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A B S T R A C T   

Aim: To study if individuals with nocturnal gastroesophageal reflux (nGER) and habitual snoring are more likely 
to develop asthma and respiratory symptoms (i.e. wheeze, cough, chest tightness, breathlessness) than those 
without these conditions, and if these associations are additive. 
Methods: We used data from the population-based prospective questionnaire study Respiratory Health in 
Northern Europe (RHINE) (11,024 participants), with data from 1999 and 2011. Participants with heartburn or 
belching after going to bed, at least 1 night/week, were considered to have nGER. Participants reporting loud 
snoring at least 3 nights/week were considered to have habitual snoring. Participants were grouped into four 
groups by their nGER and snoring status: “never”; “former”; “incident”; “persistent”. Incident respiratory 
symptoms were analyzed among participants without respective symptom at baseline. 
Results: Snoring and nGER were independently associated with incident asthma and respiratory symptoms. The 
risk of incident wheeze was increased in subjects with incident or persistent snoring (adjusted odds ratio (95 % 
CI): 1.44 (1.21–1.72)), nGER (2.18 (1.60–2.98)) and in those with both snoring and nGER (2.59 (1.83–3.65)). 
The risk of developing asthma was increased in subjects with incident or persistent snoring (1.44 (1.15–1.82)), 
nGER (1.99 (1.35–2.93)) and in those with both snoring and nGER (1.72 (1.06–2.77)). No significant interaction 
was found between snoring and nGER. A similar pattern was found for the incidence of all other respiratory 
symptoms studied, with the highest risk among those with both incident or persistent nGER and snoring. 
Conclusion: The risk of developing asthma and respiratory symptoms is increased among subjects with nGER and 
habitual snoring. These associations are independent of each other and confounding factors. Snoring and nGER 
together are additive on respiratory symptoms.   
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1. Introduction 

Nocturnal gastroesophageal reflux (nGER) is a common condition in 
modern society, with heartburn as the most common symptom [1]. An 
association between nGER and respiratory symptoms has been shown in 
several previous studies [2–4], and several clinical trials have shown 
that antireflux therapy leads to improvement of asthma symptoms, but 
with only minimal or no significant effect on lung function [5,6]. 

Habitual snoring is more prevalent in men than women [3,7]. The 
prevalence of habitual snoring among middle aged Swedish men has 
been estimated to be approximately 15,5% [8]. Snoring is a hallmark 
symptom of diseases such as obstructive sleep apnea (OSA), and in
dividuals suffering from anatomical abnormalities such as large tongue, 
enlarged tonsils and large fat deposits around the neck area are at higher 
risk for snoring [9,10]. Snoring and nGER share several common risk 
factors, most importantly obesity [11,12], and snoring has similar to 
nGER been associated with asthma and respiratory symptoms [13,14]. A 
previous cross-sectional study showed that patients with both nGER and 
snoring had a positive association with respiratory symptoms compared 
to patients without nGER and snoring [15]. Otherwise, relatively little 
has been published on the association between these three conditions, 
snoring, nGER and respiratory symptoms, and especially longitudinal 
studies are lacking. Specifically, no previous study has looked at the 
incidence of respiratory symptoms by nGER and snoring combined, to 
evaluate potential causal association. 

Recent studies have highlighted that respiratory symptoms by 
themselves, even in the absence of known respiratory disease, are 
associated with higher morbidity and mortality [16,17]. It is therefore of 
importance to study specifically risk factors for the development of 
respiratory symptoms, irrespective of concomitant respiratory disease. 

The aim of this study is to investigate whether nGER and snoring are 
independent risk factors for developing asthma and respiratory symp
toms (wheezing, productive cough, nocturnal chest tightness, nocturnal 
breathlessness and nocturnal cough). A secondary aim was to study 
whether subjects that have both nGER and snoring are more likely to 
develop asthma and respiratory symptoms than those who have neither 
or only one of these conditions. 

2. Method and material 

In 1999, a questionnaire was sent to randomly selected subjects in 
Uppsala, Umeå and Gothenburg (Sweden), Reykjavik (Iceland), Aarhus 
(Denmark), Bergen (Norway) and Tartu (Estonia), within the study 
Respiratory Health in Northern Europe (RHINE II) (15,760 responders, 
age 25–54 years), as previously described [18,19]. Twelve years later, a 
follow-up questionnaire (RHINE III) was sent to all participating subjects 
in RHINE II, whereof 12,878 answered (82 % response rate). The 
questionnaires included identical questions about airways symptoms, 
heartburn after going to bed, sleep and daytime symptoms, smoking, 
medication use and other health related issues, such as BMI (body mass 
index). 

2.1. Nocturnal gastroesophageal reflux and snoring 

The same definition of nGER and snoring was used at baseline and 
follow-up. The subjects were asked to estimate the frequency of nGER 
and snoring symptoms on the following 5-point scale: 1, never or almost 
never; 2, less than once a week; 3, once or twice a week; 4, 3–5 nights/ 
days a week; and 5 almost every day or night. 

Subjects were considered to have nGER if they reported having 
occurrence of heartburn or belching after going to bed, at least 1 night 
per week in the last months. 

The definition of snoring was based on a positive reply to the ques
tion, “do you snore loudly and disturbingly”. Subjects responding at 
least 3 nights a week in the last months were considered to have habitual 
snoring. 

Based on answers to these questions at baseline and follow-up, re
spondents were grouped into four groups by their nGER and snoring 
status: “never”; “former”; “incident” and “persistent”. 

2.2. Asthma and respiratory symptoms 

The participants were defined as having asthma if they had reported 
an asthma attack in the previous 12 months and/or currently using 
asthma medication. Respiratory symptoms included yes/no-questions 
for various symptoms during the previous 12 months, namely: 
wheezing or whistling in the chest, wheezing without having a cold, 
breathless with wheezing, productive cough, nocturnal chest tightness, 
nocturnal shortness of breath and nocturnal cough. 

Participants that reported asthma or respiratory symptoms at follow- 
up but not at baseline were defined as having incident of asthma or 
respiratory symptoms, respectively. Incidence was analyzed among 
participants without asthma or respective symptom at baseline. 

2.3. Definition of smoking 

Respondents were grouped as never smokers, ex-smokers and cur
rent smokers, on the basis of their answers regarding to tobacco use at 
baseline. 

2.4. Body mass index 

Each subject reported weight in kilograms and height in meter at 
both baseline and follow-up questionnaires. Body mass index (kg/m2) 
was calculated from these answers. 

2.5. Statistical analysis 

All statistics were calculated using STATA 14.1 software. To analyse 
differences between the study groups both at baseline and follow-up, the 
χ2 test was used for categorical variables. When studying incident 
asthma or respiratory symptoms, participants reporting asthma or the 
respective respiratory symptom at baseline were excluded from each 
separate analysis. 

Multilevel mixed-effects logistic regression models were used for 
adjusted analysis, with center as a random factor. A directed acyclic 
graph (DAG) was used to decide which variables to adjust for in the 
multivariate logistic regression analysis, which identified the factors 
age, sex, BMI, change in BMI from baseline to follow-up, smoking status, 
and center. We then evaluated if BMI and age were linearly or non- 
linearly associated with incident asthma or respiratory symptoms 
using splines, to inform further analysis steps (exemplified in Figs. S2 
and S3 for incident asthma). Collectively, the analysis found evidence of 
a linear relationship. 

First, we performed the regression analysis including both nGER and 
snoring as independent factors in the same model while adjusting for 
confounding factors. Second, we performed a regression analysis with a 
new group classification of four groups (1: Those without nGER or 
snoring at follow-up; 2: Those with incident or persistent snoring only; 3: 
Those with incident or persistent nGER only; 4: Those with incident or 
persistent snoring and nGER) and used as independent factor to analyse 
the additive associations of snoring and nGER combined. Lastly we 
performed interaction analyses using the same setup of regression 
models with an interaction between 1) snoring and nGER, 2) snoring/ 
nGER status and BMI, 3) snoring/nGER status and age. As a sensitivity 
analysis, we performed the same multilevel mixed-effects logistic 
regression models as described above, stratified by BMI subgroups (BMI 
groups <20, 20–25, 25–30, 30+). 

A p-value of <0.05 was considered statistically significant. 
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3. Results 

3.1. Study population and baseline characteristics 

Data on nGER and snoring at both time points was available for 
10,424 subjects. Persistent snoring was most common among partici
pants with persistent nGER (Fig. 1). 

The baseline characteristics of the participants by their reflux and 
snoring status are presented in Table 1. Subjects with persistent nGER 
had a higher BMI, were more often smokers and were more likely to 
have hypertension, but no significant differences were found regarding 
sex and age. Subjects with persistent snoring were more often male, had 
higher BMI, were more often smokers and were more likely to have 
hypertension (Table 1). 

3.2. Follow-up analysis 

Regarding nGER, incident asthma was most common among subjects 
with incident of nGER, whereas incident of all respiratory symptoms 
were most common among those with persistent nGER (Table S1). 

Regarding snoring, incident asthma was similarly common in pre
vious, incident and persistent snorers, and in all groups more common 
than among never snorers. The incident of all studied respiratory 
symptoms was most common among those with incident and persistent 
snoring status (Table S1). 

When analyzing both nGER and snoring combined, incident of a) 
chest tightness, b) wheeze, c) productive cough and d) nocturnal cough 
were highest in those that had both incident or persistent nGER and 
snoring (Fig. 2). A similar pattern was found for other respiratory 
symptoms (data not shown). 

3.3. Multiple logistic regression analysis of incident asthma and 
respiratory symptoms 

After adjusting for confounding factors, (sex, age, BMI and smoking) 
incident asthma was significantly more common among subjects with 
incident nGER and incident snoring, than subjects without nGER or 
snoring at both visits, respectively. 

When nGER and snoring status were analyzed as separate traits in the 
same regression model, both incident and persistent nGER and snoring 
were found to be associated with incident asthma, and all studied res
piratory symptoms, independently of each other (Table 2). Interaction 
analysis did not find a significant interaction between nGER and snoring 
in this context (data not shown). 

Subjects with both incident or persistent nGER and snoring had the 
strongest association to onset of all studied respiratory symptoms, 
whereas for onset of asthma the group with incident or persistent nGER 
had the highest risk, followed by those with both incident or persistent 

nGER and snoring (Table 3, Supplementary Fig. S1). Interaction ana
lyses were then performed to evaluate whether these associations 
differed by BMI or age groups, but did not find evidence of effect 
modification from BMI or age. A sensitivity analysis stratifying by 
different BMI levels did not show any pattern of differences by sub
groups (data not shown). 

4. Discussion 

The main result of this longitudinal study is that incident and 
persistent nocturnal gastroesophageal reflux and snoring are indepen
dently associated with a higher incidence of asthma and respiratory 
symptoms (wheezing, productive cough, nocturnal chest tightness, 
nocturnal breathlessness and nocturnal cough). The present study also 
indicated that subjects with both nGER and snoring are at increased risk 
of developing respiratory symptoms. 

Our results demonstrate that subjects with incident nGER were twice 
as likely to develop asthma compared to those without nGER. The reason 
why persistent nGER did not significantly associate with increased 
incident asthma is unclear and somewhat surprising. This contrasts the 
association of incident and persistent nGER with more respiratory 
symptoms, such as wheezing, nocturnal shortness of breath and cough, 
compared to participants without nGER. After adjusting for confounding 
factors, the results remained significant. Importantly, this association 
was not explained by concomitant snoring. The results of this study 
support previous studies that have reported an association of nGER with 
asthma and various respiratory symptoms [1,3,15]. 

Several studies have linked snoring to the development of asthma 
and respiratory symptoms [13,20,21]. In accordance with previous 
studies, we found that subjects with incident and persistent snoring had 
a higher risk of developing respiratory symptoms. After adjusting for 
confounding factors, incident asthma was associated with incident and 
persistent snoring, compared to those without snoring, with a slightly 
stronger association to new snoring. 

The clinical implications of our results are first that individuals with 
both nGER and snoring need to be evaluated and monitored for respi
ratory symptoms, in light of their increased incidence of respiratory 
symptoms. Second, together with findings from other studies, our data 
support that both nGER and snoring may be independently associated 
with respiratory symptoms. Both nGER and snoring should therefore be 
evaluated among individuals with respiratory symptoms, and treated 
accordingly. Ultimately, further studies need to evaluate if treating 
nGER and snoring can decrease the risk of subsequent development of 
respiratory symptoms. 

Different theories have been proposed to explain how nGER may 
cause respiratory symptoms. One is the reflux theory, which proposes 
that hyperresponsiveness, airway obstruction and tissue injury may 
appear due to recurrent microaspirations of gastric contents into the 

Fig. 1. Bar chart showing the prevalence between snoring and nGER in the study population.  
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lungs. Another one, the vagal theory, proposes that airway obstruction 
may occur due to stimulation of the vagus nerve in the distal esophagus 
during reflux episodes [22–25]. On the other hand, some studies have 
suggested asthma as a causative factor for developing GERD. Asthma 
can lead to a pressure difference between intrathoracic and intra
abdominal space and cause regurgitation of acidic stomach contents 
through the lower esophageal sphincter. Furthermore, some groups of 
asthma medication lead to relaxation of the lower esophageal sphincter, 
allowing leakage of the acidic gastric contents into the esophagus which 
causes more reflux symptoms [26,27]. 

Snoring has been thought to cause respiratory symptoms in part 
through nGER and micro-aspirations. However, as we found a moder
ately strong association between snoring and respiratory symptoms, 
independent of nGER, there are likely other mechanisms implicated as 
well. Possible shared direct mechanistic links are low-grade inflamma
tion, nerve reflex and intermittent hypoxia. Snoring is associated with 
local inflammation and chronic upper airway edema, which contribute 
to trigger or exacerbate asthma and respiratory symptoms [28,29]. In 
addition, there is evidence that when snoring is successfully treated, it 
may also lead to improvement of both respiratory symptoms and asthma 

Table 1 
Characteristics of participants by reflux and snoring groups (RHINE II) by nGER or snoring status over 10 years. 
Data are given as mean ± standard deviation (SD) or n (%). P-values calculated by chi-square test or anova as appropriate, for comparison between all groups. BMI, 
body mass index; nGER, nocturnal gastroesophageal reflux.   

Never 
nGER (n¼
9701) 

Former 
nGER (n¼
528) 

Incident 
nGER (n¼
548) 

Persistent 
nGER (n¼
247) 

P-value Never 
snoring (n¼
7321) 

Former 
snoring (n¼
703) 

Incident 
snoring (n¼
1359) 

Persistent 
snoring (n¼
1200) 

P-value 

Male 4409 
(45.5) 

265 (50.2) 252 (46.0) 117 (47.4) 0.19 2867 (39.2) 439 (62.5) 743 (54.7) 843 (70.3) <0.001 

Age (years) 39.9 ± 7.3 40.9 ± 7.2 40.7 ± 7.1 41.9 ± 7.0 0.83 39.3 ± 7.3 42.5 ± 7.2 40.2 ± 6.7 41.9 ± 6.9 <0.001 
BMI (kg/m2) 24.5 ± 4 26.3 ± 4.4 25.2 ± 4.1 26.9 ± 4.5 <0.001 24.0 ± 3.7 26.7 ± 5.1 25.3 ± 3.9 26.9 ± 4.3 <0.001 

Smoking:     <0.001     <0.001 
Never 4652 

(48.8) 
198 (38.5) 236 (43.7) 94 (38.7)  3679 (51.2) 261 (38.2) 605 (45.3) 419 (35.3)  

Ex- smoker 2491 
(26.1) 

157 (30.5) 144 (26.3) 62 (25.5)  1854 (25.8) 199 (29.1) 342 (25.6) 349 (29.4)  

Current 
smoker 

2393 
(25.1) 

160 (31.1) 160 (29.6) 87 (35.8)  1660 (23.1) 224 (32.8) 388 (29.1) 418 (35.2)  

Hypertension 580 (6.1) 67 (12.9) 41 (7.6) 39 (16.5) <0.001 390 (5.4) 80 (11.6) 86 (6.4) 154 (13.1) <0.001 
Diabetes 129 (1.3) 6 (1.1) 10 (1.8) 4 (1.6) 0.73 83 (1.1) 16 (2.3) 22 (1.6) 25 (2.1) 0.006  

Fig. 2. 3D column chart showing incident of chest tightness, wheeze, productive cough and nocturnal cough by snoring and nGER status. Scales differ be
tween graphs. 
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[21,30–32]. 
Snoring, nGER and respiratory symptoms are all associated with 

obesity, and therefore, special attention needed to be given to potential 
modifying effects of BMI. As we could not find evidence of any inter
action between snoring/nGER status and BMI in their relation to inci
dent respiratory symptoms or incident asthma, we interpret that the 
association of snoring/nGER status with incident respiratory symptoms 
or asthma is not explained by obesity. The same was true for age dif
ferences at baseline, which did not have any effect modification on these 
associations. 

The major strength of our study is the large population size and the 
long follow up time. The present study also included participants from 
several different countries in Northern Europe. The major limitation of 
our study is that it is solely based on self-reported data which may cause 
measurement bias. Validation with studies using objective measures are 
therefore warranted. For example, BMI was calculated from self- 
reported height and weight and bias in self-reported information can 
cause measurement error. In the National Health and Nutrition Exami
nation Survey (NHANES), overestimation of body height and underes
timation of body weight was found to increase by increasing age (>60 
years old) [33]. However, in our study, participants were 30–50 years, 
an interval where self-reported calculated BMI can be used, according to 
the NHANES study. Additionally, we assume that the potential 
misclassification should be non-differential between the study groups. 
Another limitation that should be addressed regarding this study, is the 
lack of more frequent measuring data. Although our study has an 
extensive follow up time, data was collected only at two occasion, 

baseline and follow-up. Further studies would benefit from more 
frequent measurements to better evaluate temporal associations. Also, 
as this cohort was relatively young at baseline and no spirometry was 
performed, we could not evaluate potential modifying effects from 
chronic obstructive pulmonary disease (COPD). However, adjusting for 
smoking status (as done in this analysis) arguably adjusts for 
COPD-related effects. 

In conclusion, this study found that subjects with both nGER and 
habitual snoring had a higher risk of developing respiratory symptoms 
(wheezing, productive cough, nocturnal chest tightness, nocturnal 
breathlessness and nocturnal cough), than subjects with only nGER or 
habitual snoring. Having either nGER or habitual snoring was also 
independently associated with the development of respiratory symp
toms. There is a need to better understand the impact and interactions of 
nGER and snoring in their association with respiratory symptoms. For 
the clinician, special consideration should be given to patients with both 
nGER and snoring, since prevalence and incidence of respiratory 
symptoms is higher in these patients. 
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influence of active and passive smoking on habitual snoring, Am. J. Respir. Crit. 
Care Med. 170 (7) (2004 Oct 1) 799–803. 

[8] T. Gislason, M. Almqvist, G. Eriksson, A. Taube, G. Boman, Prevalence of sleep 
apnea syndrome among Swedish men–an epidemiological study, J. Clin. 
Epidemiol. 41 (6) (1988) 571–576. 

[9] B.A. Stuck, B. Hofauer, The diagnosis and treatment of snoring in adults, Dtsch 
Arztebl Int 116 (48) (2019 Nov 29) 817–824. 

[10] M.S. Urschitz, A. Guenther, S. Eitner, P.M. Urschitz-Duprat, M. Schlaud, O. 
S. Ipsiroglu, et al., Risk factors and natural history of habitual snoring, Chest 126 
(3) (2004 Sep) 790–800. 

[11] B.C. Jacobson, S.C. Somers, C.S. Fuchs, C.P. Kelly, C.A. Camargo, Body-mass index 
and symptoms of gastroesophageal reflux in women, N. Engl. J. Med. 354 (22) 
(2006 Jun 1) 2340–2348. 

[12] D. Teculescu, B. Hannhart, C. Aubry, B. Montaut-Verient, J.M. Virion, J. 
P. Michaely, et al., Who are the “occasional” snorers? Chest 122 (2) (2002 Aug) 
562–568. 

[13] L.G. Larsson, A. Lindberg, K.A. Franklin, B. Lundbäck, Symptoms related to 
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