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Study Objectives: Whether short or insufficient sleep are risk factors for new-onset nocturnal gastroesophageal reflux (nGER).
Methods: In this 10-year longitudinal study, adult general-population women in Uppsala, Sweden, answered questionnaires on sleep, nGER, and other
conditions on 2 occasions. Participants at baseline totaled 6,790, while participants at follow-up totaled 4,925. “Short sleep” was defined as sleeping < 6 hours/
night and “insufficient sleep” was defined as reporting an average actual sleep duration below 80% of the self-estimated need for sleep duration but without “short
sleep.” nGER was defined as reporting heartburn or acid reflux after going to bed sometimes, often, or very often. The confounding factors—age, body mass
index, physical activity, caffeine intake, smoking habits, alcohol dependence, depression, anxiety, and snoring—were defined from the questionnaire.
Results: At baseline, 839 participants reported short sleep and 1,079 participants were defined as having insufficient sleep. Both participants with insufficient
sleep and short sleep had nGER more often than those with sufficient sleep (26% vs 17% vs 10%, respectively). At follow-up, a new onset of nGER was twice as
common among those with insufficient or short sleep at baseline and follow-up, compared with those with sufficient sleep at baseline and follow-up, even after
adjusting for confounding factors (odds ratio 2.0 [1.5–2.8], P < .001).
Conclusions: Insufficient sleep and short sleep are associated with nGER. Persistent insufficient and/or short sleep independently increases the risk of developing nGER
over a 10-year follow-up. Women seeking treatment for nGER should be questioned about their sleep habits to identify insufficient sleep as a possible causative factor.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Insufficient sleep and nocturnal gastroesophageal reflux are common in the female general population.
Experimental studies have shown that induced sleep deprivation increases gastroesophageal reflux, but it is unknown if insufficient sleep in the general
population may cause gastroesophageal reflux.
Study Impact: In this study, we found that insufficient sleep is an independent risk factor for developing nocturnal gastroesophageal reflux among women.
This negative association was seen even among women with normal sleep duration but with subjectively reported insufficient sleep. Women seeking
health care for gastroesophageal reflux should be assessed for insufficient sleep, as insufficient sleep may be a modifiable risk factor for their
gastroesophageal reflux.

INTRODUCTION

Insufficient sleep is common in the general population, with a
reported prevalence of 7%–25%.1–3 Gastroesophageal reflux
is another prevalent condition, with a reported prevalence of
10%–20%, and in a significant percentage of these cases noc-
turnal gastroesophageal reflux (nGER) is also present.4–6

Insufficient sleep can lead to poorer alertness and a decrease in
general performance and it is associated with comorbidities such as
diabetes, high blood pressure, asthma, obesity, coronary heart dis-
ease, and stroke.7,8 Notably, nGER may contribute to poorer qual-
ity of sleep, and studies from the general population have found an
association between nGER and sleep induction, sleep maintenance,
and daytime sleepiness.9–11 In addition, nGER is associated with
the sleep-disrupting disease obstructive sleep apnea.12,13 Treating
nGER may improve self-reported sleep quality, although objective
sleep parameters appear to be unaffected.4

Interestingly, even though studies using polysomnography
and simultaneous esophageal pH measurements have found that
some reflux episodes induce changes in sleep stage or awaken-
ings, the reflux episodes are preceded even more frequently by
sleep stage changes or awakenings.14–17 A recent small interven-
tional study found that reflux episodes, measured by esophageal
pH, were significantly increased after a night of induced sleep
deprivation.18 Together, this indicates that insufficient sleep
could increase the risk of nGER. However, no studies have eval-
uated whether this applies to insufficient sleep in the general pop-
ulation. Moreover, it is unclear if this association is only acute
and transient, or if it is also long lasting.

The definition of insufficient sleep in epidemiological stud-
ies is often based solely on reported sleep duration, usually as
less than 6 hours a night.8 However, this measurement does not
take account of the individual variation in sleep need.3 For this
reason, some studies have adapted a sleep sufficiency index,
defined as the actual sleep duration percentage of sleep need.3
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Our aim was to investigate whether insufficient sleep is a risk
factor for developing nocturnal reflux among females in the gen-
eral population. For this purpose, we used a population-based
female cohort with a 10-year follow-up and considered both
sleep duration and the sleep sufficiency index for the definition
of insufficient sleep.

METHODS

Population and study design
The current study used data from the population-based cohort
Sleep and Health in Women, a 10-year prospective, observa-
tional study that was initiated in 2000 with a questionnaire sent
out to randomly selected women above the age of 20 in the city
of Uppsala, Sweden, where 7,051 women participated at base-
line (response rate 71.6%).19 Of these participants, 5,193 also
participated in the 10-year follow-up.20 For cross-sectional
analysis, data from the baseline population were used, where
6,790 women had data on sleep duration and the estimated need
for sleep. For the prospective analysis, follow-up data were
added from the longitudinal part of the Sleep and Health in
Women study, in which 4,925 women had answered questions
about sleep duration at follow-up.

Definitions and categorization of sleep sufficiency
and sleep duration
Both at baseline and at follow-up, the women answered 2 ques-
tions relating to sleep duration in hours: “Howmany hours do you
sleep each night on average?” (habitual sleep duration), and “How
many hours sleep per night do you estimate you need to be rest-
ed?” (estimated need for sleep). The questions used in this study
were identical at baseline and follow-up. Based on the answers,
the sleep sufficiency index (SSI)3 was calculated, defined as
“habitual sleep duration” divided by “estimated need for sleep.”
The strength of the SSI is that it may be independent of the individ-
ual sleep need, which varies considerably between individuals.3

The women were divided into 3 groups. First, those with
sleep duration of ≥ 6 hours and with an SSI of ≥ 0.8 were
defined as having “sufficient sleep” (n = 4,872). Second, those
with an SSI of < 0.8 but with sleep duration of ≥ 6 hours were
defined as having “insufficient sleep” (n = 1,079). Third, those
reporting sleep duration of < 6 hours were defined as having
“short sleep,” irrespective of SSI (n = 839) (Figure 1).

For the prospective analyses, a measurement reflecting sleep
duration and SSI transition over time was constructed from both
baseline and follow-up data (Figure 2). For this measurement,
all the participants reporting sleep duration of < 6 hours and/or
an SSI of < 0.8 were defined as having “short or insufficient
sleep,” while participants reporting sleep duration of ≥ 6 hours
and with an SSI of ≥ 0.8 were defined as having “sufficient
sleep.” Participants defined as having short or insufficient sleep
at both baseline and follow-up were defined as “Persistent short
or insufficient sleep” (n = 652). Participants reporting short or
insufficient sleep only at baseline were defined as “short or insuf-
ficient sleep only at baseline” (n = 678). Subjects reporting short
or insufficient sleep only at follow-up were defined as “short or

insufficient sleep only at follow-up” (n = 608). Participants with
sufficient sleep at baseline and follow-up were defined as
“persistent sufficient sleep” (n = 2,987).

At baseline, 1,824 participants had a sleep sufficiency index
of < 0.8, while 839 participants reported short sleep duration
(< 6 hours) (Figure 1). Of the 1,824 participants with a sleep suf-
ficiency index of < 0.8, 745 were included in the group with short
sleep duration, while the remaining 1,079 participants reported
sleep duration of≥ 6 hours and were categorized as having insuf-
ficient sleep for the further cross-sectional analysis.

Definition of nocturnal gastroesophageal reflux
At both baseline and follow-up, nGER was defined using the
following question: “How often do you experience heartburn or
acid reflux after going to bed?”. Participants answered on a
5-point scale (never–rarely–sometimes–often–very often). Par-
ticipants answering sometimes, often, or very often were catego-
rized as having nGER. Participants reporting nGER at follow-up
but not at baseline were considered to have new-onset nGER.11

Definitions and categorization of covariates
Prior to analysis, a directed acyclic graph (a diagram displaying
assumptions about the relationship between variables) was used
to identify potential confounders.21 The identified confounders
were age, body mass index (BMI), physical activity, caffeine
intake, smoking habits, alcohol consumption, and snoring. All
of these were available and self-reported from the baseline
questionnaire.

BMI was calculated as weight divided by height squared
(kg/m2). Delta-BMI as a measure of change in BMI over time
was defined as BMI at follow-up minus BMI at baseline.

Physical activity levels were categorized into 3 groups.
“Low physical activity”was defined as spending most free time

Figure 1—Venn diagram of participants with insufficient
sleep and sleep duration below 6 hours at baseline.

Participants in the gray area were defined as having short sleep, while partic-
ipants in the white area were defined as having insufficient sleep (defined as
a sleep sufficiency index of < 0.8).
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doing stationary activities, such as reading books or watching
television. “Moderate physical activity” was defined as report-
ing a minimum of 4 hours of moderate physical activity a
week, such as cycling or walking. “High physical activity” was
defined as spending a minimum of 3 hours a week on physically
challenging activities, such as swimming or running.22,23

Caffeine intake was categorized into 3 groups: “0 cups a day,”
“1–2 cups a day,” and “3 or more cups a day.”9 Smoking habits
were categorized into 3 groups: “current smokers,” “former smok-
ers,” and “never smokers.” Alcohol dependence was defined as
2 or more positive responses to the 4 questions from the Cutting
down, Annoyance by criticism, Guilty feeling and Eye opener
(CAGE) questionnaire.24 Depression and anxiety were defined
from the Hospital Anxiety and Depression Scale (HADS).25 A
score from 8–10 was defined as possible depression or anxiety on
each respective subscale, and a score above 10 was defined as
probable depression or anxiety. Snoring was assessed using the
question: “How often do you snore loudly and disturbingly?” Par-
ticipants answered on a 5-point scale (never–rarely–sometimes–
often–very often). Participants answering sometimes, often, or
very often were defined as snorers.11

Participants were asked to state how severe their problems were
regarding daytime sleepiness. Participants answered on a 5-point
scale (no problems–small–moderate–severe–very severe). Those
who answered that they had severe or very severe problems were
defined as having daytime sleepiness.26

Statistical analysis
The main exposure in this study was sleep sufficiency variables
and the outcome was nGER. Both cross-sectional and prospec-
tive analyses were performed.

Descriptive and cross-sectional analysis

In the cross-sectional descriptive analysis of baseline data, com-
mon descriptive statistics were used and a Venn diagram was

drawn to explore the association between insufficient sleep and
short sleep duration. Descriptive data were presented as the
median and interquartile range for nonnormally distributed con-
tinuous variables; the mean and standard deviation for normally
distributed continuous variables and n (%) for categorical varia-
bles. Associations between insufficient sleep and nGER were
analyzed using the chi-square test for unadjusted analysis, and
multiple logistic regression was used for adjusted analysis
(based on the a priori defined model from the directed acyclic
graph, as described above).

Longitudinal analysis

For the longitudinal analysis, the outcome was new-onset nGER.
All the confounders except for delta-BMI were defined from base-
line data. For the analysis of new-onset nGER at follow-up, partic-
ipants reporting nGER at baseline were excluded (n = 589) and the
data were analyzed using the chi-square test for unadjusted analy-
sis, while multiple logistic regression was used for adjusted analy-
sis (based on an a priori–defined model from the directed acyclic
graph, as described previously). In addition, a second analysis of
the association between sleep insufficiency and nGER was per-
formed on longitudinal data using multiple logistic regression,
where participants reporting short sleep (< 6 hours) at baseline or
follow-up were excluded.

The statistical analysis was performed in STATA, version
16.1 for Windows (StataCorp, College Station, TX). A P value
below .05 was considered statistically significant.

Ethical approval
Informed consent was obtained from all the participants, and
ethical approval was obtained from the Ethics Committee at the
Medical Faculty at Uppsala University (Dnr 99486 and Dnr
2009/379).

Figure 2—Flow chart for the definition of study groups for prospective analysis.
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RESULTS

Baseline characteristics
Participants with insufficient sleep were younger, while those
with short sleep were older than those with sufficient sleep.
Among participants with insufficient sleep and short sleep dura-
tion, smoking, depression, and anxiety were more common, the
physical activity level was lower, snoring was slightly more
common, and daytime sleepiness much more common, com-
pared with participants with sufficient sleep. BMI, coffee con-
sumption, and alcohol dependence were similar in all 3 groups
(Table 1).

Cross-sectional analysis—insufficient sleep and
nGER at baseline
The prevalence of nGER in women with insufficient sleep was
twice as high compared with those with sufficient sleep
(Table 2). In women with short sleep, the prevalence of nGER
was nearly 3 times as high compared with those with sufficient
sleep (Table 2). After adjusting for confounding factors, both
insufficient sleep and short sleep were significantly associated
with nGER (Table 3).

Prospective analysis—insufficient sleep and nGER at
follow-up
Women with persistent insufficient or short sleep displayed the
highest prevalence of nGER at follow-up, followed by those
with insufficient or short sleep only at follow-up (Figure 3).
Among participants without nGER at baseline (n = 4,314),
new-onset nGER at follow-up was most frequent among those
with insufficient or short sleep at follow-up, irrespective of
baseline status (Figure 3). Having insufficient or short sleep
only at follow-up, or having persistent insufficient or short
sleep, were both associated with prevalent or new-onset nGER,
after adjusting for confounding factors (Figure 4).

A secondary analysis, adjusted for confounding factors and
based only on participants with normal sleep duration (≥ 6 hours)
at both baseline and follow-up, showed that insufficient sleep
only at follow-up (n = 389), but not persistent insufficient sleep
(n = 232), was associated with increased odds of prevalent nGER,
compared with persistent sufficient sleep (n = 2,987) (adjusted
odds ratio [95% confidence interval]: 1.81 [1.29–2.52]; 1.42
[0.93–2.17], respectively). However, when studying new-onset
nGER, insufficient sleep only at follow-up (n = 342) was associ-
ated with new-onset nGER, but it was nonsignificant for persistent
insufficient sleep (n = 186), compared with persistent sufficient

Table 1—Baseline characteristics.

Sufficient Sleep
(Sleep Duration

≥ 6 h/night, SSI ≥ 0.8)
(n = 4,872)

Insufficient Sleep
(Sleep Duration

≥ 6 h/night, SSI < 0.8)
(n = 1,079)

Short Sleep
(Sleep Duration

< 6 h/night, any SSI)
(n = 839)

Age, y 43 (29 – 57) 37 (27 – 50) 53 (39 – 67)

BMI, kg/m2 24.0 ± 4.0 24.0 ± 4.1 24.9 ± 4.6

Never smokers 3,017 (62.3%) 607 (56.7%) 466 (56.1%)

Former smokers 1,077 (22.2%) 243 (22.7%) 202 (24.3%)

Current smokers 748 (15.5%) 220 (20.6%) 162 (19.5%)

Alcohol dependence 262 (5.6%) 83 (8.0%) 42 (5.5%)

No coffee intake 226 (4.7%) 55 (5.1%) 29 (3.5%)

1–2 cups a day 1,355 (28.1%) 300 (28.0%) 218 (26.3%)

3 or more cups a day 3,241 (67.2%) 715 (66.8%) 581 (70.2%)

Low physical activity 792 (16.4%) 237 (22.2%) 211 (25.7%)

Moderate physical activity 3,003 (62.2%) 632 (59.2%) 503 (61.3%)

High physical activity 1,032 (21.4%) 199 (18.6%) 106 (12.9%)

No depression 4,233 (90.1%) 822 (79.2%) 579 (73.0%)

Possible depression 339 (7.2%) 146 (14.1%) 143 (18.0%)

Probable depression 125 (2.7%) 70 (6.7%) 71 (9.0%)

No anxiety 3,465 (73.4%) 554 (52.6%) 413 (51.5%)

Possible anxiety 797 (16.9%) 264 (25.1%) 178 (22.2%)

Probable anxiety 456 (9.7%) 235 (22.3%) 211 (26.3%)

Snoring 1,158 (24.4%) 285 (26.8%) 234 (29.5%)

Daytime sleepiness 384 (8.0%) 288 (27.1%) 255 (31.3%)

Data are presented as the median and interquartile range for non–normally distributed continuous variables, the mean and standard deviation for normally
distributed continuous variables, and n (%) for categorical variables. Sufficient sleep is defined as sleeping ≥ 6 hours/night and having an SSI of ≥ 0.8.
Insufficient sleep is defined as sleeping ≥ 6 hours/night but having an SSI of < 0.8. Short sleep is defined as sleeping < 6 hours/night. BMI = body mass index,
SSI = sleep sufficiency index.
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sleep (n = 2,714) (adjusted odds ratio [95% confidence interval]:
2.02 [1.36–3.00]; 1.41 [0.79–2.51], respectively).

DISCUSSION

In this study of adult women from the general population in
Sweden, cross-sectional analysis revealed that participants who
had insufficient sleep at baseline had nGER approximately
twice as frequently as those with sufficient sleep. This pattern
was also seen among participants with insufficient sleep with
sleep duration of ≥ 6 hours/night. The longitudinal analysis
found that participants with insufficient or short sleep either
only at follow-up or persistently had double the odds of new-
onset nGER. The results were consistent after adjusting for con-
founding variables.

As previously mentioned, our definition of insufficient sleep,
based on a low ratio between actual sleep duration and perceived
needed sleep duration, is thought to contain information regard-
ing both quality of sleep and sleep duration.3 In this study, insuf-
ficient sleep was very common among women with short sleep
duration. However, more than half the group of women reporting
insufficient sleep reported normal sleep duration (≥ 6 hours/
night). This suggests that, among women categorically defined
as having sufficient sleep (≥ 6 hours/night), a significant propor-
tion perceive a need for a longer sleep to feel properly rested.

The association between insufficient sleep and nGER was
somewhat stronger among participants with short sleep dura-
tion, but it was nonetheless also significant among women with
insufficient sleep and normal sleep duration. Our results there-
fore support the hypothesis that we need to take account of
more factors than actual sleep duration when studying the
effects of insufficient sleep.

In the present study, we found that insufficient sleep may
also be a risk factor for developing nGER among women in the
general population. Interestingly, those with new onset of insuf-
ficient or short sleep had a similar or higher new onset of nGER
than those with persistent sleep impairment. A recent experi-
mental study, where induced sleep deprivation was shown to
lead to nGER among healthy individuals, further supports a
possible causal association.18 Interestingly, only 2 nights of
sleep deprivation were sufficient to induce a clear increase in
esophageal acid exposure. This increase in acid exposure
induced by sleep deprivation, possibly from more frequent tran-
sient relaxations in the lower esophageal sphincter, may explain
why nGER increases among women with insufficient sleep.
Further, short sleep has been shown to lead to visceral hyperal-
gesia and may therefore aggravate nGER symptoms.27

The observation that sleep deprivation appears to induce
nGER relatively quickly18 may explain why the frequency of
new-onset nGER was similarly increased among participants
with persistently insufficient sleep and new onset of insufficient
sleep. This is further supported by our finding that those with
persistent insufficient or short sleep had a somewhat higher
prevalence of nGER at follow-up than those with insufficient or
short sleep only at follow-up, while new-onset nGER was simi-
lar in these 2 groups or even higher among those with insuffi-
cient or short sleep only at follow-up. In other words, among
participants reporting persistently insufficient sleep, those at
risk of developing nGER may have already developed nGER at
baseline and therefore been excluded from the analysis of
new-onset nGER.

Strengths and weaknesses
One of the main strengths of this study was the large population
studied in a prospective manner. The detailed nature of the

Table 2—Prevalence of nGER at baseline by sleep sufficiency categories.

nGER P

Sufficient sleep (n = 4, 872) 478 (9.9%) Reference

Insufficient sleep (and ≥ 6 hours/night sleep) (n = 1,079) 181 (16.9%) < .001

Short sleep (< 6 hours/night) (n = 839) 217 (26.1%) < .001

nGER = nocturnal gastroesophageal reflux.

Table 3—ORs (with 95% CIs) for nGER at baseline by insufficient sleep.

nGER

Unadjusted OR (95% CI) Adjusted OR (95% CI)

Sufficient sleep 1.00 1.00

Insufficient sleep (and ≥ 6 hours/night sleep) 1.85 (1.54–2.23) 1.62 (1.31–1.99)

Short sleep (< 6 hours/night) 3.22 (2.69–3.86) 2.32 (1.87–2.88)

Unadjusted analysis and analysis adjusted for age, body mass index, smoking status, caffeine consumption, alcohol dependence, physical activity level,
depression, anxiety, and snoring. CI = confidence interval, nGER = nocturnal gastroesophageal reflux, OR = odds ratio.
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questionnaires enabled adjustments for relevant confound-
ers, which further enhanced the validity of the results. How-
ever, some methodological issues need to be addressed. First,
even though the prospective nature of this study with a
10-year follow-up was valuable, the fact that we only had
data from 2 time points 10 years apart reduces the certainty
of interpretations regarding the direction of the association
between insufficient sleep and nGER. Second, no objective
measurements were performed in this study, which impairs
the validity of the definitions of nGER and insufficient
sleep.28 Polysomnography and esophageal pH measurements
would have been valuable in order to objectively measure
sleep parameters and nGER, respectively, but this was not
possible in this study due to the size of the cohort. We also
lacked more detailed information on gastroesophageal reflux
in general, which hindered our ability to study the signifi-
cance of other aspects of reflux, such as use of proton pump
inhibitor, Barrett’s esophagus, and daytime reflux. Third, all
the data collected were self-reported, which may increase the
risk of recall bias. Lastly, the populations in this study

comprised only adult females, making the conclusions only
generalizable to adult women.

Despite these limitations, this study has some clinical rele-
vance. First, this study implies that insufficient sleep is an
independent risk factor for the development of nGER, and the
development of nGER may come soon after the occurrence of
insufficient sleep. Second, this study implies that experiencing
insufficient sleep (defined by a ratio of < 0.8 between actual
sleep duration and estimated need for sleep) may be of clinical
or public health interest, as it is associated with negative out-
comes, even though actual sleep duration was ≥ 6 hours. In
our cohort, most women with insufficient sleep reported a
habitual sleep duration of at least 6 hours/night, indicating that
a significant group of participants with insufficient sleep
would have been missed if they were only defined by short
sleep duration.

Previous studies have found that nGER may impair sleep
quality.9,10,17,23,24 According to our data, impaired sleep
might then provoke nGER, thus potentially creating a vicious
circle.

Figure 4—Adjusted ORs with 95% confidence intervals for the presence and new onset of nGER at follow-up by reported
sleep duration at baseline and follow-up.

ORs are adjusted for age, BMI at baseline and delta-BMI, physical activity, caffeine intake, smoking habits, alcohol consumption, depression, anxiety, and snoring.
The analysis of new-onset nGER excluded women with nGER at baseline. BMI = body mass index, nGER = nocturnal gastroesophageal reflux, OR = odds ratio.

Figure 3—Insufficient sleep and nGER at follow-up.
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CONCLUSIONS

Insufficient sleep, with or without short sleep duration (< 6 hours/
night), was associated with a higher prevalence of nGER among
adult women. Having persistent insufficient sleep, as well as a
persistent short sleep duration, increased significantly the risk of
developing nGER over 10 years. These associations were similar
after adjusting for confounding factors. It is therefore clinically
important to identify insufficient sleep, even in the setting of nor-
mal sleep time, to interfere with and hinder negative complica-
tions such as nGER. Also, patients seeking treatment for nGER
should be questioned about their sleep habits to identify insuffi-
cient sleep as a possible causative factor.

ABBREVIATIONS

BMI, body mass index
nGER, nocturnal gastroesophageal reflux
SSI, sleep sufficiency index
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