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Abst rac t 
Introduction: Allergen specific immunotherapy (AIT) is the only treatment modifying the course of the disease in 
patients allergic to airborne allergens. It has been proven to be effective in allergic populations, however individual 
patients vary in terms of response to the therapy.
Aim: To assess the factors that might affect the efficacy of AIT. 
Material and methods: Patients treated with AIT for grass pollen or house dust mites were included. The efficacy 
of AIT was assessed with the use of Allergy Control Score (ACS), performed before and at least 1 year after AIT. The 
following variables were assessed as potential risk factors for a worse response to AIT: age, gender, type of allergy, 
type of allergen, type of vaccine, type of AIT and smoking history. 
Results: The study group consisted of 145 subjects. AIT was effective in the entire group; the mean ACS results 
decreased from 21.14 to 14.41 points (p < 0.0001). No differences in efficacy in terms of assessed risk factors were 
found, except for smoking history (ACS change in the smoking group was smaller: from 21.8 to 18.1 points; p = 0.09, 
OR = 0.323; 95% CI: 0.11–0.88; p = 0.02).
Conclusions: Smoking history may affect AIT outcomes.
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Introduction

Allergen specific immunotherapy (AIT) has been used 
for more than 100 years and is considered effective treat-
ment This is the only disease modifying treatment for 
allergic diseases such as allergic rhinitis and asthma, 
with efficacy proven in numerous studies including ran-
domized, double-blind placebo controlled clinical trials 
[1]. It should be emphasized that the treatment not only 
relieves typical hay fever symptoms, but also prevents 
asthma development, particularly in younger subjects 
[2]. Although generally successful, AIT might not be as 
efficient in particular patient subgroups such as smok-
ers. However, data on the influence of smoking on AIT 
are highly limited. 

Aim

The aim of the study was to assess factors that might 
affect the efficacy of AIT in patients treated for house 
dust mite or grass pollen allergies as those are two most 

prevalent airborne allergen sensitizations in Poland with 
particular focus on smoking. 

Material and methods

The study group consisted of randomly chosen pa-
tients treated with AIT for at least 1 year since the start 
of AIT in the Outpatient Department of Allergology in 
Gdansk (Poland). Patients were allergic to grass pollen or 
house dust mites, which was confirmed by either positive 
skin prick tests or specific IgE. Allergic rhinitis was con-
sidered an indication for therapy diagnosed based on se-
vere symptoms and lack of response to pharmacotherapy 
as described in ICON [3]. Atopic dermatitis and asthma 
were not considered a sole indication for treatment, how-
ever were not an excluding condition. Standard build up 
protocols were used.

For each patient the following data were recorded: 
age, gender, type of allergy (rhinitis, asthma, or both), 
type of allergen (pollen or house dust mites), type of vac-
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cine (allergen extract or allergoids), type of AIT (SCIT or 
SLIT) and smoking history. In addition, age at allergy di-
agnosis, past and current treatment and co-morbidities, 
such as hypertension, gastroesophageal reflux or hypo-
thyroidism were also noted.

To assess the efficacy of AIT, patients received two 
Allergy Control Score (ACS): concerning symptoms and 
medication before AIT and at least 1 year after the initia-
tion of AIT. Medication doses were calculated into points 
using the Reference Scoring List provided by AllergoPhar-
ma based on a non-commercial agreement [4].

The study was approved by the appropriate Bioethics 
Commission in Medical University of Gdansk. All patients 
consented to study participation.

Statistical analysis

The results were analysed using Wilcoxon’s, U Mann 
Whitney’s tests, multiple logistic regression (predictors: 
age, sex, asthma, atopic dermatitis, GERD, hypertension, 
hypothyroidism), and c2 implemented in Statistica 12 
software (Statsoft, U.S.A.). Normal distribution was not 
observed in the general population and subgroups, which 
was analysed using the Shapiro-Wilk test. 

Results

In total 145 patients were included in the study  
(67 women and 78 men). The average age was 32.6 years 
(range: 18–52 years). The average duration of entire 
treatment at the moment of assessment was 1,076 days 
(range: 366–1969). The average age of diagnosis was 
18.1 years and the mean interval between the first al-

lergy symptoms and the start of AIT was 11 years. The to-
tal number of patients reporting co-morbidities was low  
(27) with gastroesophageal reflux as the most preva-
lent (n = 9), thus statistical analysis on those subgroups 
was not performed. The majority of patients (n = 146) 
received SCIT, while 2 patients were treated with SLIT. 
Twenty eight patients reported smoking history (at least 
1 year of smoking), out of them 14 were still active smok-
ers. Allergic rhinitis was diagnosed in all patients, while 
61 (41%) suffered also from asthma. 

The mean ACS values for the studied group before 
and during immunotherapy were 21.44 and 14.41, respec-
tively (p < 0.0001). No differences in the efficacy of AIT 
in terms of assessed risk factors were found, except for 
smoking history (ACS change from 21.8 to 18.1 points; 
p = 0.09) (Figure 1). Multiple regression analysis proved 
the lower efficacy of AIT in smokers (OR = 0.31; 95% CI: 
0.12–0.83; p = 0.02). In the smoking group, 42% of pa-
tients did not report any improvement in ACS compared 
to 20% of the non-smoking studied population (p = 0.02). 

Discussion

The results support the efficacy of AIT, but at the 
same time showed that smoking history may negatively 
affect the clinical result.

Although no selection according to sex was applied, 
men prevailed in the study group. This gender difference 
has already been observed before. A study conducted in 
the United States on 102,390 American paediatric pa-
tients showed that boys were 25% more likely than girls 
to receive AIT (p < 0.0001) [5].

Figure 1. Average ACS before and after the start of SIT (ACS1 and ACS2, respectively). Subgroup analysis
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The most interesting finding was the lack of a sig-
nificant effect of AIT in patients with a smoking history. 
This observation is in line with some previous studies. In 
a randomized study on 68 children receiving AIT, it was 
found that subjects exposed to passive smoking present-
ed higher nasal eosinophilia, a poorer symptom-medica-
tion score followed by poor asthma control [6]. Analy-
sis of data from the German National Health Interview 
and Examination Survey in 1998 including 298 subjects 
that have undergone AIT revealed that conduction and 
completion was more frequent in men that have never 
smoked. This may have been due to a better clinical re-
sponse, however the study did not analyse that issue [7].

An obvious explanation for this phenomenon would 
be the influence of tobacco exposure on asthma control. 
It is known that smoking enhances asthma symptoms, 
worsens lung function and limits inhaled corticoste-
roids efficacy [8]. However, in this study only half of 
patients with smoking history were asthmatics. Data 
regarding the influence of smoking on IgE-mediated 
allergies and AIT are limited and some studies do not 
confirm the above findings. In a study of 163 patients 
on SLIT due to allergic rhinitis, no significant difference 
was observed in the quality of life of smokers and non-
smokers. A study on 99 children receiving SCIT also did 
not reveal an impact of passive smoking [9, 10]. The 
influence of smoking on allergic rhinitis is still unclear. 
In epidemiological studies, smoking is commonly con-
sidered a significant risk factor for allergic rhinitis [11]. 
However, a cohort questionnaire study conducted in 
Sweden on 27,879 subjects revealed that smoking was 
related to a higher prevalence of chronic non-allergic 
rhinitis and lower prevalence of allergic rhinitis. This 
observation was confirmed in male participants only 
[12]. Furthermore, a study by Bousquet et al. on 1,444 
subjects including 20.8% of smokers and 10.9% of ex-
smokers showed that smoking did not affect allergic 
rhinitis. There appeared to be no significant differences 
in subgroups according to severity of nasal symptoms 
and results on the Rhinoconjunctivitis Quality of Life 
Questionnaire evaluation [13]. On the other hand, 
a prospective study on 81 children with allergic rhinitis 
showed a tendency toward increased nasal obstruction 
on the Visual Analog Scale in subjects exposed to pas-
sive smoking. In this case, the smoking exposure was 
determined by measuring the urinary cotinine/creati-
nine ratio [14].

Smoking also has an interesting, though disput-
able impact on allergen sensitization. Several studies 
revealed that smokers were less likely to develop posi-
tive skin prick tests and/or specific IgE during follow-ups 
for several years [15]. The authors usually regard these 
observations to be a result of the immunosuppressive 
mechanism of smoking. These findings are in contrast 
to epidemiological studies that highlighted smoking as 
a risk factor for allergy and asthma [16]. Finally, a study 

on 2,714 children and adolescents showed that active 
and passive smoking increased the risk of rhinitis but 
decreased the risk of allergen sensitization [17]. Still, the 
impact of smoking on allergy development needs to be 
further investigated.

An additional explanation to the main finding of our 
study may include the psychological issues observed in 
smokers. A study conducted in Central Europe on 359 
patients treated for hypertension showed that smokers 
had significantly lower compliance [18]. In addition, in 
234 patients with periodontitis, smokers’ lack of com-
pliance was assessed at 42% compared to 31% in non-
smokers [19]. Finally, a study on 47 patients using a con-
tinuous positive airway pressure device as a treatment 
for obstructive sleep apnoea syndrome (OSAS) showed 
that active smokers had significantly lower device usage 
compliance [20].

Finally, several weak points of the study should be 
mentioned, including the subjective method of assessing 
the efficacy of AIT. Moreover, the study is a one-centred, 
small analysis; therefore all findings warrant further con-
firmation. 

Conclusions

Smoking is negatively associated with AIT.
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