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Abstract
Background & aims
The aim of the study was to evaluate the effect of an electronic positional 

therapy wearable device on nocturnal gastroesophageal reflux measured by pH-

impedance reflux monitoring.

Methods
We performed a single-center, prospective, interventional study in 30 patients 

with nocturnal reflux symptoms and a nocturnal esophageal acid exposure 

time (AET) ≥1.5% measured off acid-suppressive medication by ambulatory pH-

impedance reflux monitoring. Patients were treated with an electronic positional 

therapy wearable device for two weeks. The device vibrates in the right lateral 

decubitus position so it conditions patients to avoid that sleep position. After two 

weeks treatment, the pH-impedance study was repeated. Primary outcome was 

change in nocturnal AET. Secondary outcomes include change in number of reflux 

episodes and reflux symptoms. 

Results
Complete data was available for 27 patients (13 females, mean age 49.8 years). 

The median nocturnal AET decreased from 6.0% (IQR, 2.3-15.3) to 3.1% (0.1-10.8) 

after two weeks of treatment (p=0.079). The number of reflux episodes were 

significantly reduced after two weeks of treatment (baseline: 8.0 (3.0-12.3) vs 

end: 3.0 (1.0-8.0); p=0.041). Treatment led to a statistically significant decrease 

in time spent in right lateral decubitus position (baseline: mean 36.9% ± 15.2% vs 

end: 2.7% ± 8.2%; p=<0.001) and an increase in the left lateral decubitus position 

(baseline 29.2% ± 14.8% vs end: 63.3% ± 21.9%; p=<0.001). Symptom improvement 

was reported by 70.4% of the patients.

Conclusions
Sleep positional therapy using an electronic wearable device promotes sleeping in 

the left lateral decubitus position and improves reflux parameters measured by 

pH-impedance reflux monitoring. 
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Introduction
Treatment of gastroesophageal reflux disease (GERD) consists of lifestyle 

modifications, acid-suppressive medication and sometimes surgery, depending 

on the nature and severity of the disease. A large proportion of patients with 

GERD remain under treatment of the general practitioner or help themselves, 

often using lifestyle advice and over the counter acid-suppressive medications. 

Nocturnal reflux symptoms, occurring in up to 80% of the GERD patients, can 

severely hamper sleep quality and are often difficult to treat with current 

treatments, including acid-suppressive medications. 1, 2

The results of several studies suggest that body position during sleep plays a 

role in occurrence of nocturnal gastroesophageal reflux. 3-5 When sleeping in a 

left lateral decubitus position, the stomach is anatomically positioned below the 

esophagus, resulting in less reflux. Indeed, the left lateral decubitus position is 

associated with significantly shorter nocturnal esophageal acid exposure time 

and faster esophageal acid clearance compared with the supine and right lateral 

decubitus positions.5 The results of a recent study by our group suggest that 

nocturnal reflux may be reduced with an electronic sleep positional wearable 

device, as it promotes sleeping in the left lateral decubitus position  and effectively 

alleviates nocturnal reflux symptoms.6 This small wearable device, placed with an 

adhesive sticker on the sternum, gently vibrates when the body is in the right 

lateral decubitus position. The vibrating signal is effectively in nudging to change 

the sleep position, preferably with the intention of stimulating the subject to 

roll over to the left lateral decubitus position. While the aforementioned study 

demonstrated improvement in nocturnal reflux symptoms, the effect on objective 

reflux parameters were not studied. The main objective of the current study was 

to evaluate the effect of this novel electronic positional therapy wearable device on 

nocturnal gastroesophageal reflux measured by pH-impedance reflux monitoring. 

Methods
Study Design

We performed a single-center, prospective, single-arm, non-blinded, interventional 

study in 30 patients with nocturnal gastroesophageal reflux symptoms and 

objectively demonstrated nocturnal reflux. In the period between December 2019 
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and December 2021, all patients undergoing  ambulatory pH-impedance reflux 

monitoring as part of their diagnostic work-up were fitted with a sleep position 

measurement device which concurrently measured body position (see below). 

Patients who had a nocturnal esophageal acid exposure time (AET) ≥1.5% were 

invited to participate in the study. During the two-week study, patients slept with 

an electronic positional therapy wearable device. This device was programmed 

to vibrate gently when the body was in the undesired right lateral decubitus 

position, aiming to nudge the subject over to the left lateral decubitus position. 

After two weeks, the pH-impedance study was repeated to investigate the 

change in nocturnal esophageal AET and reflux episodes. The trial was conducted 

according to the principles of the Declaration of Helsinki, complied with Good 

Clinical Practice and the Medical Research Involving Human Subjects Act (WMO). 

The local Medical Ethics Committee Amsterdam Medical Centre approved the 

study (2019_220#B2019758) on November 7, 2019. The Clinical Research Unit of 

the Amsterdam UMC monitored the study. The trial was prospectively registered 

at the Dutch National Trial Register under number NL8657. Written informed 

consent was obtained from all patients. All authors had access to the study data 

and reviewed and approved the final manuscript. 

Patient selection

Adult patients (≥18 years) with nocturnal symptoms of heartburn and/or acid 

regurgitation at least 2 times a week and minimal of 1.5% esophageal acid exposure 

during the night were included in the study. Patients were excluded if they had a 

history of obstructive sleep apnea, esophageal and/or gastric surgery or severe 

and clinically unstable concomitant disease. Nightshift workers and patients who 

regularly use sleep medication were also excluded. If patients slept >75% of the 

total sleep time in the left lateral decubitus position or <10% of the total sleep time 

in the right lateral decubitus position during the first pH-impedance measurement, 

there were considered not to be eligible for participating in the study. 

Study procedures

The total study period was two weeks. Prior to the study, all patients referred 

for reflux analysis underwent stationary esophageal high-resolution manometry 

(HRM) and 24-hour pH-impedance monitoring off PPI as part of routine clinical 
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care. The use of gastric acid-inhibitory drugs and drugs that might influence 

gastrointestinal motility was discontinued 7 days before the 24-hour pH impedance 

study.  A detailed description of the HRM and ambulatory pH-impedance protocol 

is available as supplemental material (supplemental material A). Impedance and 

pH data was stored on a digital data logger (Ohmega, Laborie, Enschede, the 

Netherlands) using a sampling frequency of 50 Hz for impedance and 1 Hz for pH. 

If patients were eligible for participating in the study, they were informed by the 

study team and written informed consent was obtained. Baseline measurements 

consist of collection of clinical data (e.g. previously performed upper endoscopy) 

and questionnaires on reflux symptoms and sleep quality. Next all patients were 

advised to sleep in the left lateral decubitus position as much as possible and were 

instructed to sleep with an electronic positional therapy wearable device. After 

two weeks, the pH-impedance monitoring was repeated using the same protocol. 

The use of H2-receptor antagonists and/or PPIs was not allowed during the whole 

study period. Antacids were allowed as escape medication, only not during the 

two pH-impedance studies. Patient were asked to sleep on a flat bed with a 

maximum of two pillows. Furthermore, patients were requested to eat the same 

type of meals at the second pH-impedance study as during the first measurement.

Sleep position therapy wearable device

The electronic sleep position therapy wearable is a small (40 mm x 40 mm x 7 mm), 

lightweight (3 g) device with a 3-axis accelerometer (Side Sleep Technologies B.V., 

Amsterdam, the Netherlands) (figure 1). The device registers the sleep position 

of a subject at 10-second intervals. It categorizes sleep position as one of 5 

categories: supine (‘’back’’), right, left, prone (‘’belly’’) and upright. The device can be 

programmed either as measurement device (no active intervention) or as treatment 

device (with active vibrations). During the first pH-impedance measurement, the 

device was programmed to not vibrate at all, hence only registering a subject’s 

sleeping position. If a patient was considered eligible for the study, the device was 

programmed to gently vibrate only when the body was in the right lateral decubitus 

position, with the intention of stimulating the subject to roll over to the left lateral 

decubitus position. Patients were instructed to place the device mid-sternally with 

a double sided adhesive sticker and activate it by pressing the button on the device 

when going to bed. The device was turned off manually by pressing the same button 

or otherwise turned off automatically after 8 hours.  
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40 mm

Figure 1. Sleep positional therapy wearable device

Nocturnal refl ux defi nition and sleep position analysis

Nocturnal refl ux detection was started when the sleep position device was 

turned on and a recumbent position was measured (supine, left, right or prone 

position). Each episode was manually assessed by two investigators (J.M.S. & T.K.) 

independently, using established criteria for pH-impedance measurement.7 A 

third investigator was consulted if consensus was not reached (A.J.B.). The position 

“upright” was not included in this calculation as it was not defi ned as a sleep 

position.5 All refl ux events were assigned to the sleep position that was present at 

the moment the pH dropped below 4 and/or when accompanied by a 50% drop 

in impedance. When a patient changed position while the pH was < 4, the refl ux 

event was assigned to the sleep position during which the refl ux event started. 

When a change in sleep position was accompanied by a 50% drop in impedance 

or a drop of > 1 pH unit even when already below 4, this was counted as a new 

refl ux event.  A refl ux event that was preceded or followed by a change in sleeping 

position with a time window of 20 seconds (10 seconds before and 10 seconds 

after the start of the refl ux event) was defi ned as ‘’position change’’.  This takes into 

account the 0.1 Hz sampling rate of the sleep position registration device. Meal 

periods were excluded from the analysis.
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Outcome measures

Primary outcome was the change in total nocturnal AET (time pH <4 in %). 
Secondary outcomes include change in sleep position, change in number of reflux 
episodes and change in reflux symptoms and sleep quality measured by validated 
questionnaires. Questionnaires include in the Reflux Disease Questionnaire 
(RDQ)8, The Pittsburgh Sleep Quality Index (PSQI)9, Nocturnal Gastroesophageal 
Reflux Disease Symptom Severity and Impact Questionnaire (N-GSSIQ)10 and 
global assessment of nocturnal reflux complaints (supplemental material B). 
Questionnaires were filled out at baseline and after two weeks of treatment 
electronically using an electronic data management system (Castor E.D.C., the 
Netherlands).11 Post-hoc subgroup analysis of esophageal AET and number of 
reflux episodes was performed for specific patients’ characteristics (diaphragmatic 
hernia and esophageal motility). 

Sample size calculation, data and statistical analysis

Details on sample size calculation are available as supplemental material 
(supplemental material C). Data from the sleep position device was downloaded using 
Bluetooth technology. The sleep position data was loaded into the pH-impedance 
analysis software (Laborie, Enschede, the Netherlands) using a dedicated executive 
program. The clock time used in the analysis of the sleep position and pH-impedance 
data was derived from the digital clock of the Windows computer which leads to a 
maximum synchronization error of 5 seconds. Descriptive statistics are presented 
as percentage for categorical data, and as mean with standard deviation (SD) or 
median with IQR for continuous variables. Paired t-test and Wilcoxon signed rank 
test were used for comparison between baseline and end of study endpoints. A p 
value < 0.05 was considered statistically significant. SPSS statistics (version 24; SPSS, 
Chicago, Illinois, USA) was used for statistical analysis.

Results
Patient selection and characteristics

In total 30 patients were included in the study. Complete evaluable data was 
available for 27 patients (13 females, mean age 49.8 years). One patient withdrew 
consent as he could not tolerate sleeping with the sleep position therapy device. 
Two patients were excluded due to technical problems with pH-impedance and/
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or sleep position recording equipment. Secondary outcomes analyses were 
performed on data from 24 subjects due to issues with synchronization between 
the pH-impedance and the sleep position signals at baseline in 3 patients. Baseline 
demographic and clinical characteristics are presented in table 1.

Table 1. Baseline characteristics (n=27)
Age (years) [n, SD] 49.8 (14.0)
Sex  [n, %]

Male
Female 

14 (51.9)
13 (48.1)

BMI (kg/m2) [n, SD] 27.0 (4.7)
Use of proton pump inhibitors [n, %] 21 (77.8)
Use of histamine 2 receptor antagonists [n, %] 4 (14.8)
IRP-4 (mmHg) [median, IQR]
LES resting pressure (mmHg) [median, IQR]
HRM Diagnosis [n,%]

Normal
Ineffective esophageal motility
Absent contractility
EGJ outflow obstruction 

4.4 (0.0-7.3)
9.4 (1.1-14.5)

 
10 (37.0)
14 (51.9)

2 (7.4)
1 (3.7)

Diaphragmatic hernia
Mean size in cm [mean, SD]

16 (59.3)
3.2 (1.7)

Reflux esophagitis 
No
Yes

Grade A
Grade B
Grade D
Unknown

18 (66.7)
9 (33.3)
3 (33.3)
4 (44.4)
1 (11.1)
1 (11.1)

Displayed as n (%), mean ± SD or median with IQR. 
BMI; Body Mass Index, IRP-4; Integrated Relaxation Pressure (4 seconds), LES; Lower 
Esophageal Sphincter, HRM; High-resolution Manometry, EGJ; Esophagogastric junction, 
NERD; Non-erosive reflux disease. 

Primary outcome

The total median nocturnal esophageal AET decreased from 6.0% (2.3-15.3) to 
3.1% (0.1-10.8) after two weeks of treatment (p=0.079) (table 2, figure 2). The effect 
of the sleep positional therapy was especially observed in patients with normal 
esophageal motility as in these patients (n=10) the median nocturnal esophageal 
AET decreased from 5.7% (1.6-7.3) to 0.1% (0.0-4.6) (p=0.047). In patients with a 
diaphragmatic hernia (n=16), the esophageal AET decreased from 9.2% (4.4-23.1) 
to 5.5% (0.1-12.0) (p=0.049) (table 2). 
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Figure 2. Primary outcome: effect on nocturnal acid exposure
Change in total nocturnal acid exposure time (time pH <4 in %), displayed as median with 
interquartile range. Wilcoxon signed rank test was used for comparison between baseline 
and end of study. IEM; Ineffective esophageal motility.

Effect on nocturnal reflux episodes 

The total number of nocturnal reflux events was significantly reduced after two 

weeks of treatment (baseline: 8.0 (3.0-12.3) vs end: 3.0 (1.0-8.0); p=0.041) (table 2, 

figure 3). This was especially due to a reduction in reflux episodes in the right lateral 

decubitus position (baseline: 2.0 (2.0-5.8) vs end: 0.0 (0.0-0.0); p=<0.001) and reflux 

episodes associated with a change in sleep position (’position change’) (baseline: 

1.0 (0.0-2.0) vs end: 0.0 (0.0-1.0); p=0.011). In patients with normal esophageal 

motility, the total number of reflux episodes decreased from 3.0 (2.0-6.5) to 1.0 

(0.0-3.0) (p=0.015). No difference in number of reflux episodes was observed in 

patients with a diaphragmatic hernia (baseline: 8.5 (4.8-14.0) vs end: 4.0 (2.0-16.5); 

p = 0.139).  
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Figure 3. Effect on nocturnal reflux episodes 
Displayed as median with interquartile range. Wilcoxon signed rank test was used for 
comparison between baseline and end of study. 

Effect on sleep position

Treatment with the device led to a statistically significant decrease in time spent 
in right lateral decubitus position (baseline: 36.9% ± 15.2% vs end: 2.7% ± 8.2%; 
p=<0.001) (figure 4, table 2). In addition, it resulted in an increase in time spent in 
the left lateral decubitus position (baseline 29.2% ± 14.8% vs end: 63.3% ± 21.9%; 
p=<0.001.). No changes were observed in time spent in the back position (baseline: 
25.7% ± 18.5% vs end: 30.0% ± 21.7%; p=0.438) or prone position (baseline: 8.2% ± 
14.1% vs end: 4.0% ± 9.0%; p=0.103). 

Figure 4. Effect on sleep position 
Displayed as mean percentage of total duration per night. The device used for baseline was 
programmed to not vibrate at all and only registered a person’s sleeping position. Wilcoxon 
signed rank test was used for comparison between baseline and end of study.  
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Effect on symptoms and sleep quality

At the end of the study, patients were asked to rate their nocturnal reflux 

complaints compared to the start of the treatment. Improvement was noted in 

70.4% of the patients (figure 5). Worsening of symptoms was observed in 14.8% of 

the patients.  Twenty-one (77.8%) of the patients would like to continue the use of 

the sleep positional therapy wearable device. We observed no changes in reflux 

symptoms score or sleep quality score measured by the N-GSSIQ, RDQ or PSQI 

questionnaires (supplemental material D). 

Figure 5. Global assessment of nocturnal reflux symptoms 
At the end of the study, patients were asked in the questionnaires: ‘’Compared to the start 
of the treatment, how would you rate your nocturnal reflux complaints now: Completely 
resolved, considerably better, slightly better, no change, slightly worse, considerably worse 
or much worse?’’

Table 2. Change in nocturnal reflux parameters and sleep position
Baseline End of study

Primary outcome
Total time pH < 4 (%) [median, IQR] 6.0 (2.3-15.3) 3.1 (0.1-10.8) p = 0.079
Secondary outcome
Reflux episodes [median, IQR]
Total number of reflux 8.0 (3.0-12.3) 3.0 (1.0-8.0) p = 0.041
Back 1.0 (0.0-3.0) 0.0 (0.0-3.0) p = 0.458
Right 2.0 (2.0-5.8) 0.0 (0.0-0.0) p < 0.001

Left 0.0 (0.0-2.0) 2.0 (0.0-3.0) p = 0.066
Prone 0.0 (0.0-0.0) 0.0 (0.0-0.0) p = 0.257
Position Change 1.0 (0.0-2.0) 0.0 (0.0-1.0) p = 0.011
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Baseline End of study
Sleep position in % [mean, SD]
Back 25.7 (18.5) 30.0 (21.7) p = 0.438
Right 36.9 (15.2) 2.7 (8.2) p < 0.001
Left 29.2 (14.8) 63.3 (21.9) p < 0.001
Prone 8.2 (14.1) 4.0 (9.0) p = 0.103

Subgroup analyses time pH < 4 (%) [median, IQR]
High-resolution manometry
Normal (n=10) 5.7 (1.6-7.3) 0.1 (0.0-4.6) p = 0.047
Ineffective esophageal motility  (n=14) 9.8 (3.5-21.7) 9.0 (1.6-18.5) p = 0.433
Absent contractility (n=2) 13.8 (2.9-17.9) 9.0 (0.3-13.3) p = 0.655
Diaphragmatic hernia
No (n=11) 4.2 (1.8-7.5) 3.0 (0.0-10.6) p = 0.657

Yes (n=16) 9.2 (4.4-23.1) 5.5 (0.1-12.0) p = 0.049
Subgroup analyses number of reflux episodes
High-resolution manometry
Normal (n=10) 3.0 (2.0-6.5) 1.0 (0.0-3.0) p = 0.015

Ineffective esophageal motility (n=14) 9.0 (7.5-14.00) 6.5 (2.8-18.3) p = 0.234
Absent contractility (n=2) 11.0 (3.8-12.8) 12.0 (2.3-15.8) p = 0.655
Diaphragmatic hernia

No (n=11) 5.0 (2.0-10.0) 3.0 (0.0-7.0) p = 0.168
Yes (n=16) 8.5 (4.8-14.0) 4.0 (2.0-16.5) p = 0.139

Displayed as n (%), mean ± SD or median with interquartile range (IQR). 

Discussion 
The occurrence of nocturnal reflux symptoms can lead to a fragmented sleeping 

pattern, severely reducing sleep time and affecting sleep quality.2 Novel treatment 

options for nocturnal reflux are needed as more than 80% of the GERD patients 

experience symptoms under optimal PPI treatment.1  Accumulating evidence 

suggests that sleep position has a profound effect on the occurrence of nocturnal 

gastroesophageal reflux. In experimental studies in infants12-15, healthy volunteers 4, 16  

and patients with GERD3, 17, 18 the right lateral decubitus position was found to be 

associated with a substantially longer esophageal AET compared to the left lateral 

decubitus position. More recently, we have demonstrated that the left lateral 

decubitus position is associated with significantly shorter nocturnal esophageal AET 

and faster esophageal acid clearance compared with the supine and right lateral 

decubitus positions.5 A proposed mechanism is that in the left lateral decubitus 

Table 2. Continued
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position, the stomach is anatomically positioned below the esophagus, resulting 

in less reflux. Therefore, interventions aiming to promote the left lateral decubitus 

sleep position might reduce the occurrence of nocturnal gastroesophageal reflux. 

Indeed, the result of this study indicate that sleep positional therapy, using an 

electronic wearable device, (1) promotes change of sleeping position, nudging 

subjects who sleep in the right lateral position to start sleeping in the left lateral 

decubitus position (2) reduces the number of reflux episodes and (3) reduces 

esophageal AET in patient with normal esophageal motility. 

Our results are consistent with other studies exploring the effects of sleep 

positional therapy for nocturnal gastroesophageal reflux. Anti-reflux pillows, 

aiming to maintain the left lateral decubitus position during the night, have been 

found to result in less supine acid exposure and less nocturnal reflux symptoms .19,20 

However, these anti-reflux pillows are costly, large and may sometimes be 

experienced as being uncomfortable as they do not allow for spontaneous body 

movement during sleep but retain subjects in the left lateral decubitus position. 

In our study, patients were advised to sleep on their left side as much as possible 

and were treated with the sleep positional therapy device. From the first night 

onwards, this led to an almost total absence of the right lateral decubitus position 

and a significant increase in the left lateral decubitus position. No change was 

observed in the supine or prone position. This shows that patients roll over entirely 

to their left side from the right side (and not to the back or belly) when ‘’nudged’’ 

by the sleep positional therapy device with vibrations. This effect was maintained 

throughout the whole treatment period. These results are consistent with a study 

previously performed by our group.6 In this double-blind, randomised, sham-

controlled trial in 100 patients with nocturnal symptoms of gastroesophageal 

reflux we demonstrated that treatment with this device led to (1) an increase of 

sleeping in the left lateral decubitus position and (2) effectively reduced nocturnal 

reflux symptoms compared to sham treatment. That study also showed that the 

recommendation alone to sleep on the left side did not have an effect on itself, if 

not used in combination with the sleep positional therapy device.

Gastroesophageal reflux during daytime (awake state) is distinctly different from 

reflux during night time (sleep state). Reflux episodes during the day are usually 

brief, occur frequently and are often a result of transient lower esophageal 

sphincter relaxations (TLESRs) in the postprandial period.21 Nocturnal reflux 
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occurs less frequently, but is associated with prolonged acid clearance time (due 

to reduced salivary excretion and inhibited swallowing) making the esophagus 

more susceptible to the acidic refluxate.22 Although not statistical significant, the 

median nocturnal esophageal AET decreased from 6.0% to 3.1% after two weeks 

of treatment with the sleep positional therapy device. However, a significant 

decrease in nocturnal esophageal AET was observed in patients with normal 

esophageal motility. Interestingly, a decrease in number of reflux episodes was 

observed in all patients, suggesting that promoting the left lateral decubitus 

position improves esophageal pH parameters. Subsequent clinical studies should 

be performed to investigate if sleep positional therapy has a beneficial effect in 

those GERD patients in which the nocturnal reflux is most severe, for example in 

patients with absent peristalsis due to systemic sclerosis and in achalasia patients 

treated with per-oral endoscopic myotomy. 

In our study, self-reported symptom improvement was noted in 70.4% of the 

patients and 77.8% of the patients indicated that they would like to continue the 

use of the device. The device was also well tolerated, only one patient withdrew 

from the clinical trial due to discomfort of using the device. Interestingly, we 

observed no changes in reflux symptoms score or sleep quality score measured 

by the validated questionnaires. We think this is related to the selection of our 

patients and the severity of their reflux symptoms. Our center is a tertiary referral 

center for GERD, and all patients in this study had undergone multiple lifestyle and 

medical treatments for GERD and were dependent on a maximum dose of PPI. In 

this study, patients were required to discontinue their acid-suppressive medication 

for 2 consecutive weeks; which obviously worsened their reflux symptoms to a 

large degree. This was also reported by the majority of the patients: the use of the 

device was beneficial, but the instruction not to use their PPI severely impacted 

their daytime functioning. Therefore, we think that sleep positional therapy 

might be particularly useful for those subjects that still experience burdensome 

nocturnal reflux symptoms despite PPI treatment, as an add-on to rather than as 

replacement of PPIs. Furthermore, multiple-day wireless pH monitoring might be 

a more appropriate diagnostic tool for patients with nocturnal reflux symptoms 

because of the high night-to-night variability.23 We opted for pH-impedance 

monitoring as it has the advantage to also study weakly acidic reflux, improving 

the yield of reflux monitoring.   
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The recent ACG Clinical Guideline on GERD and the ESNM/ANMS consensus paper 

for the diagnosis and management of GERD recommends sleeping on the left 

side as part of the lifestyle modification.24, 25 We have previously demonstrated 

that sleep positional therapy effectively alleviated nocturnal reflux symptoms.6 

The results of this study indicates that sleep positional therapy also improves 

pH-impedance parameters, adding to the evidence that this novel therapy is a 

valuable addition to the GERD treatment regime. 

Conclusion
Sleep positional therapy using an electronic wearable device promotes sleeping in 

the left lateral decubitus position and improves reflux parameters measured by 

pH-impedance reflux monitoring. 
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Supplemental Material
Supplemental methods A – HRM and pH-impedance protocol

All patients underwent stationary esophageal high-resolution manometry (HRM) 

and 24-hour pH-impedance recording. The use of gastric acid-inhibitory drugs 

and drugs that might influence gastrointestinal motility was discontinued 7 days 

before the study. HRM was performed according to standardized protocol and 

evaluated using Chicago Classification 3.0.1,2 HRM was performed after a 4-hour 

fasting period and discontinuation of medication that could affect esophageal 

peristalsis or lower esophageal sphincter pressure. After the HRM, a combined 

pH-impedance catheter (Unisensor, Laborie, Enschede, the Netherlands) was 

placed transnasaly based on the manometric findings. The catheter contains six 

impedance sites located at 2–4 cm (Z6), 4–6 cm (Z5), 6–8 cm (Z4), 8–10 cm (Z3), 

14–16 cm (Z2), and 16–18 cm (Z1) proximal to the LES, as well as  an antimony 

pH electrode located 5 cm above the LES. Impedance and pH data was stored 

on a digital data logger (Ohmega, Laborie, Enschede, the Netherlands) using a 

sampling frequency of 50 Hz for impedance and 1 Hz for pH.
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Supplemental methods B – Questionnaires

Reflux Disease Questionnaire (RDQ): A 12-item questionnaire to obtain information 

on the current severity and frequency of reflux symptoms (heartburn, regurgitation 

and dyspepsia).1 The RDQ uses a six-graded Likert scale, where 0 represents the 

most positive option and 5 the most negative one on frequency and intensity of 

the symptoms. The GERD, dyspepsia, heartburn and regurgitation sub dimension 

scores were calculated as the means of all frequency and intensity scores for the 

respective sub dimension.
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The Nocturnal Gastroesophageal Reflux Disease Symptom Severity and Impact 

Questionnaire (N-GSSIQ): The N-GSSIQ is a validated 20-item questionnaire 

measuring the severity, morning impact and concern about nocturnal GERD over 

the past 2 weeks.2 The N-GSSIQ is comprised of three subscales: Nocturnal GERD 

Symptom Severity (13 questions, score range 0–65), Morning Impact of Nocturnal 

GERD (2 questions, score range 0–10), and Concern about Nocturnal GERD (5 

questions, score range 0–20). The total N-GSSIQ score was calculated as the sum 

of the scores of all items.3

The Pittsburgh Sleep Quality Index (PSQI): A 19-item questionnaire assessing 

various factors relating to sleep quality.4  For the purpose of this study, it was 

changed to assess the sleep quality over the past two weeks. The 19 items are 

grouped into seven component scores. The seven component scores are summed 

to calculate a global PSQI score, which has a range of 0-21. A higher score indicates 

a worse sleep quality; and a score above 5 is suspect for insomnia. 

Global assessment of nocturnal reflux symptoms. At the end of the study, patients 

were asked in the questionnaires: ‘’Compared to the start of the treatment, 

how would you rate your nocturnal reflux complaints now?: Completely better, 

considerably better, slightly better, no change, slightly worse, considerably worse 

or much worse?’’ 
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development and validation of a Nocturnal Gastro-oesophageal Reflux Disease 
Symptom Severity and Impact Questionnaire for adults. Aliment Pharmacol Ther. 
2010;32(4):591-602.

3. Fass R, Johnson DA, Orr WC, Han C, Mody R, Stern KN, et al. The Effect of Dexlansoprazole 
MR on Nocturnal Heartburn and GERD-Related Sleep Disturbances in Patients With 
Symptomatic GERD. Official journal of the American College of Gastroenterology | ACG. 
2011;106(3).

4. Buysse DJ, Reynolds CF, 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep 
Quality Index: a new instrument for psychiatric practice and research. Psychiatry 
research. 1989;28(2):193-213.



Chapter 6

116

Supplemental methods C – Sample size calculation

A sample size calculation was performed using nQuery advisor (version 7.0). We 

extracted data from previous studies that examined the effect of body position on 

esophageal acid exposure.1-3. In a study with 10 healthy subjects measuring post-

prandial acid exposure, the median esophageal acid exposure was significantly 

different between the right lateral position (7.0%, 4.0-13.5) and the left lateral 

position (2.0%, 0.2-3.1).1 A different study using 10 GERD patients, the esophageal 

acid exposure in spontaneous body position was compared. The median 

nocturnal acid exposure time in left lateral position (0.9%, 0-4.5) was significantly 

lower than the right lateral position (18.1%, 7.4-44.41).2  These studies concluded 

a big difference between the body positions, which is expected due to the post-

prandial measurement and spontaneous body positions. A more similar study has 

shown that positional therapy for two weeks, using a cushion that stimulates lying 

in the left lateral decubitus position, significantly reduces the mean recumbent 

esophageal acid exposure (right 4.59% vs left 0.46%).3 Combining these data, we 

performed the following sample size calculation for a one-group paired t-test: null 

hypothesis mean =5%, alternative mean =3.5%, standard deviation 3% with an 

effect size of 0.5. The sample size required to achieve 80% power, with a predefined 

significance level of 0.05, was estimated at 27. Considering a maximum dropout of 

10%, 30 needed to be included. 
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Supplemental results D – Results of questionnaires
Baseline End of study

N-GSSIQ score [mean, SD]
Symptom severity 22.2 ± 12.8 18.3 ± 13.9 p = 0.183
Morning impact 4.7 ± 2.8 4.3 ± 2.0 p = 0.278
Concern 11.1 ± 5.5 9.9 ± 5.8 p = 0.193
Total score 38.0 ± 18.6 32.5 ± 19.4 p = 0.150
RDQ [median, IQR]
Heartburn dimension 2.8 (0.8-4.0) 2.8 (0.8-4.0) p = 0.699
Regurgitation dimension 2.3 (1.0-3.3) 1.5 (0.8-3.8) p = 0.441
Dyspepsia dimension 2.0 (0.0-3.3) 2.0 (0.0-3.5) p = 0.793
GORD dimension 2.9 (1.4-3.5) 2.0 (1.0-3.8) p = 0.939
PSQI [median, IQR]
Subjective sleep quality 1.0 (1.0-2.0) 1.0 (1.0-2.0) p = 0.317
Sleep latency 1.0 (1.0-2.0) 1.0 (1.0-3.0) p = 0.942
Sleep duration 1.0 (0.0-1.0) 1.0 (0.0-1.0) p = 0.739
Sleep efficiency 1.0 (0.0-3.0) 2.0 (0.0-3.0) p = 0.971
Sleep disturbance 2.0 (1.0-2.0) 2.0 (1.0-2.0) p = 1.000
Use of sleep medication 0.0 (0.0-0.0) 0.0 (0.0-0.0) p = 0.257
Daytime dysfunction 1.0 (1.0-2.0) 1.0 (1.0-2.0) p = 0.635
Total PSQI score 8.0 (5.0-12.0) 8.0 (5.0-12.0) p = 0.512
Global assessment of nocturnal reflux symptoms [n, %]
Completely better 0 (0)
Considerably better 9 (33.3)
Slightly better 10 (37.0)
No change 4 (14.8)
Slightly worse 0 (0)
Considerably worse 3 (11.1)
Much worse 1 (3.7)

N-GSSIQ; The Nocturnal Gastroesophageal Reflux Disease Symptom Severity and Impact 
Questionnaire, RDQ; Reflux Disease Questionnaire, PSQI; The Pittsburgh Sleep Quality Index.


