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ABSTRACT
Introduction Vitamin-D deficiency has been linked to
an increased risk of respiratory infections. The objective
of this study was to determine the frequency and clinical
importance of vitamin-D deficiency in patients with
bronchiectasis.
Methods 25-hydroxyvitamin-D was measured by
immunoassay in 402 stable patients with bronchiectasis.
Patients were classified as vitamin-D deficient (serum
25-hydroxyvitamin-D <25 nmol/l), insufficient (25 nmol/
l–74 nmol/l) or sufficient (≥75 nmol/l). Disease severity
was assessed, including exacerbation frequency,
measurement of airway inflammatory markers, sputum
bacteriology and lung function over 3 years follow-up.
Results 50% of bronchiectasis patients were vitamin-D
deficient, 43% insufficient and only 7% sufficient. This
compared to only 12% of age and sex matched controls
with vitamin-D deficiency (p<0.0001). Vitamin-D
deficient patients were more frequently chronically
colonised with bacteria (p<0.0001), 21.4% of vitamin-D
deficient subjects were colonised with Pseudomonas
aeruginosa compared to 10.4% of insufficient patients
and 3.6% of sufficient patients, p=0.003. Vitamin-D
deficient patients had lower FEV1% predicted
(p=0.002), and more frequent pulmonary exacerbations
(p=0.04). Vitamin-D deficient patients had higher
sputum levels of inflammatory markers and
demonstrated a more rapid decline in lung function over
3 years follow-up. Defects in neutrophil function and
assessment of airway LL-37 levels did not provide a
mechanistic explanation for these findings. Vitamin-D
deficient patients had, however, higher levels of Vitamin-
D Binding Protein in sputum sol.
Conclusions Vitamin-D deficiency is common in
bronchiectasis and correlates with markers of disease
severity. The mechanism of this association is unclear.

BACKGROUND
Bronchiectasis is a chronic, debilitating, lung
disease characterised by a vicious cycle of airway
inflammation and bacterial colonisation.1 There are
no effective long term treatments apart from anti-
biotics and chest clearance techniques.2 The under-
lying cause of bronchiectasis is unknown in the
majority of patients.3

Chronic colonisation with bacterial pathogens
such as Haemophilus influenzae and Pseudomonas
aeruginosa leads to progressive lung damage,
recurrent exacerbations and premature death.4–6

Understanding why some patients develop chronic
bacterial colonisation and other patients experience
a more benign course of bronchiectasis is the key to
developing new treatments.
It is estimated that one billion people worldwide

are deficient in vitamin-D and in the UK, a nation-
wide survey demonstrated that more than 50% of
the adult population had vitamin-D insufficiency
and 16% had severe deficiency during winter and
spring.7 8 The highest rates of vitamin-D deficiency
were observed in Scotland.7 8

Vitamin-D has potent effects on innate immunity
in vitro with the vitamin-D receptor expressed on the
majority of immune cells (monocytes, T-cells, B-cells
and dendritic cells). Vitamin-D has been shown to
reduce the production of pro-inflammatory cyto-
kines9 and regulates the secretion of antimicrobial
peptides such as cathelicidin (LL-37) which has
potent antimicrobial activity against Paeruginosa.10–12

Wang et al10 showed that vitamin-D treatment
of inflammatory cells in vitro enhanced killing of
Paeruginosa.
A mouse model of vitamin-D deficiency has

recently shown that deficiency directly causes altera-
tions in lung structure and reduced lung function.13

Key messages

What is the key question
▸ Vitamin-D deficiency has been linked to an

increased risk of respiratory infections. The key
objective of this study was to determine the
frequency and clinical importance of vitamin-D
deficiency in patients with bronchiectasis.

What is the bottom line
▸ Vitamin-D deficiency is common in

bronchiectasis and is associated with a higher
frequency of bacterial colonisation, more
exacerbations and worse quality of life.

Why read on
▸ We have explored the effects of Vitamin-D

deficiency on neutrophil phagocytosis, sputum
concentrations of LL-37 and Vitamin-D Binding
Protein. We propose that Vitamin-D be
evaluated as a potential therapy in
bronchiectasis.
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These effects of vitamin-D deficiency make it a relevant can-
didate to modify disease severity in bronchiectasis. Vitamin-D
deficiency resulting from reduced sunlight exposure or poor
diet is well recognised.14 It is also recognised however, altera-
tions in vitamin-D binding protein (VDBP) may influence circu-
lating vitamin-D levels. The level of VDBP is linked to
circulating vitamin-D through alterations in vitamin-D bioavail-
ability but also through single nucleotide polymorphisms in the
VDBP gene that lead to both increased VDBP and reduced
serum 25-hydroxyvitamin-D (25-OHD).15 Of direct relevance
to bronchiectasis, high levels of airway VDBP has been shown
to be pro-inflammatory, inducing macrophage activation and
causing impaired neutrophil chemotaxis.16 17

The aim of this study was to determine if vitamin-D defi-
ciency is associated with chronic bacterial colonisation, airway
inflammation and disease severity in patients with
bronchiectasis.

METHODS
Consecutive adult patients with non-cystic fibrosis bronchiectasis
were recruited from a regional specialist clinic at the Royal
Infirmary of Edinburgh, UK. The study was approved by the
South East Scotland Research Ethics committee and all partici-
pants gave written informed consent.

Included patients had clinically significant bronchiectasis con-
firmed by high resolution CT scan.2 Exclusion criteria were
age<18 years, poorly controlled asthma; active allergic bronch-
opulmonary aspergillosis, current smoking (within 2 years),
cystic fibrosis, active mycobacterial disease, long term use of
oral or nebulised antibiotic therapy or long term oral cortico-
steroid therapy at any dose. Full medication histories, including
over the counter medication use, were obtained at study entry.
No patients were included if they reported taking prescribed or
over the counter calcium or vitamin-D supplements.

Study design
All patients were clinically stable and free from antibiotic
therapy for at least 4 weeks at enrolment. Two hundred age and
sex matched control subjects were recruited from the spouses
and partners of patients attending the respiratory outpatient
clinics at the Royal Infirmary of Edinburgh. Control subjects
were not prescribed vitamin-D supplements either at any time
prior to the study or during the study period.

To reduce the impact of seasonal variation in vitamin-D on
measurements and clinical parameters all vitamin-D measure-
ments were made on serum samples collected between October
and March at the commencement of the study and clinical para-
meters were recorded annually.

Measurement of serum vitamin-D
Serum total (25-OHD—the main circulating form of vitamin-D)
was measured using the enzyme immunoassay method
(Immunodiagnostic systems, Boldon,UK) according to the man-
ufacturer’s instructions. Further details of the vitamin-D assay
are provided in the online supplementary material. This assay
correlates well with alternative methods such as radioimmuno-
assay and mass spectrometry,18 19 has been used in clinical
studies and has been validated using the Vitamin-D External
Quality Assessment Scheme methodology.19

The definition of vitamin-D deficiency is the subject of
debate. For the main analysis, a priori, vitamin-D deficiency was
defined according to the kit manufacturer’s recommendations
and cut-offs previously used in clinical studies as <25 nmol/l
(equivalent to <10 ng/ml) with insufficiency defined as serum

25-OHD. 25 nmol/l–74 nmol/l and ≥75 nmol/l was regarded as
sufficient serum 25-OHD. A sensitivity analysis using a second
definition of vitamin-D deficiency is presented in the online sup-
plementary material.14 Measurements of baseline 25-OHD were
performed in batch at the end of the study and therefore knowl-
edge of patients 25-OHD status did not influence the patient’s
clinical management or assessments during follow-up.

Bacteriology
Spontaneous early morning sputum samples containing less than
10 squamous cells and more than 25 leukocytes per low power
microscope field were acceptable.20 Sputum was separated from
saliva and the sample split for bacteriology and assessment of
airway inflammation markers. 1 ml sputum was homogenised by
treatment with dithiotreitol (Sputolysin; Calbiochem, San
Diego, California, USA). Samples were processed for quantita-
tive and qualitative bacteriology as described.21 Chronic colon-
isation was defined by the isolation of the same bacterial species
in sputum on two or more occasions, at least 3 months apart in
a 1 year period while clinically stable.

Clinical assessments
All stable patients had 6 monthly assessments and underwent
spirometry (forced expiratory volume in 1 s (FEV1) forced vital
capacity with the highest of three technically satisfactory mea-
surements recorded)22 and patients completed the St. Georges
Respiratory Questionnaire (SGRQ)23 and the Leicester cough
questionnaire (LCQ).24 The LCQ has a score from 3 to 21 (a
score of 3 is most severe cough) and the SGRQ has a score from
0 to 100 (100 indicates maximum impairment). The minimal
important clinical difference is 1.3 Units and four Units respect-
ively for these questionnaires. Severity of bronchiectasis was
assessed by scoring high resolution computed tomography scans
using a modified Reiff score.3 This takes into account the
number of lobes involved (with the lingula scored as a separate
lobe) and the severity of dilatation (tubular-1 point, varicose-2
points, cystic-3 points). The maximum score is 18.
Exacerbations were quantified from patient histories and verified
against general practitioner antibiotic prescription records.
Exacerbations were defined as in the British Thoracic Society
bronchiectasis guidelines as an acute deterioration with worsen-
ing of cough, increased sputum production or change in viscos-
ity, increased sputum purulence with or without increasing
wheeze, breathlessness or haemoptysis.2 Hospitalisation was
recommended for patients meeting the British Thoracic Society
criteria for inpatient management of exacerbations (develop-
ment of cyanosis or confusion, breathlessness with respiratory
rate ≥25/min, circulatory failure, respiratory failure, temperature
≥38°C, inability to take oral therapy, inability to cope at home
and failure of oral antibiotic therapy).2

Airway inflammation
Unprocessed sputum, not treated with dithiotreitol, was ultra-
centrifuged at 50 000×g for 90 min at 4°C. The sol phase was
removed and immediately frozen at -70°C. Myeloperoxidase
and neutrophil elastase activity were measured as described.21

Interleukin (IL)-8, tumour necrosis factor (TNF)-α and IL-1 β
were measured by commercially available ELISA (R+D systems,
Abingdon, UK) using kits that had been validated for sputum
use according to established methodology.25 Sputum levels of
LL-37 were measured using a commercial ELISA kit (Hycult
Biotechnology,Uden, Netherlands). VDBP was measured in
sputum using a commercial ELISA kit (R+D systems,
Abingdon, UK).
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Follow-up
Patients were followed up for 3 years to assess frequency of
exacerbations (averaged per year), colonisation status, decline in
FEV1 and survival status.

Neutrophil phagocytosis assays
Peripheral blood neutrophils were isolated from patients with
bronchiectasis by percoll-gradient density centrifugation as
described.26 A flow cytometry based phagocytosis assay was
used.27 FITC labelled P aeruginosa and Eschericia coli were
opsonised with 10% pooled serum from healthy donors at 37°C
for 1 h. Opsonised bacteria were then added at a multiplicity of
infection 10 : 1 to patient neutrophils(0.5×106 per experiment).
Phagocytosis was permitted at 37°C for 30 min and then termi-
nated by placing the samples on ice. Excess bacteria were
removed by washing in phosphate buffered saline and cells sub-
sequently analysed by fluorescence activated cell sorting (FACS).
To differentiate phagocytosed (intracellular) bacteria from
adherent (extracellular bacteria), cells were incubated with 0.1%
trypan blue to quench extracellular fluorescence. All analyses
were performed on a FACSCalibur flow cytometer (BD
Biosciences, San Jose, California, USA).

Statistical analysis
For comparisons of more than two groups of continuous data,
one way ANOVA was used for comparison of normally distribu-
ted data with the Kruskal-Wallis test used for non-normally dis-
tributed data. Dunn’s multiple comparison test was used to
correct for multiple comparisons. Distribution was assessed by
the D’Agostino and Pearson omnibus normality test. χ2 test was
used for more than two groups of categorical data. To adjust for
confounders of the relationship between vitamin-D status and
chronic colonisation multivariable logistic regression analysis
was used. Variables with a p value <0.1 on univariate analysis
were entered into a logistic regression model using a forward
stepwise approach. Final model fit was assessed using the
Hosner-Lemeshow goodness of fit test. To investigate the
relationship between vitamin D status and survival, Cox’s

proportional hazard model was used to estimate survivor func-
tions with survival over 3 years follow-up as the dependent vari-
able. Variables associated with mortality (p<0.1) in univariate
analysis were adjusted for in the model. To account for the
potential impact of season on vitamin-D levels, the timing of
blood sampling (October–March) was included in both multi-
variable models. For all analyses, p<0.05 was considered statis-
tically significant.

RESULTS
Study population
After exclusion of 82 patients currently receiving vitamin-D sup-
plementation, the study included 402 patients with bronchiec-
tasis. The baseline characteristics of the study population are
shown in table 1. Vitamin-D deficient patients were more fre-
quently prescribed inhaled corticosteroids and were more fre-
quently female. The online supplement shows the baseline
characteristics using different Vitamin D cut-offs (see online
supplementary table E1 <50 nmol/l, 51–69 nmol/l and
≥70 nmol/l).

Vitamin-D deficiency in patients and controls
The median serum 25-OHD was 24.7 nmol/l in patients (IQR
16.7–45.4) and 45.3 nmol/l in control subjects (IQR 30.9–
68.9), p<0.001. Vitamin-D deficiency was very common in
bronchiectasis patients. Fifty per cent (201) of patients were
deficient according to the study definitions (<25 nmol/l) com-
pared to 12% of controls. Forty-three per cent of bronchiec-
tasis patients met the criteria for insufficiency (25–75 nmol/l)
meaning that only 7% (28) of the bronchiectasis patients
enrolled in the study had sufficient 25-OHD levels. Low
25-OHD levels were significantly more frequent in bronchiec-
tasis patients compared to controls (p<0.001). There were no
significant differences in age (median 67 years IQR 58–73 vs
median 65 years IQR 53–76, p=0.2), gender (41.3% male vs
45.0%, p=0.5), comorbidities or the month of sampling
(p=0.8) between the groups to explain these differences (see
the online supplement table E2 and E3).

Table 1 Baseline characteristics of the study population

Baseline characteristics Study population Deficient <25 nmol/l Insufficient 25 nmol/l–74 nmol/l Sufficient ≥75 nmol/l p Value

N 402 201 173 28
Age 67 (58–73) 67 (58–74) 67 (60–73) 65 (58–74) 0.9
Gender (% male) 166 (41%) 71 (35%) 81 (47%) 14 (50%) 0.03
BMI kg/m2 25.7 (22.1–29.5) 25.7 (22.3–28.7) 25.4 (21.8–29.5) 27.2 (22.2–32.6) 0.4
Ethnicity (% Caucasian) 391 (97.3%) 193 (96.0%) 170 (98.3%) 28 (100%) 0.3
Comorbidities
Chronic cardiac disease 79 (20%) 44 (22%) 32 (19%) 3 (11%) 0.3
Chronic renal impairment 20 (5%) 14 (7%) 5 (3%) 1 (4%) 0.2
Diabetes mellitus 52 (13%) 29 (14%) 20 (12%) 3 (11%) 0.7

Causes of bronchiectasis
Idiopathic/post infective 251 (62%) 123 (61%) 112 (65%) 16 (57%) 0.7
Previous TB 70 (17%) 36 (18%) 31 (18%) 3 (11%) 0.6
Previous ABPA 35 (9%) 17 (9%) 13 (8%) 5 (18%) 0.2
Connective tissue disease 27 (7%) 14 (7%) 9 (5%) 4 (14%) 0.2
Inflammatory bowel disease 12 (3%) 7 (4%) 5 (3%) 0 (0%) 0.6
Others 7 (2%) 4 (2%) 3 (2%) 0 (0%) 0.8

Treatment
Inhaled corticosteroid use 166 (41%) 101 (50%) 61 (35%) 4 (14%) <0.001

ABPA, allergic bronchopulmonary aspergillosis; BMI, body mass index; TB, tuberculosis. Data are presented as median (IQR) or N (%).
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Vitamin-D deficiency correlates with chronic bacterial
colonisation of the airways
Figure 1, shows the frequency of chronic bacterial colonisation
in bronchiectasis patients according to their 25-OHD status.
The most frequently isolated organism during the study was
Haemophilus influenzae. At baseline, 69.2% of the study popu-
lation met the criteria for chronic colonisation. Chronic colon-
isation with any bacterial species was more common in patients
with vitamin-D deficiency than in patients with vitamin-D insuf-
ficiency or patients with sufficient vitamin-D status, p<0.0001
(figure 1). The difference between vitamin-D deficient and

insufficient patients was also statistically significant, p=0.006 by
χ2 test. In logistic regression analysis vitamin-D deficiency was
independently associated with chronic colonisation-adjusted OR
1.67, 95% CI 1.10 to 2.56, p=0.01. This analysis was adjusted
for FEV1% predicted, radiological severity of bronchiectasis,
gender, inhaled corticosteroid use and month of vitamin-D
testing.

Quantitative bacteriology demonstrated a higher mean bacter-
ial load in vitamin-D deficient patients compared to sufficient or
insufficient patients (p<0.001).

Of the vitamin-D deficient subjects 21.4% were colonised
with P aeruginosa compared to 10.4% of insufficient patients
and 3.6% of sufficient patients, p=0.003.

Vitamin-D deficiency is associated with symptoms,
exacerbations and quality of life
This secondary care population with bronchiectasis had signifi-
cant impairment of quality of life and significant cough symp-
toms, with median (IQR) SGRQ and LCQ scores of 45.8
(26.9–62.7) and 13.9 (10.4–17.4) respectively. There was a sig-
nificant relationship between serum 25-OHD and both SGRQ
and LCQ with the differences between groups being signifi-
cantly greater than the minimal clinically important difference
(figure 2).

The median number of exacerbations was 3 per year (IQR 1–5).
Vitamin-D deficient patients were more likely to suffer frequent
outpatient exacerbations (median 3, IQR 2–5 for vitamin-D defi-
cient patients compared to median 2, IQR 1–5 for insufficient and
median 1.5 (0–4) for sufficient patients, p=0.04) and were more
likely to be hospitalised with severe exacerbations. In the year fol-
lowing vitamin-D measurement 27.4% of deficient patients had an
unscheduled hospitalisation for a severe exacerbation compared to
19.7% of insufficient patients and 7.1% of sufficient patients,
p=0.02.

The median FEV1% predicted in the study population was
72.1 (51.6–88.7) and the median forced vital capacity was 83.1
(68.3–98.7). In the vitamin-D deficient group, the median FEV1

was 68.0% (IQR 45.3–84.9%), in the insufficient group the
median FEV1 was 74.2% (IQR 59.1–93.8%) with the median
FEV1 in the sufficient group being 72.2% (61.9–90.7), p=0.02
by Kruskal-Wallis test. The difference between the deficient
group and the insufficient group was also statistically significant
(p=0.007).

Vitamin-D deficiency is associated with increased airways
inflammation
Figure 3 shows the relationship between vitamin-D status and
measures of airways inflammation. There was a significant asso-
ciation between serum 25-OHD levels and each of the airway
inflammation markers measured. Differences were statistically
significant for myeloperoxidase (MPO) activity (p=0.007), neu-
trophil elastase (p=0.004), IL-8 (p<0.001), TNF-α (p=0.03)
and IL-1β (p=0.04) by Kruskal-Wallis test. There were signifi-
cant differences between the deficient and insufficient groups
for MPO activity (p=0.02), elastase activity (p=0.002), IL-8
(p=0.002) but not for TNF-α (p=0.2) or IL-1β (p=0.07).

Relationship between vitamin-D status, decline in lung
function and survival
Patients attended for 6 monthly spirometry for 3 years. FEV1

decline is expressed as a percentage of baseline FEV1 since it is
known that baseline FEV1 significantly modifies the rate of abso-
lute lung function decline,28 and vitamin-D deficient subjects
had significantly lower FEV1 at baseline.

Figure 1 Association between vitamin-D status, chronic colonisation
and bacterial load. (A) the frequency of bacterial isolates from 402
patients with bronchiectasis. (B) demonstrates a higher frequency of
chronic bacterial colonisation in vitamin-D deficient patients compared
to insufficient (p=0.006) or sufficient patients (p<0.0001). (C)
Quantitative bacteriology demonstrates a higher median bacterial load
in sputum from vitamin-D deficient patients compared to insufficient
and sufficient groups (p=0.005). ** indicates p<0.05 when compared
to insufficient and sufficient groups. *indicates p<0.05 when compared
to sufficient group.
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In this analysis Vitamin-D deficient subjects had a more rapid
decline in lung function, (p=0.01). The difference between
vitamin-D insufficient and sufficient subjects was not significant
(figure 4).

There were 30 deaths in this cohort over the course of
3 years (7.5%). The cause of death was bronchiectasis related in
16 cases (listed as exacerbation of bronchiectasis, end-stage
bronchiectasis, pneumonia, lower respiratory tract infection or
chronic respiratory failure). Four patients died of myocardial
infarction, two patients died of lung cancer, three patients died
of non-pulmonary malignancy (pancreatic, colonic and nasal
carcinoma respectively), one patient each died of the following
causes: sepsis, stroke, severe cardiac failure, alcoholic liver
disease and postoperative complications.

18 deaths occurred in the deficient cohort, 11 deaths
occurred in the insufficient cohort and one death occurred in
the sufficient cohort. The relationship between vitamin D status
and survival was not statistically significant (log rank test
p=0.4) (figure 4). In Cox proportional hazard regression ana-
lysis, vitamin-D deficiency was not significantly associated with
mortality, HR 1.30, 95% CI 0.62 to 2.73.

Vitamin-D deficiency is not associated with reduced airway
LL-37 concentration
Based on previous data suggesting that antimicrobial peptide
secretion was regulated by vitamin-D, we hypothesised that
LL-37 would be reduced in the airways of patients with
vitamin-D deficiency.

Our results showed the opposite, with higher levels of
sputum LL-37 in the vitamin-D deficient group compared to the
insufficient and sufficient groups (p=0.02, Kruskal-Wallis test).
There was a significant but weak correlation between sputum
LL-37 and MPO concentration (r=0.18, p=0.0003), neutrophil
elastase (r=0.27, p<0.001), IL-8 (0.11, p=0.03), TNF-α
(r=0.22, p<0.001) and IL-1β (r=0.18, p=0.005) and higher
levels of sputum LL-37 were evident in patients colonised with
P aeruginosa compared to patients without P aeruginosa
(p<0.001). No significant effect of 25-OHD status on sputum
LL-37 was evident among patients with chronic colonisation
(p=0.4) and patients colonised with P aeruginosa (p=0.8) sug-
gesting that the higher frequency of colonisation and P aerugi-
nosa in the vitamin-D deficient group explained the observed
differences in sputum LL-37.

No effect of vitamin-D deficiency on neutrophil
phagocytosis in bronchiectasis patients
Neutrophils were isolated from 10 patients with bronchiectasis
and vitamin-D deficiency and these were compared to 10
patients with vitamin-D insufficiency and 6 patients with suffi-
cient 25-OHD levels.

No significant difference was observed in phagocytosis of
either P aeruginosa (p=0.9) or E coli (p=0.9) when comparing
groups according to 25-OHD status (figure 5).

Vitamin-D binding protein is elevated in the airways of
patients with severe bronchiectasis
There were statistically significant but weak correlations between
sputum sol concentrations of VDBP and sputum MPO (r=0.17,
p=0.002), elastase (r=0.17, p=0.002), IL-8 (r=0.12, p=0.01)
and IL-1β (r=0.27, p<0.0001). The relationship with TNF-α
was not significant. Sputum sol levels of VDBP were

Figure 2 Relationship between vitamin-D status and the Leicester
cough questionnaire (LCQ), St. Georges Respiratory questionnaire and
FEV1% predicted. For LCQ and St. Georges Respiratory Questionnaire
(SGRQ), the graph shows median and IQR (boxes) with range (bars).
For FEV1, median with IQR is shown. **p<0.05 for comparison
between deficient and both insufficient and sufficient groups. *p<0.05
for comparison with sufficient group. All other comparisons p>0.05.
(Tests for trend: LCQ p=0.004 by Kruskal-Wallis test, SGRQ p=0.001 by
Kruskal-Wallis test, FEV1% predicted p=0.02 by Kruskal-Wallis test).
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significantly elevated in patients with vitamin-D deficiency,
compared to vitamin-D insufficiency and sufficient subjects
(p<0.0001) (figure 6).

DISCUSSION
To our knowledge, this is the first study to investigate the role
of vitamin-D in bronchiectasis. Our study has identified a strong
association between vitamin-D deficiency and markers of disease
severity. Compared to patients with insufficient or sufficient
25-OHD levels, patients with vitamin-D deficiency are more
likely to be chronically colonised with bacteria and have evi-
dence of increased neutrophil mediated airway inflammation.
These patients suffered more frequent exacerbations and were
more likely, over the course of 12 months, to be hospitalised

due to a severe exacerbation. Finally, and perhaps most import-
antly, these patients had worse health-related quality of life and
symptoms as measured using the SGRQ and LCQ.

Vitamin-D supplementation is a relatively inexpensive and
safe therapy. Thus our results justify a randomised controlled
trial of vitamin-D replacement therapy to determine if supple-
mentation can improve clinical outcomes. A randomised con-
trolled trial is essential as although this study has identified a
strong association, this does not demonstrate causality. It is well
recognised that vitamin-D deficiency can arise from reduced
exposure to sunlight and that reduced outdoor physical activity
is a common consequence of chronic lung diseases.8 14 16 While
we hypothesise that deficiency of vitamin-D may impair innate
immunity leading to more severe bronchiectasis, it is equally

Figure 3 The relationship between vitamin-D status and markers of airway inflammation. p<0.05 for all comparisons by Kruskal-Wallis test.
**p<0.05 for comparison between deficient and both insufficient and sufficient groups. *p<0.05 for comparison with sufficient group. All other
comparisons p>0.05.

Figure 4 The relationship between vitamin-D status and lung function decline and survival over 3 years. There was a significant relationship
between vitamin D status and FEV1 decline, *p=0.01 by Kruskal-Wallis test. The differences in survival were not statistically significant p=0.4.
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possible that more severe bronchiectasis leads to vitamin-D defi-
ciency through reduced outdoor physical activity.

It is for this reason that we sought to investigate the potential
mechanism underlying the association between vitamin-D defi-
ciency and airway inflammation in bronchiectasis. It has previ-
ously been shown that the powerful antimicrobial peptide

LL-37 is regulated by Vitamin-D. LL-37 has activity against P
aeruginosa10 and therefore we hypothesised that the excess of
bacterial colonisation and particularly P aeruginosa in vitamin-D
deficient subjects may be due to reduced production of LL-37.
To the contrary, however, this study found a higher level of
LL-37 in the airways of vitamin-D deficient subjects. This sug-
gests that while vitamin-D may regulate LL-37 production in
vitro, this is of little consequence in vivo, at least in the context
of the bronchiectasis lung. Since bronchiectasis is a neutrophil
driven disorder,1 we hypothesised that patients with vitamin-D
deficiency may have a failure of neutrophil phagocytosis and
killing of micro-organisms. We observed, however, no difference
in neutrophil phagocytosis of E coli or P aeruginosa between
vitamin-D deficient patients, vitamin-D sufficient patients or
controls subjects.

We therefore focussed our investigation on the role of VDBP.
VDBP is widely expressed by inflammatory cells and has
important effects on neutrophils and macrophages, the primary
inflammatory cells present in the bronchiectasis lung.15 VDBP
promotes neutrophil recruitment by augmenting the chemotac-
tic effects of complement component c5a and also contributes
to macrophage activation.17 29 We found that higher levels of
VDBP in sputum correlated with higher levels of neutrophil
MPO and elastase and increased concentrations of IL-8 and
IL-1β. The relationship between VDBP in the airway and neu-
trophil mediated inflammation provides a potential mechanism
for the link between vitamin-D and disease severity. Shah
et al30 demonstrated that treatment with vitamin-D prevented
C5a/VDBP co-chemotactic activity, suggesting a mechanism
whereby treatment with vitamin-D could reduce neutrophil

Figure 5 (A) No relationship between vitamin-D status and neutrophil phagocytosis of Pseudomonas aeruginosa or Eschericia coli. N=10 patients
with vitamin-D deficiency compared to 10 patients with vitamin-D insufficiency and six patients with sufficient 25-hydroxyvitamin levels. p>0.05 for
all comparisons. (B) Representative flow cytometry plots are shown: the left panel shows neutrophils not exposed to bacteria. The right panel shows
neutrophils exposed to Fluorescein isothiocyanate (FITC) labelled PA01 for 30 min.

Figure 6 Vitamin-D deficient patients have higher levels of vitamin-D
binding protein in sputum sol, p<0.0001 by Kruskal-Wallis test.
**p<0.05 for comparison between deficient and both insufficient and
sufficient groups. *p<0.05 for comparison with sufficient group.
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recruitment. Our results extend the observations of
Wood et al17 who showed, in populations of patients with
α-1-antitrypsin deficiency and chronic obstructive pulmonary
disease (COPD), an association between high levels of VDBP
and lung function impairment. The authors also demonstrated
the importance of macrophage activation by VDBP in vitro and
therefore identified a potential mechanism for the harmful
effects of VDBP.17 Our work extends these observations to
patients with bronchiectasis and also links elevated levels of
VDBP with a number of other important clinical indices
including exacerbation frequency and airways inflammation.
The level of VDBP is linked to circulating vitamin-D through
alterations in vitamin-D bioavailability but also through single
nucleotide polymorphisms in the VDBP gene that lead to both
increased VDBP and also reduce serum vitamin-D.15–17

Janssens et al16 showed a clear relationship between the
rs7041 polymorphism in the VDBP gene and COPD. This
allele causes reduced serum levels of 25-OHD and also
increases sputum VDBP.16

This study demonstrated a greater percentage FEV1 decline in
the vitamin-D deficient group compared to the other two
groups over a 3 year period. It is known that baseline FEV1 sig-
nificantly modifies the rate of FEV1 decline and therefore we
analysed this data as a percentage decline from baseline FEV1.

28

This data suggests a possible association between Vitamin-D
deficiency and progression of disease, although as these patients
also had a higher frequency of chronic colonisation, more
exacerbations and more severe exacerbations, a causal associ-
ation cannot be clearly established.

There is a reported association between vitamin-D deficiency
and multiple respiratory disorders such as asthma, chronic
obstructive pulmonary disease, respiratory infections and tuber-
culosis.31–33 This suggests that either vitamin-D is essential
for normal immune function in the airway, or that all of these
studies are affected by similar confounders. Randomised con-
trolled trials are crucial to determine if vitamin-D is a viable
therapy for bronchiectasis or other respiratory disorders. The
first such trial of vitamin-D replacement in COPD has now been
reported. Lehouck et al31 randomised 182 patients with moder-
ate to very severe COPD and a history of recurrent exacerba-
tions to high dose vitamin-D supplementation or placebo. There
was no effect after 12 months on exacerbation frequency
overall, but a subgroup of patients with severe vitamin-D defi-
ciency (<10 ng/ml at baseline) had a significant reduction in
exacerbations (rate ratio 0.57 95% CI 0.33 to 0.98, p=0.04).
We believe the present study justifies a trial of vitamin-D
replacement in bronchiectasis, a disease with few effective
treatments.

Our study has some limitations. First, it is well recognised
that different vitamin-D assays may give different results.34 We
used an immunoassay method that correlates well with other
methods such as radioimmunoassay and investigators should
determine the appropriate cut-off to define vitamin-D deficiency
using their own assay and in their own population. The defin-
ition of vitamin-D deficiency is not universally accepted and so
we have presented data using two vitamin-D cut-offs, both dem-
onstrating a significant association between vitamin-D deficiency
and disease severity. Vitamin-D and calcium supplementation is
available without prescription and therefore, although full medi-
cation histories including ‘over the counter’ medication use
were taken at study entry, we cannot exclude the possibility that
some patients may have received vitamin-D or calcium supple-
mentation during the study.

CONCLUSION
Vitamin-D deficiency is common in bronchiectasis and is asso-
ciated with disease severity. High levels of VDBP in sputum are
associated with airway inflammation and disease severity. Future
studies to explore the therapeutic potential of modifying the
vitamin-D axis in bronchiectasis are justified.
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