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ABSTRACT

Objective: Daytime sleepiness is common in women and has negative health effects. Nocturnal gastro-
esophageal reflux (nGER) and snoring are risk factors for daytime sleepiness, but the effect of their
interaction remains unknown. The aim of this study was to examine how nGER and snoring combined
affected daytime sleepiness and involuntary falling asleep in women.
Methods: A questionnaire was sent to randomly selected women in 2000 and 2010. Participants who
answered questions regarding both nGER and snoring in both questionnaires were included (N = 4882).
Daytime sleepiness was defined as severe or very severe problems with daytime sleepiness. Involuntary
falling asleep was defined as sometimes, often or very often falling asleep involuntarily during the day.
Respondents snoring loudly and disturbingly sometimes, often or very often were defined as snorers.
Having nocturnal heartburn or acid reflux sometimes, often or very often was defined as having nGER.
Results: Daytime sleepiness was reported by 14% of the participants, involuntary falling asleep by 11%.
After adjustment for age, smoking, physical activity, caffeine intake and alcohol dependency, increased
odd ratios (ORs) for both daytime sleepiness (adjusted OR 4.2, 95% confidence interval (CI): 1.9-9.2) and
involuntary falling asleep (adjusted OR 3.1, 95% CI: 1.5—6.4) were seen in women with the combination of
nGER and snoring at both baseline and follow-up. The association with daytime sleepiness was also
strong for those with only persistent nGER but not for those with only persistent snoring.
Conclusion: Women with nGER were at increased risk of developing daytime sleepiness and snoring
augmented this association. In addition, women with both nGER and snoring were also at increased risk
of developing involuntary falling asleep.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

[23], cognitive decline and dementia [24,25] and poor performance
in the workplace [26].

Daytime sleepiness is a challenge in modern society, afflicting as
many as 5—10% of adults [1—7]. It is more common in women than
in men [8—11] and has a negative impact on various aspects of life,
including an association with diabetes [12], hypertension [13], ac-
cidents [14—18], coronary heart disease, stroke [19] and cardio-
vascular mortality [20]. Daytime sleepiness is also associated with
obesity, independent of sleep apnea [12,21,22]. Furthermore, there
is an association with an increased risk of subsequent depression
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Of adults, 7—23% [27,28] are snorers and, although snoring is
considered to be one of the cardinal symptoms of obstructive sleep
apnea, the majority of snorers do not fulfill the diagnostic criteria for
obstructive sleep apnea [29]. Moreover, snoring is a predictor of
daytime sleepiness, independent of obstructive sleep apnea [30—32].
Gastroesophageal reflux, and nocturnal symptoms of reflux in
particular, are associated with both poor quality of sleep [33—38] and
daytime sleepiness [39,40]. Gastroesophageal reflux is reported by
10—20% [41] of the population and a significant proportion of them
have nocturnal symptoms of gastroesophageal reflux [42,43].

Apart from daytime sleepiness, snoring and nocturnal gastro-
esophageal reflux (nGER) share common lifestyle factors as risk
factors, which may explain some parts of the described in-
teractions. For example, both are associated with obesity [44—46].
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However, both snoring [30—32] and nGER are associated with
daytime sleepiness after adjusting for obesity [47], indicating that
obesity is not the only explanatory factor. Other lifestyle factors
may also affect daytime sleepiness, gastroesophageal reflux and
snoring. Alcohol exacerbates gastroesophageal reflux [48], snoring
and daytime sleepiness [49], while moderate exercise protects from
reflux [50] and lessens daytime sleepiness [51]. There is also a
stronger association between symptoms of obstructive sleep apnea
and nGER among women than men [47].

The combination of snoring and nGER is of special interest in the
context of daytime sleepiness. Snoring is indicative of an increased
upper-airway resistance and, to maintain ventilation, there is a
compensatory increase in respiratory effort. The increased effort
may lead to arousals and sleep fragmentation and daytime sleepi-
ness. The repetitive increase in nocturnal respiratory effort [52]
may provoke or exacerbate nGER. In turn, nGER is associated
with airway irritation and micro-aspirations [53], which could
cause impaired sleep quality. In theory, these micro-aspirations
might be more pronounced among snorers due to subclinical ab-
normalities in swallowing [54| caused by vibration trauma to the
pharyngeal tissues [55]. It is therefore possible that having nGER
and snoring combined, leads to more severe daytime sleepiness.

Understanding the impact and interactions of these two con-
ditions associated with daytime sleepiness may help guide physi-
cians in the investigation and treatment of patients with daytime
sleepiness, thereby decreasing its negative impact on everyday life
and health. The aim of this study was to examine how the combi-
nation of nGER and snoring affects daytime sleepiness and invol-
untary falling asleep in women.

2. Methods
2.1. Population

The population-based, prospective Sleep and Health in Women
(SHE study) was initiated in 2000, when a questionnaire was sent
to randomly selected women over the age of 20 years in the Mu-
nicipality of Uppsala, Sweden. The baseline questionnaire was
completed by 7051 participants, yielding a response rate of 71.6%
[1,28,56]. Ten years later, a follow-up questionnaire was sent to the
6455 women who were alive and still living in Sweden. The follow-
up questionnaire was answered by 5193 women (response rate
80.5%). The study cohort consists of the participants who answered
the questions regarding nGER and snoring at both baseline and
follow-up. The informed consent of all participants was obtained,
and the study was approved by the Ethics Committee at the Med-
ical Faculty at Uppsala University (Dnr 2009/379).

2.2. Questionnaire

Both questionnaires included identical questions about snoring,
nGER and all the other variables included in this study.

2.2.1. Snoring and nGER

Snoring was assessed by the question “How often do you snore
loudly and disturbingly?”. The response options were: never (1),
rarely (2), sometimes (3), often (4) and very often (5). Participants
scoring 3—5 were considered habitual snorers [56].

nGER was assessed by the question “How often do you have
heartburn or acid reflux after going to bed?”. The same five-point
scale as for snoring was used (never—very often). Participants
with a score of 3—5 on the nGER question were considered to have
nGER.

Based on the responses to the questions on nGER and snoring,
participants were further categorized into ‘no nGER or snoring’

(controls), ‘nGER only,” ‘snoring only’ or ‘nGER and snoring’. Sub-
jects reporting nGER and/or snoring at both baseline and follow-up
were categorized as ‘persistent nGER, ‘persistent snoring’ or
‘persistent nGER and snoring,” respectively.

2.2.2. Sleepiness

The outcome variable of sleepiness was assessed by two
different variables measuring problems with sleepiness during the
daytime (daytime sleepiness) and an inability to stay awake
(involuntary falling asleep), respectively. Regarding daytime
sleepiness, the participants were asked “How severe are your
problems with daytime sleepiness?” The severity of their problems
was assessed using a five-point scale ranging from none (1), small
(2), moderate (3) and severe (4) to very severe (5). Scores of 4 or 5 to
the questions were defined as the participant having daytime
sleepiness [57]. In the same manner, involuntary falling asleep was
assessed by the question “How often do you involuntarily fall
asleep during the day, for example, during a pause at work?”. The
corresponding responses were never (1), rarely (2), sometimes (3),
often (4) and very often (5). Scores of 3—5 were defined as suffering
from involuntary falling asleep [58].

Subjects that reported daytime sleepiness or involuntary falling
asleep at follow-up but not at baseline were categorized as having
‘new daytime sleepiness’ and ‘new involuntary falling asleep,’
respectively.

2.2.3. Covariates

Self-reported weight and height were used to calculate body
mass index (BMI) by dividing the weight in kg by the height in
meters squared.

Depending on their physical activity during leisure time, par-
ticipants were categorized into three groups; low, medium and
high levels. A low level of physical activity was assigned to partic-
ipants spending most of their leisure time in sedentary activities
such as reading or watching television. The medium group was
assigned if participants reported physical activity such as cycling or
walking for at least 4 h a week. The group with a high level of
physical activity comprised participants participating in activities
such as swimming or running for at least 3 h a week or more
vigorous activities on a weekly basis [56,59].

The question “How many cups of coffee or tea do you consume
every day?” was used to estimate the participants’ caffeine intake
and they were subsequently categorized into the groups; O cups/
day, 1-2 cups/day and >3 cups/day.

Participants were also categorized as ‘never smokers,’ ‘former
smokers’ and ‘smokers,’ based on their answers regarding tobacco
use at baseline. Moreover, they were categorized as alcohol
dependent or non-alcohol dependent using the Cutting down,
Annoyance by criticism, Guilty feeling, and Eye openers (CAGE)
questionnaire. The CAGE questions from baseline were used: “Have
you tried to cut down on your drinking?”, “Have people annoyed
you by criticizing your drinking?”, “Have you ever felt guilty about
your drinking?”, “Have you ever had a drink first thing in the
morning after drinking, as an eye-opener?”. Two or more affirma-
tive answers were defined as alcohol dependency [60,61].

Data on age, smoking, physical activity, caffeine intake, alcohol
dependency and medication were retrieved from the baseline
questionnaire. BMI was based on data from the baseline ques-
tionnaire, but the difference in BMI between 2000 and 2010 (ABMI)
was also used in the calculations.

2.3. Statistical analysis

Statistical analyses were performed using Stata 12.1 (StataCorp
LP, College Station, TX, USA). The results are presented as adjusted
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odds ratios (ORs) with 95% confidence intervals (95% CI). p-Values
of <0.05 were considered statistically significant.

The chi-squared test was used to analyze differences in cate-
gorical variables between the study groups at baseline, while the
analysis of variance (ANOVA) test was used for comparisons of
continuous values. Multiple logistic regression analyses were per-
formed for both baseline and follow-up data and adjusted for the
following baseline variables: age, smoking status, BMI, intake of
beverages containing caffeine during the day, alcohol dependency
and physical activity during leisure time, and also for ABML.

3. Results
3.1. Study population and baseline characteristics

The total study population comprised 4882 women. At baseline,
1003 (20.5%) of the participants reported snoring only, 376 (7.7%)
reported nGER only and 229 (4.7%) reported both snoring and
nGER. Daytime sleepiness was reported by 677 (14%) of the par-
ticipants and 534 (11%) reported involuntary falling asleep. There
was some overlap between daytime sleepiness and involuntary
falling asleep; 28.3% of those reporting daytime sleepiness also
reported involuntary falling asleep and 40.0% of those reporting
involuntary falling asleep also reported daytime sleepiness.

The women with both nGER and snoring at baseline were older,
had a higher BMI, were more often smokers and had a lower level of
physical activity than the other groups. They also reported most
daytime sleepiness and involuntary falling asleep. The group with
nGER only had the highest prevalence of alcohol dependency. At
baseline, daytime sleepiness and involuntary falling asleep were
more associated with nGER than snoring (Table 1).

3.2. Multiple logistic regression analysis at baseline

At baseline, after adjustment for age, BMI, smoking status,
alcohol dependency, caffeine intake and physical activity, partici-
pants reporting nGER only had increased ORs for daytime sleepi-
ness and involuntary falling asleep compared to subjects with no
nGER or snoring. Those reporting snoring only had increased ORs
for daytime sleepiness but not involuntary falling asleep compared
to those with no nGER or snoring. The combination of nGER and
snoring had the highest impact on the OR for daytime sleepiness
(2.9; 95% CI 2.0—4.2) and involuntary falling asleep (2.1; 95% CI
1.4—3.1) (Table 2).

3.3. Follow-up characteristics and symptoms over time

Of those with no nGER or snoring at baseline, 76% did not report
any of these problems at follow-up either. Altogether, 47% of par-
ticipants with only snoring had persistent problems. Of those with
only nGER, 31% had persistent problems and 32% of those with the
combination of nGER and snoring reported still having both prob-
lems at follow-up.

Of the whole population, 2.2% reported nGER only at both
baseline and follow-up and the corresponding prevalence for
snoring only was 1.6%, while 1.8% reported the combination of
nGER and snoring and 51.2% had no symptoms of nGER or snoring,
either at baseline or at follow-up.

Among the 3796 participants without daytime sleepiness and
involuntary falling asleep at baseline, 2960 women answered
questions regarding daytime sleepiness and falling asleep at

Table 2
Results from multiple logistic regression at baseline for associations with daytime
sleepiness and involuntary falling asleep.

Daytime sleepiness Involuntary falling asleep

OR  95%Cl p OR  95%Cl p
No nGER or snoring 1.0 1.0
nGER only 19 14-26 <0001 14 1.0-19 0.012
Snoring only 1.3 11-1.7 0.014 1.2 1.0-16 0.084
nGER and snoring 29 20-42 <0.001 21 14-3.1 <0.001
Age (baseline) 07 0.7-08 <0.001 10 10-1.1 0.883
BMI (baseline) 1.0 1.0-1.0 0356 1.0 1.0-1.0 0.145

Smoking status 1.1 1.0-1.2  0.011 0.9
Never smoker 1.0 1.0

0.8—1.0  0.005

Former smoker 1.1 0.8—1.3 0.591 0.8 0.6—0.8 0.046

Current smoker 14 1.1-1.8 0.005 09 07-1.2 0.474
Alcohol dependency 1.5 1.1-2.1 0.005 14 1.0-19 0.09
Caffeine

0 1.0 1.0

1-2 cups 0.8 05-1.1 0.198 09 06-13 0453

3 or more cups 0.8 05-1.1 0.172 0.7 05-1.1 0.131
Physical activity

High 1.0 1.0

Medium 1.5 1.2-18 0.002 09 07-12 0423

Low 20 15-26 <0.001 09 0.7-13 0.607

The results are presented as odds ratio (OR) and 95% confidence interval (CI) after
adjusting for age, body mass index (BMI), smoking, alcohol dependency, caffeine
intake and level of physical activity. nGER, nocturnal gastroesophageal reflux. For
age, OR is calculated for an increase of 10 years.

Table 1
Baseline characteristics of the cohort.
All subjects No nGER, no snoring nGER only Snoring only nGER and snoring p
N = 4882 N = 3253 N =376 N = 1003 N =229
Age 424 + 149 39.7 + 145 42.6 + 15.9 49.1 + 133 504 + 12.9 <0.001
BMI 239+39 23.1+35 246 + 4.1 255+ 43 271 +4.7 <0.001
Smoking status
Never smoker 2995 (61.6%) 2157 (66.2%) 210 (55.9%) 519 (52.0%) 109 (48.0%)
Former smoker 1098 (22.6%) 687 (21.1.2%) 84 (22.3%) 264 (26.5%) 63 (27.8%) <0.001
Smoker 767 (15.8%) 415 (12.7%) 82 (21.9%) 215 (21.2%) 55 (24.2%)
Alcohol dependency 300 (6.0%) 190 (6.0%) 43 (11.9%) 49 (5.0%) 18 (8.3%) <0.001
Caffeine intake
0 cups 238 (4.9%) 181 (5.6%) 25 (6.7%) 25 (2.5%) 7 (3.1%)
1-2 cups 1342 (27.7%) 972 (30.0%) 107 (28.5%) 212 (21.2%) 51 (22.6%) <0.001
>3 cups 3258 (67.3%) 2084 (64%) 244 (64.9%) 762 (76.3%) 168 (74.3%)
Physical activity
Low 757 (15.4%) 419 (12.9%) 84 (22.7%) 176 (17.6%) 68 (30.4%)
Medium 3047 (62.8%) 2019 (62.0%) 232 (62.7%) 660 (66.1%) 136 (60.1%) <0.001
High 1056 (21.8%) 819 (25.2%) 54 (14.6%) 163 (16.3%) 20 (8.9%)
Daytime sleepiness 680 (14.1%) 403 (12.5%) 83 (23.3%) 134 (13.5%) 60 (26.4%) <0.001
Involuntary falling asleep 538 (11.0%) 319 (9.8%) 51 (13.7%) 123 (12.3%) 45 (19.7%) <0.001

Data presented as the mean + standard deviation (SD) or N (%). BMI, body mass index; nGER, nocturnal gastroesophageal reflux. p-Value calculated with the analysis of

variance (ANOVA) test.
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follow-up. Of those women, 210 (7.0%) reported new daytime
sleepiness and 127 (4.0%) new involuntary falling asleep. A com-
bination of both new daytime sleepiness and new involuntary
falling asleep was reported by 48 (2.0%).

Regarding nGER, participants reporting persistent symptoms
had the highest incidence of both daytime sleepiness and invol-
untary falling asleep [Fig. 1(A) and (B)]. New daytime sleepiness
was most common in those with new snoring while new invol-
untary falling asleep was almost equally prevalent in both persis-
tent snoring and former snoring [Fig. 1 (C) and (d)].

3.4. Multiple logistic regression analysis at follow-up

The group with persistent nGER and snoring had the highest
risk of new daytime sleepiness (OR 3.4, 95% ClI 1.4-5.3) and
involuntary falling asleep (OR 5.6, 95% CI 2.9—10.7). Moreover,
the group with persistent nGER was associated with an increased
risk of both daytime sleepiness (OR 2.7, CI 1.4—5.3) and invol-
untary falling asleep (OR 2.6, 1.2—5.6), while persistent snoring
was only associated with involuntary falling asleep (OR 2.1, 95%
Cl 1.4-3.2).

After adjustment for possible confounders, women with
persistent nGER displayed increased odds for new daytime sleep-
iness, with an adjusted OR of 3.0 (95% CI 1.7—5.9). Snoring atten-
uated this association and women with the combination of
persistent nGER and persistent snoring seem to have an even
higher risk of new daytime sleepiness (adjusted OR 4.2, 95% CI
1.9-9.2). In addition, the participants with combined persistent
nGER and snoring were at increased risk of involuntary falling
asleep (adjusted OR 3.1, 95% CI 1.5—6.4) (Table 3).
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4. Discussion

This study showed that women with persistent nGER were at
increased risk of developing daytime sleepiness and that snoring
augmented this association. Women with both nGER and snoring
were also at a risk of involuntary falling asleep during the day. The
effect was strong and snoring women with nGER had a four-times
greater risk of developing daytime sleepiness and an almost three-
times greater risk of developing involuntary falling asleep during
the day.

To the best of our knowledge, no previous study comparing the
combination of snoring and nGER and their association with day-
time sleepiness has been conducted.

In our study population, the prevalence of snoring was 25.6%,
which is slightly higher than a Hungarian survey, where 21.0% of
the women reported habitual snoring [27]. Of the women in our
population, 14% reported nGER, which is higher than the corre-
sponding prevalence (7.7%) in the study by Emilsson et al., [47].
Differences in prevalence might be due to differences in mean age
and/or BMI between study populations. However, as neither of the
cited studies presented age or BMI for the whole population, it is
not possible to compare this further.

Our finding of an additive effect of nGER and snoring on the
development of daytime sleepiness is of clinical interest. A study
has found that nGER might be exacerbated by the repetitive
increased nocturnal respiratory effort [52] that occurs in patients
with obstructive sleep apnea syndrome. Correspondingly, non-
apneic respiratory events are also associated with increased
airway resistance and respiratory effort [62]. We therefore hy-
pothesize that, among snorers, nGER may indicate a significant
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Fig. 1. Bar charts depicting the prevalence of new daytime sleepiness and new involuntary falling asleep in relation to nocturnal gastroesophageal reflux (nGER) and snoring.
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Table 3
Risk factors for new daytime sleepiness and involuntary falling asleep.

New daytime sleepiness

New involuntary falling asleep

OR 95% CI p OR 95% CI p

No nGER or snoring 1.0 1.0
nGER and/or snoring only at baseline or follow-up 1.8 1.3-24 <0.001 1.7 1.2-24 0.004
Persistent nGER only 3.0 1.5-5.9 0.002 1.7 0.7—-4.0 0.213
Persistent snoring only 1.2 0.7-1.9 0.513 14 0.9-2.2 0.174
Persistent nGER and snoring 4.2 1.9-9.2 <0.001 3.1 1.5-6.4 0.003
Age (baseline) 0.7 0.7-0.8 <0.001 1.5 1.3-1.7 <0.001
BMI (baseline) 1.0 1.0-1.0 0.146 1.0 1.0-1.1 0.111
A-BMI 1.1 1.0-1.1 0.018 1.0 1.0-1.1 0.242
Smoking status (baseline)

Never smoker 1.0

Former smoker 14 1.0-1.9 0.039 0.9 0.6—1.3 0.608

Current smoker 13 0.9-1.9 0.157 1.2 0.8—-1.8 0.434
Alcohol dependency (baseline) 2.1 14-3.2 <0.001 1.1 0.6—-2.1 0.664
Caffeine (baseline)

0 1.0 1.0

1-2 cups 1.2 0.7-2.3 0.504 0.6 03-1.2 0.137

3 or more cups 1.0 0.6—-1.9 0.916 0.5 0.3-1.0 0.068
Physical activity (baseline)

High 1.0 1.0

Medium 1.2 0.8—-1.6 0.329 1.4 0.9-2.2 0.141

Low 13 0.8—2.0 0.227 14 0.8—-2.5 0.186

The results are presented as odds ratio (OR) and 95% confidence interval (CI) adjusted for age, body mass index (BMI), smoking, alcohol dependency, caffeine intake and level of
physical activity at baseline and A-BMI during the follow-up period. For age, OR is calculated for an increase of 10 years. nGER, nocturnal gastroesophageal reflux.

increase in respiratory effort, such as in patients with obstructive
sleep apnea.

In recent years, progress has been made in determining the
underlying mechanisms of the link between nGER and poor sleep
quality. One study found that the vast majority of acid reflux events
during the night (90%) were associated with short arousals [63]. In
contrast, in other studies, the majority of reflux events followed
arousals or conscious awakening periods, suggesting that reflux
was not the primary cause of the events but was secondary to
arousals/awakenings from other causes, ie, snoring [64,65]. It is
more probable that a combination of arousals and conscious
awakenings lead to sleep fragmentation, resulting in poor sleep
quality and daytime sleepiness [66]. Conversely, poor sleep en-
hances the oesophageal hypersensitivity exacerbating gastro-
esophageal reflux, which in turn leads to more sleep disruptions in
a vicious cycle. A factor that might be of importance is that of
nocturnal swallowing. In a recent study with the primary aim to
analyze nocturnal swallowing in patients with spinal cord injury, it
was noticed that both in patients and in the healthy controls,
nocturnal swallowing was associated with arousals [67]. Patients
with gastroesophageal reflux disease have a higher frequency of
nocturnal swallowing compared with healthy subjects [68,69]
which therefore may lead to worsening of sleep fragmentation.

Daytime sleepiness is a common complaint in the general pop-
ulation and investigating its underlying causes poses a challenge for
clinicians. If questions relating to snoring and nGER are incorporated
in the basic interview, the clinician may potentially find treatable
causes of daytime sleepiness in complaints of nGER and/or snoring.
The efficiency of proton pump inhibitors in the treatment of nGER is
well documented [70,71] and it also reduces the gastroesophageal-
reflux-related sleep complaints [66,71—73] and daytime sleepiness
[74]. Refractory gastroesophageal reflux is associated with nGER
[75], indicating that patients with the most difficult gastroesopha-
geal reflux can be found by screening for nGER.

This large-scale population-based study had a high response
rate both at baseline and at follow-up. The inclusion of lifestyle
factors — smoking, physical activity, alcohol dependency and
caffeine intake — is another strength of the study. The most
important limitation is that all data were self-reported with no

objective measurement, which can lead to bias and misclassifica-
tion. When it comes to symptoms of nGER in a study of this size, the
use of a measure such as 24-h pH probe or upper endoscopy would
not be feasible. There is no gold standard for measuring gastro-
esophageal reflux and many investigators note the validity of
establishing gastroesophageal reflux based on symptoms [76,77].
Furthermore, global guidelines for gastroesophageal reflux
recommend establishing a diagnosis on the basis of patients’ self-
reported symptoms [78]. Regarding EDS, instead of a more com-
mon measure, such as the Epworth Sleepiness scale (ESS), EDS was
assessed using a five-point scale. The scale has been compared to
ESS and has been found to correlate relatively well to the ESS [79].
Self-reported snoring is not the ideal measurement of snoring
frequency but previous validation against sleep monitoring has
suggested it to be a reliable measure [80]. Furthermore, as poly-
somnography was not performed, we have no information on sleep
time, a variable that could interfere with daytime sleepiness. As the
study was conducted only in women, the results cannot be gener-
alized to apply to men, and the goal of the study was not to examine
gender differences.

In conclusion, we found that women with nGER were at an
increased risk of developing daytime sleepiness and that snoring
augmented this association. In addition, women with both nGER
and snoring were at increased risk of developing involuntary falling
asleep during the day.
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