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Abstract 

Background 

Vitamin D has effects on the innate and adaptive immune system. In asthmatic children low 
vitamin D levels are associated with poor asthma control, reduced lung function, increased 
medication intake, and exacerbations. Little is known about vitamin D in adult asthma 
patients or its association with asthma severity and control. 

Methods 

Clinical parameters of asthma control and 25-hydroxyvitamin D (25(OH)D) serum 
concentrations were evaluated in 280 adult asthma patients (mean ± SD: 45.0 ± 13.8 yrs., 
40% male, FEV1 74.9 ± 23.4%, 55% severe, 51% uncontrolled). 



Results 

25(OH)D concentrations in adult asthmatics were low (25.6 ±11.8 ng/ml) and vitamin D 
insufficiency or deficiency (vitamin D <30 ng/ml) was common (67%). 25(OH)D levels were 
related to asthma severity (intermittent: 31.1 ± 13.0 ng/ml, mild: 27.3 ± 11.9 ng/ml, 
moderate: 26.5 ± 12.0 ng/ml, severe: 24.0 ± 11.8 ng/ml, p = 0.046) and control (controlled: 
29.5 ± 12.5 ng/ml, partly controlled 25.9 ± 10.8 ng/ml, uncontrolled: 24.2 ± 11.8 ng/ml, p = 
0.030). The frequency of vitamin D insufficiency or deficiency was significantly higher in 
patients with severe or uncontrolled asthma and was associated with a lower FEV1 (vitamin 
D <30 vs. ≥30 ng/ml 2.3 ± 0.9 L vs. 2.7 ± 1.0 L, p = 0.006), higher levels of exhaled NO (45 
± 46 ppb vs. 31 ± 37 ppb, p = 0.023), a higher BMI (28.3 ± 6.2 vs. 25.1 ± 3.9, p < 0.001), and 
sputum eosinophilia (5.1 ± 11.8% vs. 0.5 ± 1.0%, p = 0.005). The use of oral corticosteroids 
or sputum eosinophilia was associated with a 20% or 40% higher risk of vitamin D 
insufficiency or deficiency. 

Conclusions 

25(OH)D levels below 30 ng/ml are common in adult asthma and most pronounced in 
patients with severe and/or uncontrolled asthma, supporting the hypothesis that improving 
suboptimal vitamin D status might be effective in prevention and treatment of asthma. 
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Background 

Asthma represents one of the most common chronic diseases and is a major public health 
problem worldwide [1]. In the majority of patients control of asthma as defined by guidelines 
can be achieved with long-term maintenance medications [1]. However, a substantial 
proportion of patients do not achieve optimal asthma control despite even high dose 
treatment. In particular inadequately controlled patients with severe persistent asthma are at 
high risk of severe exacerbations and asthma-related mortality. These patients represent the 
greatest unmet medical need among the asthmatic population today. 

Vitamin D insufficiency is increasingly recognized in the general population, and has been 
largely attributed to dietary, lifestyle and behavioral changes [2,3]. While its musculoskeletal 
consequences are well established, a new hypothesis links asthma to subnormal vitamin D 
levels [3-6]. Vitamin D has several effects on the innate and adaptive immune systems that 
might be relevant in the primary prevention of asthma, in the protection against or reduction 
of asthma morbidity, and in the modulation of the severity of asthma exacerbations [3,7,8]. 
Cross-sectional data indicate that low 25(OH)D levels in patients with mild to moderate 
asthma are correlated with poor asthma control, reduced lung function, reduced 
glucocorticoid response, more frequent exacerbations, and consequent increased steroid use 
[7,9-14]. However, there is insufficient evidence to support a causal association between 
vitamin D status and asthma per se. More so, there are very limited data in adult asthma 
patients addressing the impact of vitamin D status on disease control and severity. Therefore, 
the aim of this study was to prospectively investigate the prevalence of vitamin D 



insufficiency and deficiency in adult patients with asthma and its potential relationship with 
parameters of asthma severity and control, with a particular focus on patients with severe and 
uncontrolled disease. 

Methods 

The study was approved by the local ethics committees (Ethikkommission der 
Landesärztekammer Rheinland-Pfalz, Mainz, Germany) and by the Institutional Review 
Board. The study was conducted in accordance with the ethical principles embodied in the 
Declaration of Helsinki and local applicable laws and regulations. All patients provided 
written informed consent prior to taking part in the study. 

Subjects 

25-Hydroxyvitamin D3 (hereafter referred to as 25(OH)D) and clinical parameters of asthma 
severity and control were measured in 280 consecutive adult patients (≥ 18 years, all 
caucasians) with a previous physician diagnosis of asthma (Table 1) and 40 healthy 
volunteers (employees of Mainz University Hospital) between September 2008 and 
November 2011. 

Table 1 Characteristics of patients with asthma and healthy volunteers 
 Asthma (n = 280) Healthy controls (n = 40) p-value 

Age (years) 45.0 ± 13.8 37.7 ± 13.5 0.002 
Gender (male), n (%) 111 (40) 20 (50) 0.232 
Allergy, n (%)  236 (84) 22 (55) <0.001 
FEV1 (L)  2.5 ± 0.9 3.8 ± 1.0 <0.001 
FEV1 (% of pred.) 74.9 ± 23.4 103.6 ± 13.3 <0.001 
Exhaled NO (ppb) 40.6 ± 41.5 19.6 ± 9.5 <0.001 
ICS use, n (%) 202 (82) - - 
OCS use, n (%) 75 (28) - - 
Asthma severity, n (%)  -  
•  Intermittent  • 18 (6.4)   
•  Mild  • 54 (19.3)   
•  Moderate • 53 (18.9)   
•  Severe • 155 (55.4)   
Asthma control, n (%)  -  
•  Controlled • 44 (15.7)   
•  Partly controlled  • 92 (32.9)   
•  Uncontrolled • 144 (51.4)   
ICS: inhaled corticosteroids, OCS: oral corticosteroids. 
Displayed are means ± SD for continuous endpoints and frequencies for categorical 
endpoints. 

Blood samples for 25(OH)D measurement were always taken in the morning between 8 and 
11 am. Medical history, lung function tests, measurement of exhaled nitric oxide 
concentrations (FeNO) and sputum induction were performed on the same day. Serum levels 
of 25(OH)D were quantified by a radioimmunoassay (Cobra Quantum, Packard, MN, USA) 



and categorized into sufficient (≥ 30 ng/ml), insufficient (20 – < 30 ng/ml) or deficient (<20 
ng/ml) based on previous recommendations [2,15,16]. To simplify matters, patients were 
categorized into 25(OH)D sufficient (≥30 ng/ml) or insufficient (0 - <30 ng/ml) unless 
specified otherwise. Serum levels of 25-hydroxyvitamin D3 are considered the best 
circulating biomarker of vitamin D metabolic status and reflect contributions from all sources 
of vitamin D (i.e., diet and sun exposure) [17,18]. Very few patients (n = 5) on nutritional 
supplements with a potential effect on 25(OH)D serum concentrations were excluded. . In 
addition, interleukin-10 (IL-10) was measured in serum in all patients with asthma using an 
interleukin-10 ELISA (ImmunoTools GmbH, Friesoythe, Germany). 

Asthma diagnosis was confirmed by either pre- and post-bronchodilator spirometry or 
methacholine bronchial challenge test. Classification of asthma severity was based on 
symptoms and asthma therapy as recommended [19]. Asthma control was assessed according 
to the criteria of the Global Initiative for Asthma using a categorical scale to identify 
controlled, partly controlled or uncontrolled asthma [19]. 

Allergy was defined as a positive skin prick test or allergen-specific IgE (ImmunoCAP, 
Phadia, Uppsala, Sweden) in combination with allergic symptoms. Lung function and FeNO 
were assessed following ATS/ERS guidelines. Regular medications were recorded in all 
patients, and asthma severity and control was defined based on symptom load and treatment 
intensity [20]. In a subset of patients sputum induction was performed and samples processed 
following established standards [21]. Eosinophils were counted and patients were categorized 
as eosinophilic (eosinophil count ≥ 3%) or non-eosinophilic. 

The study was approved by the Institutional Review Board and was conducted in accordance 
with the ethical principles embodied in the Declaration of Helsinki and local applicable laws 
and regulations. All patients provided written informed consent prior to taking part in the 
study. 

Statistical analysis 

The analyses evaluated the relationship between serum levels of 25(OH)D and GINA-defined 
asthma control, asthma severity and clinical and functional characteristics of asthma. 
Descriptive statistics were used to summarize patient characteristics relative to the four 
severity and three GINA asthma control categories. The analyses were further based on a 
categorization of patients into 25(OH)D sufficient (≥30 ng/ml) or insufficient (0 - < 30 
ng/ml). Data description was primarily based on means and standard deviations (SD, normal 
data) for continuous endpoints, and on frequencies for categorical endpoints. Unadjusted 
comparisons between patients and control group were made using the t-test or Mann-Whitney 
U test for continuous endpoints and the Chi-Square test for categorical endpoints. To express 
the risk of vitamin D insufficiency relative risks, odds ratios (OR) and 95% confidence 
intervals (CI) were used. To determine the association between 25(OH)D levels or vitamin D 
insufficiency and disease severity, control and physiologic or inflammatory markers 
regression analyses were used with adjusted models for the potentially confounding effects of 
age, sex, BMI, and seasonality (4 categories). Correlations were assessed using the Pearson 
correlation (normal data) or the Spearman's rank correlation (skewed data). P values < 0.05 
indicate local statistical significance and will be presented without adjustment for multiple 
testing. Data analysis was performed using SPSS® software (version11.5). 



Results 

Subjects 

A total of 280 adult patients with asthma and 40 healthy volunteers as a control group were 
enrolled. 155 patients had severe asthma (55%) and 144 were uncontrolled (51%; Table 1). In 
76 patients sputum induction was performed with a mean of 3.9 (±10.4)% eosinophils (mean 
± SD) and 29% of patients were eosinophilic (≥3% eosinophils in sputum). 

25(OH)D levels, asthma severity and asthma control 

Mean 25(OH)D concentrations were 25.6 (±11.8) ng/ml in asthmatics and 26.2 (±16.8) ng/ml 
in healthy volunteers (p = 0.778). In the asthma population 35.4% of patients had normal 
25(OH)D levels, 31.8% were vitamin D insufficient (20–29 ng/ml) and 32.9% were vitamin 
D deficient (0–19 ng/ml). Serum levels of 25(OH)D were significantly related to asthma 
severity (intermittent: 31.1 ± 13.0 ng/ml, mild: 27.3 ± 11.9 ng/ml, moderate: 26.5 ± 12.0 
ng/ml, severe: 24.0 ± 11.8 ng/ml, p = 0.046) and asthma control (controlled: 29.5 ± 12.5 
ng/ml, partly controlled 25.9 ± 10.8 ng/ml, uncontrolled: 24.2 ± 12.1 ng/ml, p = 0.030) 
(Figure 1). About 75% of patients with severe or uncontrolled asthma were vitamin D 
insufficient as defined by a level of 30 ng/ml or less. Patients with severe and uncontrolled 
asthma had the lowest 25(OH)D levels (23.7 ± 12.3 ng/ml) compared with patients with 
intermittent, mild or moderate and controlled or partly controlled asthma (27.1 ± 11.7 ng/ml, 
p = 0.014). Patients with severe or uncontrolled asthma had a 20% or 30% higher risk to be 
vitamin D insufficient compared with patients with intermittent, mild or moderate disease or 
with controlled or partly controlled asthma, respectively. The odds ratio for being vitamin D 
insufficient for patients with severe or uncontrolled asthma was 1.9 (95% CI 1.2–3.2) and 2.1 
(1.3–3.5), respectively. 

Figure 1 A: 25(OH)D level in serum, vitamin D insufficiency and asthma severity. Left: 
25(OH)D level in serum (mean ± SD) for different asthma severity grades. Right: Percentage 
of vitamin D insufficient patients stratified by asthma severity. B: 25(OH)D level in serum, 
vitamin D insufficiency and asthma control. Left: 25(OH)D level in serum (mean ± SD) 
stratified by asthma control. Right: Percentage of vitamin D insufficient patients stratified by 
asthma control. 

25(OH)D levels and clinical characteristics of asthma 

In patients with asthma, 25(OH)D levels were positively correlated with FEV1 (r = 0.235, p < 
0.001, Figure 2). Vitamin D insufficiency was associated with a lower FEV1 (vitamin D < 30 
ng/ml vs. ≥ 30 ng/ml: 2.3 ± 0.9 L vs. 2.7 ± 1.0 L, p = 0.005; 71.1 ± 23.4% pred. vs. 81.4 ± 
22.3%, p = 0.001), higher levels of exhaled NO (45 ± 46 ppb vs. 31 ± 27 ppb, p = 0.023) and 
sputum eosinophilia (5.1 ± 11.8% vs. 0.5 ± 1.0%, p = 0.005, Table 2). The difference in 
sputum eosinophils between vitamin D sufficient and vitamin D insufficient patients remains 
significant (p = 0.004) after adjustment for potential confounders (age, gender, BMI, season). 
Patients with a sputum eosinophil count ≥ 3% had a 40% higher risk of being vitamin D 
insufficient compared with patients without sputum eosinophilia, the odds ratio for vitamin D 
insufficiency in patients with sputum eosinophilia was 10.5 (CI 1.0–83.3). No association 
was observed between 25(OH)D and serum IgE levels (Table 2). 



Figure 2 25(OH)D levels (ng/ml) and FEV1 (% of predicted), r = 0.235, p < 0.001. 

Table 2 Vitamin D insufficiency and clinical characteristics of asthma 
 25(OH)D < 30 ng/ml 25(OH)D ≥ 30 ng/ml p-value 
Allergy    
Yes 159 (67.4%) 77 (32.6%)  
No 28 (66.7%) 14 (33.3%) 0.359 
OCS use    
Yes 58 (77.3%) 17 (22.7%)  
No 130 (63.4%) 75 (36.6%) 0.031 
OCS dose (mg/d) 24 ± 29 16 ± 12 0.274 
ICS use    
Yes 150 (68.2%) 70 (31.8%)  
No 38 (63.3%) 22 (36.7%) 0.536 
ICS dose (µg/d) 1310 ± 815 1232 ± 916 0.547 
Age (years) 44.5 ± 13.0 46.0 ± 15.4 0.400 
FEV1 (L)  2.3 ± 0.9 2.7 ± 1.0 0.003 
FEV1 (%)  71.7 ± 23.4 81.4 ± 22.3 0.001 
Reversibility (%) 13.1 ± 22.7 12.2 ± 23.3 0.838 
Exhaled NO (ppb) 45 ± 46 31 ± 27 0.022 
Total IgE (IU/ml) 544 ± 1292 365 ± 689 0.230 
Duration of disease (years) 18.6 ± 13.5 17.5 ± 15.5 0.539 
Sputum eosinophilia    
Yes 21 (95.5%) 1 (4.5%)  
No 36 (66.7%) 18 (33.3%) 0.008 
Sputum eosinophils (%) 5.1 ± 11.9 0.5 ± 1.0 0.005 
BMI (kg/m 2) 28.3 ± 6.3 25.1 ± 3.9 <0.001 
IL-10 (ng/ml) 118.6 ± 122.6 114.2 ± 137.1 0.788 
Displayed are means ± SD for continuous endpoints and frequencies for categorical 
endpoints. 

Of the different therapies prescribed to asthma patients, the use of daily maintenance oral 
steroids was significantly associated with lower 25(OH)D levels (Table 2). Patients using oral 
corticosteroids had a 20% higher risk to be vitamin D insufficient than patients without 
maintenance oral corticosteroids (OR 2.0, CI 1.1–3.6). There was no association between the 
use and daily dose of ICS and 25(OH)D levels. 

25(OH)D levels and body mass 

In patients with asthma, 25(OH)D levels were inversely correlated with BMI (r = −0.278, p < 
0.001). Vitamin D-insufficient patients had a significantly higher BMI (28.3 ± 6.2 vs. 25.1 ± 
3.9, p < 0.001). 

25(OH)D levels and IL-10 

There was no correlation of 25(OH)D levels in serum and serum IL-10 concentrations (Table 
2). IL-10 levels in patients with more severe disease and uncontrolled asthma did not differ 



from levels in patients with mild and moderate or controlled and partly controlled disease 
(113.5 ± 116.8 ng/ml vs. 120.2 ± 135.6, p = 0.658). 

25(OH)D levels and seasonality 

Blood was taken from March to May in 79 asthmatics, from June to August in 91 asthmatics, 
from September to November in 58 asthmatics and from December to February in 52 
asthmatics. 25(OH)D concentrations varied by season with highest levels in summer and 
lowest levels in winter and spring (Figure 3). Over the collection period of 3 years there was 
a similar number of samples collected during the 4 seasons and asthma severity and asthma 
control grades were equally distributed over the seasons. Introducing season as an additional 
covariable did not change the results of the previous analyses. 

Figure 3 25(OH)D levels in serum during the seasons. 

Discussion 

The present cross-sectional study demonstrates in a large, well-characterized population of 
adult asthma patients of all degrees of severity and different grades of control over a period of 
3 years a highly significant correlation between vitamin D status (as reflected by serum 
25(OH)D concentrations) and measures of asthma severity and control. There is an inverse 
relationship between 25(OH)D and asthma severity and a positive relationship between 
25(OH)D and both lung function and asthma control. Lower 25(OH)D levels are associated 
with worse lung function, higher levels of exhaled NO, sputum eosinophilia, oral 
corticosteroid use and higher BMI. The frequency of vitamin D insufficiency was highest in 
patients with severe, uncontrolled asthma, in particular in patients with a sputum eosinophil 
count ≥3% despite treatment with inhaled and oral corticosteroids. The findings of the present 
study confirm and extend in adult patients with various degrees of asthma severity reports in 
which vitamin D status is associated with asthma severity and control in children [7,9,22,23]. 
There is a paucity of data on the relation between vitamin D status and lung function in the 
general population, and our findings are in line with those from the large cross-sectional 
NHANES III study in the USA which reported a difference of more than 100 ml in FEV1 
between those in the top and bottom quintiles for serum vitamin D concentrations [24]. 
Similarly, our results are well in line with a Chinese study demonstrating a positive 
association between vitamin D status and lung function [12]. 

Sun exposure is the main source of vitamin D in humans. Vitamin D skin metabolism is 
influenced by melanin content of the skin, by age, by factors affecting sun exposure, and by 
body fat. Dietary intake and supplements are a secondary source of vitamin D. Recent 
epidemiologic studies suggest that the prevalence of vitamin D insufficiency in the 
population is increasing; a phenomenon attributed at least in part to dietary and behavioral 
changes over the last decades [3,25]. Studies investigating the link between vitamin D 
insufficiency and asthma yielded conflicting results. As yet there is insufficient evidence of a 
causal association between vitamin D status and asthma per se or a major role of vitamin D 
status in asthma morbidity [26]. It is unclear if the association of 25(OH)D concentrations 
with asthma severity and control is a consequence of lifestyle and dietary changes due to 
asthma (e.g. less time spent outdoors, medication) or if asthma severity and control are 
negatively influenced by vitamin D insufficiency that occurred independently of asthma 
morbidity or asthma control. Ongoing clinical trials should be able to answer this question 



[3], even though the largest study includes patients with mild asthma, the population in which 
the association between vitamin D insufficiency and disease severity and control is least 
pronounced. Clearly, lower 25(OH)D levels in patients with more severe disease are no 
seasonal phenomenon. In the present study, the long study period of some 3 years and the 
expected pattern, higher 25(OH)D concentrations in summer and autumn compared with 
winter and spring in all patients irrespective of disease severity, exclude a seasonal bias. 

The strong correlation between asthma severity as well as disease control (e.g. FEV1, FeNO, 
sputum eosinophils) and 25(OH)D concentrations suggests an impact of hormonal effects on 
the asthmatic inflammation or vice versa. Irrespective of the mechanisms underlying the 
association between vitamin D insufficiency and asthma several lines of evidence support a 
major role of vitamin D in asthma and the observed inverse correlation between vitamin D 
status and asthma severity and control. Airway epithelia contain high levels of the enzyme 
that converts circulating 25-OH-vitamin D3 to its active form, 1,25-OH-vitamin D3. The 
active form of vitamin D has local effects in response to respiratory infections and might 
dampen the inflammation that is the consequence of these infections [27]. Reduced vitamin D 
levels are associated with increased expression of TNF-alpha, suggesting that enhanced 
expression of this pro-inflammatory cytokine is a potential pathway by which reduced 
vitamin D levels could exert pro-inflammatory effects in asthma [28,29]. Vitamin D also has 
potentially beneficial effects on the adaptive immune system through its effects on T cells 
[30], promoting differentiation of naive T cells into IL-10–secreting regulatory T cells 
[31,32], and increasing serum levels of the immune-modulatory cytokines TGF-β and IL-10 
[32,33]. Further, recent data suggest that vitamin D interacts with glucocorticoid signaling 
pathways in ways that are clinically relevant [34], and that vitamin D may potentially 
improve glucocorticoid responsiveness in severe asthmatics by up-regulation of IL-10 
production from CD4+ cells [34]. This may be relevant even though in the present study no 
link between vitamin D status and IL-10 serum concentrations was observed. A small study 
in adults with mild or moderate persistent asthma demonstrated that lower serum vitamin D 
concentrations were associated with impaired lung function, increased airway 
hyperresponsiveness, and decreased in vitro corticosteroid response, with higher serum 
vitamin D concentrations associated with enhanced dexamethasone-induced expression of 
mitogen activated protein kinase phosphatase-1 by PBMCs in an apparently IL-10–
independent fashion [11]. Finally, a study with bronchial biopsies demonstrated an inverse 
association of vitamin D levels and airway smooth muscle mass [22]. In vitro vitamin D 
influenced airway smooth muscle remodeling by exerting an inhibitory effect on passively 
sensitized airway smooth muscle growth and contractility [35]. 

Of particular relevance is the observed inverse relationship between BMI and 25(OH)D 
levels, a finding previously reported in adults without asthma [36]. Obesity has been 
demonstrated to increase asthma risk [37], and one of the most significant effects of obesity 
in asthma relates to its association with an impaired response to glucocorticosteroids [38,39]. 
Higher vitamin D levels in adults with asthma are not only correlated with improved lung 
function and reduced bronchial hyperresponsiveness, but also with an improved in vitro 
response to glucocorticosteroids [11]. The present findings suggest that reduced 25(OH)D 
levels in overweight and obese asthma patients may contribute to the reduced 
glucocorticosteroid response in this population. 

With this as background, and irrespective of body weight it is tempting to speculate on a 
potential role of vitamin D supplementation in patients with suboptimal asthma control 
despite treatment with inhaled and systemic glucocorticosteroids, in particular in severe and / 



or uncontrolled asthma. Recent studies in children with asthma showed a significant inverse 
association between vitamin D levels and use of anti-inflammatory asthma medication (either 
ICS or leukotriene inhibitors) in the previous year, total IgE levels, and eosinophil counts 
[9,23]. Interestingly, in contrast to a similar study in childhood asthma [22] the present study 
demonstrated a strong association between vitamin D insufficiency and sputum eosinophilia 
despite treatment with inhaled and systemic corticosteroid treatment. This discrepancy is 
potentially due to the fact that these criteria define an asthma phenotype, eosinphilic asthma, 
that, if at all present, is not very prevalent in childhood asthma. This hypothesis is in line with 
the fact that eosinophilc asthma is characterized by late disease onset [40]. 

The present study has limitations: Even though there is a strong relation of asthma severity, 
asthma control and 25(OH)D level, the design of the study does not allow conclusions about 
cause or effect of vitamin D insufficiency. In contrast to controlled trials the present study 
was not based on a study protocol with in- and exclusion criteria or matched controls. As a 
consequence the study population was not homogeneous. The patients included in this study 
are typical for a large asthma referral center and may therefore not be representative of the 
overall population of patients with asthma but reflect real-life conditions. However, given the 
large overall study population it is unlikely that the results change if more patients with 
milder disease were included. More so, patients with more severe disease are potentially the 
population in which vitamin D insufficiency is most relevant. Another controversial issue is 
that regardless of the threshold used, vitamin D insufficiency has increased in industrialized 
countries over the last decades due to changes in behavior and diet [25], i.e. the observed low 
levels may be just coincidental. This fact questions the relevance of low vitamin D serum 
levels. 

In summary, the present study demonstrates for the first time that 25(OH)D levels are 
associated with clinical parameters of asthma severity and asthma control in adult patients 
with asthma. Frequency of vitamin D insufficiency is highest in patients with severe and 
uncontrolled asthma. This is even more relevant given that the risk of vitamin D insufficiency 
is significantly increased in patients on oral corticosteroids or with eosinophilic disease. 
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