increasing 25(OH)D

concentrations, and especially so during winter, with the high-

est prevalence of infections (Fig. 2).

There was also an association for 25(OH)D with both FEV1

and FVC, which persisted after controlling for adiposity, life-

style and socio-economic factors: FEV1 was 9 ml (95 % CI 4,

13, P¼0·002) and FVC was 14 ml (95 % CI 8, 24, P,0·001)

higher per 10 nmol/l increase in 25(OH)D. Further adjustment

(for respiratory infections or medication, use of inhalers,

asthma, allergy, IgE and CRP concentrations) only slightly

attenuated the observed associations of 25(OH)D with FEV1

and FVC.

We considered the interactions between 25(OH)D and a

range of factors including socio-economic and lifestyle factors,

adiposity, CRP, IgE, respiratory medication and illness. After

applying a Bonferroni correction, we found evidence for

modification of 25(OH)D association with FEV1 by vigorous

activity (P¼0·002), suggesting that individuals who did not

engage in vigorous activity had a stronger association between

25(OH)D and lung function than individuals who did. For

example, each 10 nmol/l increase in 25(OH)D was associated

with a 10 ml increase in FEV1 in the active participants (95 %

CI 3, 16), while the association for those not engaged in

vigorous activity was 24 ml (95 % CI 18, 31).

Discussion

The seasonal reduction in vitamin D synthesis in the skin has

been suggested to be the ‘seasonal stimulus’(2) behind the

increase in the incidence of influenza infection, which pene-

trates the epithelial cells, in winter months(3). Using data

from the 1958 British birth cohort, we show a clear seasonal

pattern in the prevalence of infections, and strikingly, how

this mirrors variations in serum 25(OH)D concentrations. We

further demonstrate a linear association between 25(OH)D

and lung function. This relationship was not fully explained

by infections or related factors, which may suggest that

additional mechanisms play a role.

The most compelling evidence for a role of vitamin D in

reducing the occurrence of seasonal infections has recently

been come from a randomised controlled trial (RCT) on

schoolchildren over the winter period, where there was a

substantial reduction in the incidence of influenza A in those

taking vitamin D3 supplements of 1200 IU/d (30mg equi-

valent)(18). Furthermore, in a secondary analysis of a RCT,

which reported a notable lack in the seasonal peak of infec-

tions in the group receiving the higher dosage of vitamin D,

the control group infections showed the expected seasonal

patterns(3,19). In a Finnish study, a larger proportion of men
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Table 2. Association of serum 25-hydroxyvitamin D with respiratory infections and lung function in the 1958 British birth cohort for imputed covariates

(Odds ratios or b coefficients and 95 % confidence intervals, n 6789)

25-Hydroxyvitamin D (nmol/l)

,25 25–49·9 50–74·9 75–99·9 100–Max Per 10 nmol/l increase
P * for
trendEstimate† 95 % CI Estimate† 95 % CI Estimate† 95 % CI Estimate† 95 % CI P * Estimate† 95 % CI

Respiratory infections
Adjusted for sex 1 0·88 0·66, 1·19 0·65 0·48, 0·88 0·57 0·40, 0·80 0·47 0·29, 0·76 ,0·001 0·91 0·88, 0·94 ,0·001
Adjusted for sex þ lifestyle
and socio-economic factors‡

1 0·94 0·70, 1·27 0·71 0·52, 0·97 0·61 0·42, 0·88 0·50 0·31, 0·83 0·001 0·92 0·88, 0·95 ,0·001

Adjusted for sex þ adiposity§ 1 0·94 0·69, 1·27 0·74 0·54, 1·02 0·66 0·46, 0·96 0·57 0·34, 0·94 0·015 0·93 0·89, 0·97 0·001
FEV1 (ml)

Adjusted for sex and height Ref 107 61, 154 157 111, 204 188 137, 238 211 149, 274 ,0·001 20 15, 24 ,0·001
Adjusted for sex and height þ
lifestyle and socio-economic
factors‡

Ref 66 21, 112 98 51, 144 125 73, 176 150 87, 213 ,0·001 14 10, 19 ,0·001

Adjusted for sex and height þ
adiposity§

Ref 51 5, 96 66 20, 112 82 31, 133 93 30, 156 0·015{ 9 4, 13 0·001

Adjusted for sex and height þ
respiratory illness and
medicationk

Ref 43 21, 88 58 13, 103 74 24, 125 80 18, 142 0·036{ 8 3, 13 0·003

FVC (ml)
Adjusted for sex and height Ref 104 45, 163 161 102, 220 218 153, 282 281 201, 361 ,0·001 27 21, 33 ,0·001
Adjusted for sex and height þ
lifestyle and socio-economic
factors‡

Ref 73 14, 132 115 56, 175 167 101, 234 226 144, 307 ,0·001 22 16, 28 ,0·001

Adjusted for sex and height þ
adiposity§

Ref 56 22, 114 73 14, 132 108 42, 174 147 65, 228 0·002 14 8, 20 ,0·001

Adjusted for sex and height þ
respiratory illness and
medicationk

Ref 52 26, 110 69 10, 128 103 38, 169 141 60, 222 0·004 13 7, 20 ,0·001

FEV1, forced expiratory volume in 1 s; Ref, reference; FVC, forced vital capacity.
* Multiply imputed parameter test P.
† For respiratory infections, the estimate is OR; for FEV1 and FVC, the estimate is b.
‡ Includes smoking, alcohol consumption, time spent watching television or using personal computer, recreation metabolic equivalent hours, vigorous activity, time spent outside, oily fish consumption, use of vitamin D supplements,

region and social class at birth and adulthood in addition to sex (and height for FEV1 and FVC).
§ Includes adjustment for BMI and waist circumference, and their curvature terms in addition to social/lifestyle factors detailed above.
kAdjusted for the use of respiratory medication, antibiotics, inhalers, reported respiratory illness during the past 3 weeks, history of or current asthma or allergy, and serum measurements of C-reactive protein and IgE.
{ In the analyses for the complete cases, the likelihood ratio test was not significant at the 5 % level: P¼0·059, P¼0·11.
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receiving vitamin D supplementation (400 IU/d; 10mg equival-

ent) remained healthy throughout the 6-month study com-

pared with men receiving placebos(20). However, in that

study, the intervention was not associated with the number

of days absent from work due to acute respiratory tract infec-

tion or with the various symptoms of infections investigated.

Evidence for an association between 25(OH)D and respiratory

infections has also been obtained from observational studies.

In one study, 25(OH)D concentrations of 95 nmol/l were

identified as the break point differentiating between those

who developed or did not develop viral infections of the res-

piratory tract(21). Recent analyses in the Third National Health

and Nutrition Examination Survey III also demonstrated an

association between current vitamin D status and respiratory

infections, with evidence for related seasonal variations(13).

In the present study, seasonal patterns both in 25(OH)D con-

centrations and in the prevalence of respiratory infections

were impressive, including in the wintertime, a drop in the

prevalence of respiratory infections over increasing 25(OH)D

concentrations. However, reductions in infections preceded

the raise in 25(OH)D and not vice versa as may have been

expected. 25(OH)D is believed to be a good indicator for

the combined intake of vitamin D from sunlight-induced syn-

thesis and diet during the past 3–4 weeks(22), directly corre-

sponding to the target period for the reporting of respiratory

infections in the present study. Furthermore, the availability

of sunlight for vitamin D production in the UK starts to

increase from February(23), notably earlier than the observed

accumulation of 25(OH)D (the circulating storage form).

Hence, it appears logical that there is a delay in 25(OH)D

accumulation, and if there is a causal association, it is likely

that increases in vitamin D intake (due to greater vitamin D

synthesis in the skin) would contribute to the reduced infec-

tion rates already before increases in the storage form

25(OH)D are observed. Previous studies have reported a

dose–response relationship between 25(OH)D concentrations

and pulmonary function in the general population(12) as well

as in patients with asthma(24) and chronic obstructive pulmon-

ary disease(25). The present study confirms these associations

and goes further by demonstrating that this observation of

25(OH)D association with lung function was robust to adjust-

ment for measurements of adiposity or a wide range of life-

style or socio-economic measures. It is of particular interest

that the relationship of 25(OH)D with either FEV1 or FVC

was not markedly affected by adjustment for respiratory infec-

tions or medication, suggesting that mechanisms beyond

immunological influences call for further investigation.

There is much debate regarding the optimal levels of

25(OH)D concentration for health(26,27). The recent report

from the Institute of Medicine(28) on vitamin D intake rec-

ommendations concluded that there is an increased risk of

bone disease with 25(OH)D levels below 30 nmol/l, and that

most of the population’s needs are met at 25(OH)D levels of

50 nmol/l. Also in the present observational study, the steepest

associations between 25(OH)D and measurements of lung

function were observed before 50 nmol/l; however, the posi-

tive trend continued up to 100 nmol/l.

The presence of vitamin D receptors in a range of organs

and tissues of the body (including lung epithelial cells and

macrophages among others)(29) supports the wide-ranging

health effects proposed for vitamin D. It is notable that

1,25(OH)2D is known to regulate the expression of over 900

different genes(30), including those related to apoptosis and

cellular proliferation(31). The available evidence suggests that

the influences of vitamin D relevant for respiratory health

are complex, and there are several potential mechanisms

that may be operating. Active vitamin D leads to a general

reduction in inflammation(32), which together with direct

anti-proliferative effects in human airway smooth muscle

cells (through the inhibition of matrix metalloproteinases)(33)

is believed to be instrumental for explaining the observed

reductions in asthma risk(34). 1,25(OH)2D also influences bar-

rier integrity, which could protect against the direct influence

of harmful pathogens(35). Furthermore, 1,25(OH)2D reduces

MHC II antigen expression on the cell membrane surface,

and induces macrophages and epithelial cells to produce

cathelicidin, a peptide involved in antimicrobial action(36).

However, adverse influences of high vitamin D intakes/

status have been suggested. For example, the potential aggra-

vation of allergic conditions has typically been explained by

1,25(OH)2D influences on regulatory T-cell activity, the net

result of which includes a shift in the balance between

T-helper cell 1- and 2-type immunological responses towards

T-helper cell 2 domination(37,38). Evidence for both benefits

and potentially harmful influences was also obtained from

an animal experiment, where 1,25(OH)2D administration

reduced airway oeosinophilia (suggesting beneficial influ-

ences through a reduced inflammatory response), while aller-

gen-induced T-cell proliferation was increased(39). We have

previously reported a strong J-shaped relationship between

25(OH)D and IgE concentrations in the 1958 British

cohort(11). However, as reported in the present study, the

inverse association between 25(OH)D and lung function was

little affected by adjustment for IgE concentration, nor was

there any suggestion of reductions in lung function observed
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Fig. 2. Prevalence of respiratory infections with 95 % prediction intervals in

the 25-hydroxyvitamin D categories of ,25 nmol/l ( ), 25–49·9 nmol/l ( ),

50–74·9 nmol/l ( ), 75–99·9 nmol/l ( ) and .100 nmol/l ( ) as predicted

from a logistic regression model adjusted for factors of lifestyle, socio-

economic position and adiposity, and season in the 1958 British birth cohort.
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in individuals with high 25(OH)D concentrations. A systematic

review of a RCT that used vitamin D compounds for the treat-

ment and prevention of infectious diseases (including viral

respiratory tract infections) found large heterogeneity in the

baseline characteristics of the subjects and in the design of

the trials(40). Well-designed RCT are clearly needed to establish

(1) whether by increasing intake of vitamin D it is possible to

improve respiratory health, (2) what are the relevant mechan-

isms and (3) whether there are possible safety issues with

supplementation at high dosages especially in individuals

prone to allergic disease.

Several lifestyle factors had fairly strong associations with

both 25(OH)D concentrations and lung function and/or respir-

atory infections, typically with the same categories associated

with both vitamin D insufficiency and worse respiratory

health. Smoking is a strong risk factor for lung function and

respiratory infections, and could plausibly affect vitamin D

status by the proposed reduction in parathyroid hormone

production for smokers(41). Correspondingly, individuals who

are physically inactive and who spend more time indoors are

likely to have both lower 25(OH)D concentrations and worse

respiratory health. We observed an interaction between

25(OH)D and physical activity, the association with lung

function being stronger for those who did not exercise com-

pared with those who did, although the overall mean concen-

trations of 25(OH)D and FEV1, FVC were higher in those who

did engage in vigorous exercise. However, this might suggest

that ensuring adequate vitamin D supplementation is especially

beneficial for respiratory health in situations where there is

limited activity or reflects lesser variations in vitamin D intake

within the active group compared with others.

Methodological considerations

A strength of the present study is the rich data on 25(OH)D

concentrations, measurements for lung function, respiratory

infections/medications and several lifestyle and social factors

potentially associated with vitamin D status and respiratory

health. The large sample size is a further strength of the

study. However, some limitations of the present study need

to be considered. Despite extensive adjustments, we cannot

discount possible residual confounding or reverse causality

on the observed associations. The study was restricted to

Caucasians (thereby reducing problems of population stratifi-

cation), hence the present findings cannot be extrapolated to

non-white ethnic groups. Furthermore, some sample attrition

has occurred during the survey and although the present

sample is broadly representative of the surviving cohort,

some minority groups are under-represented(15). Given the

cross-sectional setting, it is not possible to demonstrate causal-

ity for the observed associations. Also, information on respir-

atory infections and medication was based on self-report

rather than more objective forms of data acquisition.

Conclusion

RCT are warranted to investigate the role of vitamin D

supplementation on respiratory health and to establish the

underlying mechanisms. However, vitamin D deficiency is a

known avoidable health hazard, and it is important to take

action to reduce the prevalence even while waiting for further

evidence to accumulate for any specific health outcome.

Given the high global prevalence of hypovitaminosis D, the

present findings suggest that ensuring adequate intakes of

vitamin D throughout the year could have important popu-

lation-level influences on respiratory health.
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