
© 2022 Saudi Journal of Gastroenterology | Published by Wolters Kluwer ‑ Medknow 355

Relationship between untreated obstructive sleep apnea and 
breath hydrogen and methane after glucose load

Dae Bum Kim*, Chan‑Soon Park1*, Chang Nyol Paik, Yun Jin Kang1, Ik Hyun Jo, Ji Min Lee
Departments of Internal Medicine and 1ORL-HNS, College of Medicine, St. Vincent’s Hospital, The Catholic University of Korea, Seoul, 

Korea 
*Both authors are first authors to this work.

Original Article

INTRODUCTION

Small intestinal bacterial overgrowth (SIBO) is defined as 
an increase in the number of  bacteria in the small bowel, 

causing intestinal symptoms of  chronic abdominal pain, 
bloating, diarrhea, flatulence and/or constipation. It could 
be related with several gastrointestinal disorders, such as 
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celiac disease, inflammatory bowel disease like Crohn’s 
disease, chronic liver disease, or functional gastrointestinal 
disorder (FGID) with irritable bowel syndrome (IBS).[1–3] 
An underlying pathophysiologic condition that alters the 
intestinal transit or loss of  defense mechanism against 
bacteria can predispose patients to SIBO.[4] Recently, a 
non‑invasive hydrogen (H2) and methane (CH4) breath test 
has been preferred for diagnosis of  SIBO because of  its 
simplicity and lower expense.

The characteristics of  obstructive sleep apnea (OSA) are 
recurrent upper airway obstruction while sleeping, which 
causes fragmentation of  sleep, recurrent hypoxia, and 
dysfunction of  the autonomic nervous system (ANS). 
Because obstructive sleep apnea syndrome (OSAS), defined 
as an apnea–hypopnea index (AHI) of  >5 and excessive 
daytime sleepiness was reported to occur in 6% of  men 
and 4% of  women, it is regarded as a significant public 
health issue.[5] Emotional and physiological stress from 
repetitive respiratory events during sleep, intermittent 
hypoxia, desaturation, fragmented sleep and altered 
autonomic balance might be associated with uncontrolled 
hypertension, type 2 diabetes, heart failure and stroke or 
functional bowel disorders including IBS, in patients with 
OSA.[6–8]

Recently intestinal dysbiosis has been reported to be linked 
to OSA.[9–12] Patients with restless leg syndrome, which 
leads to disrupted sleep, showed a higher prevalence of  
SIBO,[11,12] which is closely associated with functional 
gastrointestinal disorders, including IBS. Although the 
evidence of  pathophysiology in human studies is still 
limited, an animal model of  sleep apnea postulated 
that the mechanism is believed to be hypoxia‑induced 
inflammation.[10] Because OSA can also affect the ANS 
to modulate the gastrointestinal motility, it might play a 
pivotal role in brain‑gut‑microbiome axis.

The association between SIBO and OSA is rarely reported. 
We hypothesize that ANS and desaturation/hypoxia from 
the respiratory events in OSA patients could be related to 
the presence of  SIBO. We endeavored to prospectively 
survey the characteristics of  patients with OSA and the risk 
factors of  the SIBO in patients with OSA using physical 
examination, polysomnography (PSG), and glucose breath 
test (GBT).

PATIENTS AND METHODS

The protocol was approved by the Institutional Review 
Boards of  St. Vincent’s hospital, Catholic University of  
Korea (VC18OESI0079) on 24th April 2018. The study 

was conducted in compliance with the Declaration of  
Helsinki. A written informed consent was received from 
all the participants before inclusion in the study.

Study population
This prospective study was performed from January 2019 
to December 2019, at a teaching hospital of  St. Vincent’s 
Hospital, the Catholic University School of  Medicine. 
We enrolled symptomatic OSA patients diagnosed using 
full‑attended PSG with the patients undergoing the Berlin 
questionnaire, Epworth sleepiness scale, and examination 
of  the ear, nose, and throat. The subjects voluntarily 
participated in the study, and all were ≥18 years of  age, 
without any history of  organic gastrointestinal diseases. 
The patients who were treated with antisecretory agents 
such as histamine (H)2 receptor blockers or proton pump 
inhibitors, antibiotics, probiotics, prokinetics, narcotics, 
laxatives, bulking agents, or antidiarrheal agents within the 
previous four weeks; and those with renal insufficiency, 
major psychiatric problem, liver disease, connective tissue 
disease, hearing disturbance, thyroid disease, gastrointestinal 
disease, masticatory dysfunction, and incomplete data, or 
those who had underwent colonoscopy within the last 
three months, were also excluded. In addition, the subjects 
with previous history of  gastrointestinal and gynecologic 
surgery except appendectomy using laparoscopy were 
excluded.[3]

Study design
All patients were surveyed for demographics, bowel 
symptom questionnaire, and GBT, immediately followed 
by the PSG study.

Polysomnography
Overnight, full‑attended PSG was performed with the 
help of  RemLogic‑E version 3.4.1 software and Embla 
N7000/S7000 hardware (Embla Systems, Inc., Brawfield, 
CO, USA) in the hospital. During the PSG test, 13 
sensors were used to measure the biological signals: six 
electroencephalogram (EEG) electrodes (F3, F4, C3, C4, 
O1, O2), two electrodes for electrooculogram, a single 
electrocardiography lead II and torso electrode, three 
electrodes on chin for electromyogram, two electrode 
sensors on both anterior tibial muscles for leg movements, 
on the left and right sides and body position sensors. 
An oral thermistor, a nasal pressure transducer, a pulse 
oximeter, belts for thoracic and abdominal respiratory 
plethysmography and a sensor for snoring were used 
to monitor respiratory events during sleep. Two sleep 
technicians initially scored data for PSG, and subsequently, 
a sleep specialist reviewed the data. The data for respiratory 
events, movements, arousals, sleep stages and sleep‑related 
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events index were evaluated based on the criteria of  the 
American Academy of  Sleep Medicine (AASM) Scoring 
Manual version 2.4.[13] Respiration events were scored 
as follows: Apnea was defined as the decrease in peak 
signal excursion by ≥90% of  the pre‑event baseline 
for ≥10 seconds through an oronasal thermal sensor or 
nasal cannula pressure transducer; hypopnea was defined 
as the decrease in the peak signal excursions by ≥ 30% of  
the pre‑event baseline for ≥10 seconds through a nasal 
cannula pressure transducer with a desaturation of  ≥3% 
or EEG arousal. The AHI was stated as the number of  
hypopneas and apneas per hour during total sleep time. 
OSA was stated as an AHI score of  >5 and the presence 
of  clinical symptoms, or an AHI score of  >15.

Glucose breath test
Glucose H2–CH4 breath test was used for the diagnosis of  
SIBO. The patients were presented to the gastroenterology 
clinic after a minimum of  12 hours of  fasting before 
the test. Physical exercise was not allowed during the 
test, starting two hours before the test. Patients were 
recommended to wash their mouth with 20 mL of  0.05% 
chlorhexidine 30 minutes before the breath test. The end 
expiratory breath samples were collected at baseline after 
ingestion of  75 gm of  oral glucose solution (DIASOL‑S 
SOLN, Tae Joon Pharma, Seoul, Korea) and then for 
120 minutes at every 10‑minute interval. Breath tests of  the 
samples were performed each time by gas chromatography 
equipment (Quintron BreathTracker SC; Quintron 
Instrument Company, Milwaukee, WI, USA).

Definition of SIBO and assessment of intestinal 
symptoms
A positive GBT was defined and classified as follows[14]: (1) 
an increase in H2 concentration of  more than 
12 ppm above baseline within 90 minutes or baseline 
H2 ≥ 20 ppm (GBT (H2) + group), and (2) an increase in CH4 
concentration of  more than 12 ppm above baseline within 
90 minutes or baseline CH4 level ≥20 ppm (GBT (CH4) + 
group). The GBT (mixed) + group was defined when both 
conditions (1) and (2) were met. All participants completed 
the bowel symptom questionnaire. The validated version 
of  the IBS Quality of  Life questionnaire was based on 
Rome IV criteria, together with additional questions about 
gastrointestinal symptoms.[15,16] Besides, 13 questions 
related to various gastrointestinal symptoms experienced 
in the last four weeks were included. Information on bowel 
symptoms of  discomfort, pain, hard or lumpy stools, 
loose or watery stools, straining during bowel movements, 
bowel urgency, mucus passing during bowel movements, 
abdominal fullness and bloating or swelling, flatus, chest 
pain or heartburn, the feeling of  being full soon after a 

meal, urinary frequency, and nausea was collected. The 
severity of  symptoms was estimated by the total symptom 
score, defined by the cumulative scores of  event frequency 
and intrusiveness. The frequency and intrusiveness of  
each symptom were evaluated by each patient using a 
seven‑point scale from 0 to 6. Since the total symptom 
score was defined as the sum of  the symptom frequency 
and intrusiveness scores, the range of  a score by each 
symptom was 0–12.

Statistical analyses
Clinical demographic evaluations included were according to 
the presence of  SIBO. The profiles of  breath H2 and CH4 in 
patients with OSA were compared with those of  historically 
healthy controls without any functional gastrointestinal 
symptoms or organic diseases who were previously 
registered in the determination of  normal GBT value at 
the Catholic University of  Korea, School of  Medicine.[2] 
During the study, we confirmed by phone that controls 
had no history of  sleep disturbances. Statistical Package for 
the Social Sciences (SPSS) version 20.0 for Windows (SPSS 
Inc., Chicago, IL, USA) was used for statistical analyses. 
Categorical variables are expressed as quantities and analyzed 
using χ2 tests or Fisher’s exact test, whereas continuous 
variables are presented as mean ± standard deviation (SD) 
and were analyzed using student’s t‑test. Multiple stepwise 
logistic regression analysis was used to identify independent 
factors correlated with the existence of  SIBO. A P value of  
less than 0.05 was considered significant for all tests. The 
risk factors with P value less than 0.15 in univariate analysis 
were used for variables in multivariate analysis.

RESULTS

Study population
Fifty‑six patients with OSA were enrolled in the study. Four 
subjects were excluded from the analysis due to a sample 
error. Finally, 52 patients were included in this study. Among 
the participants, the mean age was 49.9 (range, 24–75) 
years, and 11 patients (21.2%) were women. Twelve 
patients (23.1%) were diagnosed with IBS.

Comparison of GBT and SIBO in OSA patients and 
healthy controls
Among 52 patients with OSA, 16 (30.8%) were included 
in the positivity to GBT; 10 (62.5%) with H2 excretors, 
2 (12.5%) with CH4 excretors, and 4 (25.0%) with mixed 
excretors. The significant differences were shown in the 
exhaled H2 or CH4 at all the time points, between patients 
with OSA and controls [Figure 1]. There was no significant 
difference except a trend in GBT positivity between patients 
with OSA and controls (30.8% vs 13.3%, P = 0.109).
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Clinical characteristics and bowel symptoms according 
to the presence of SIBO
There were no differences between GBT‑positive and 
GBT‑negative groups with regard to demographics except 
for the waist‑to‑hip ratio (WHR) (P = 0.043) [Table 1]. 
Among bowel symptoms score, the total symptom score of  
flatulence alone was significantly higher in the GBT‑positive 
group than in the GBT‑negative group (5.75 ± 2.11 vs 
3.83 ± 2.74, P = 0.016) [Figure 2].

Parameters of PSG and heart rate variability according 
to the positivity to GBT
Among PSG parameters, only the parameter of  rapid eye 
movement (REM) (%) was significantly lower in GBT‑positive 
patients than in GBT‑negative patients [Table 2]. After the 
patients were divided into four subgroups according to 
GBT positivity and REM20 (the number of  subjects ≤20%, 
or >20% of  their REM sleep duration), there was no 
significant difference among the four subgroups, although 
there was a trend based on GBT positivity (P = 0.105). 
For parameters of  heart rate variability (HRV), significant 
differences were shown in the value of  SD of  N–N 
intervals (SDNN), mean of  the SDs of  all the N–N 
intervals for each five‑minute segment (SDNN index) or 
low frequency (LF), and a trend was observed in the ratio 
of  low frequency to high frequency (LF/HF) between 
GBT‑negative and ‑positive subjects, respectively [Table 3]. 
Multivariate analysis with covariates such as WHR, REM (%), 
flatulence, SDNN, and LF (or LF/HF) showed that WHR 
and LF/HF were significant independent factors for GBT 
positivity in patients with OSA [Table 4].

DISCUSSION

The current study showed that elevated breath H2 or CH4 
after glucose load might be related to untreated OSA 
patients. It appears to be closely related to the reduced 
REM sleep duration and the affected HRV seen in OSA 

patients. To our knowledge, this is the first study to evaluate 
the effects of  OSA or sleep on the result of  GBT indicating 
the status of  SIBO.

In the present study, 30.8% of  patients with untreated 
OSA had positivity to GBT. SIBO is defined as the 
excessive amounts of  bacteria in the small intestine. The 
small bowel shows an inherent defense mechanism against 
bacterial overgrowth that sweeps the bacteria from the 
small bowel to the colon. Motility disorders secondary to 
inflammation, neuropathy and autonomic nervous system 
alterations may disrupt this protective mechanism and serve 
as important contributors to SIBO. Although the exact 
mechanism is not well known, sleep disturbance might 
affect the enteric nervous system and immune system. 
Sleep is related to the enteric nervous system that controls 
gastrointestinal transit and pro‑inflammatory cytokines that 
affect the sleep–wake cycle, which has been associated with 
gastrointestinal motility disorders such as IBS.[17–19] IBS is 
a representative disease which is considered to be a partial 

Figure 1: Flowchart of breath hydrogen and methane profiles during 
glucose breath test in patients with obstructive sleep apnea and controls

Table 1: Clinical characteristics according to the presence of 
SIBO
Variable SIBO (n=16) Non‑SIBO (n=36) P

Age, yrs 50.6±11.2 49.5±11.8 0.755
Male, n (%) 13 (81.3) 29 (77.8) 0.777
BMI, kg/m2 28.7±6.3 27.0±4.2 0.246
Body fat percentage 30.8±8.4 28.4±6.7 0.288
WHR

M≤0.9, F≤0.85 2 15 0.043
M>0.9, F>0.85 13 20

Visceral fat area 120.3±48.3 98.9±38.0 0.099
Diabetes, n (%) 2 (12.5) 5 (13.9) 0.892
Hypertension, n (%) 3 (18.8) 12 (33.3) 0.284
Smoking, n (%) 2 (12.5) 12 (30.6) 0.165
Alcohol, n (%) 7 (43.8) 21 (58.3) 0.330
IBS, n (%) 4 (25.0) 8 (22.2) 0.826

SIBO, Small intestinal bacterial overgrowth; BMI, Body mass index; 
WHR, Waist‑to‑hip ratio; IBS, Irritable bowel syndrome. *Data are 
expressed as mean±SD or number (%)

Figure 2: Total symptom scores of individual intestinal symptoms 
according to small intestinal bacterial overgrowth
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cause of  SIBO.[20,21] Therefore, it can be cautiously inferred 
that SIBO is associated with sleep disorders. Furthermore, 
future research is expected to reveal what specific effects 
OSA and SIBO have on each other, and which causes and 
effects, through pathophysiological studies. The positivity 
to GBT did not differ between controls and OSA patients. 
A potential limitation of  this study was the use of  historical 
controls. This is not a well‑matched case–control study 
with small number of  historical controls. The number of  
historical controls, which is less than the cases, may affect 
the result. However, the positivity to GBT in historic 
controls is consistent with that in other studies,[22–25] and the 
positivity to GBT of  30.8% in OSA patients were similar 
to that of  31.9% in patients with functional gastrointestinal 
disorders known to be related with enteric bacteria in its 
pathogenesis.[26,27] In addition, intestinal bacteria may be 
associated with OSA based on significantly higher profiles 
of  both breath H2 and CH4 during GBT in patients with 
OSA. The failure to accurately evaluate OSA by PSG and 
to perform detailed demographic investigation in controls 
surveyed in the past should possibly be considered to 
interpret the above result. However, there are many reports 
that state that the prevalence of  OSA is 2%–4%,[28,29] so 
even if  there were OSA in controls, only a small percentage 
of  OSA patients would have been in the control group, 
and we confirmed by phone that controls had no clinical 
history of  sleep disturbance. Nevertheless, further research 
is needed to verify the diagnosis of  bacterial overgrowth 
by GBT using well‑designed controls.

WHR, known as a relevant obesity index, is an independent 
factor for GBT positivity in patients with untreated OSA. 
Although it is debatable, there is a link between SIBO 
and obesity.[30,31] Generally, body mass index (BMI) is a 
valid indicator of  global obesity, although WHR is used 
to assess central obesity. Interestingly, GBT positivity was 
not associated with BMI, though it was independently 
associated with WHR, indicating regional central obesity 
in the study. Recent reports[31,32] revealed that IBS or 
SIBO correlated with obesity, with altered bowel motility 
as a suggested pathophysiology, but was not associated 
with BMI, consistent with the result of  this study. 
It is already well known that OSA is associated with 
obesity.[33] Flatulence was associated with SIBO in the study. 
Flatulence, together with signs of  abdominal distension, 
might affect increased WHR in SIBO‑positive patients. We 
need to study it further to determine the direct correlation 
between GBT positivity and WHR in a large number of  
enrolled subjects with obesity.

The changes in sleep could occur with age, although 
REM sleep is usually 20%–25% of  total sleep in healthy 
young adults and is well maintained in the healthy 
elderly.[34] However, patients with untreated OSA usually 
show distinct characteristics such as fragmented sleep 
architecture, reduced REM or slow wave sleep, abnormal 
HRV and increases in respiratory index such as AHI, 
RDI and lowest oxygen saturation. These abnormalities 

Table 2: The parameters of polysomnography according to 
the presence of SIBO
Variable SIBO (n=16) Non‑SIBO (n=36) P

 AHI 43.8±29.7 44.2±24.9 0.961
RDI 44.1±29.4 44.5±24.8 0.957
Apnea index 20.2±25.3 21.3±24.1 0.883
Hypopnea index 23.6±20.2 24.1±15.1 0.919
Oxygen desaturation events 38.6±31.3 55.6±115.8 0.568
Supine RDI 41.2±24.7 46.6±26.3 0.489
REM (%) 14.7±8.7 20.2±7.1 0.021
REM20, n (%)
≤20 11 (68.8) 16 (44.4) 0.105
>20 5 (31.2) 20 (55.6)

AHI REM index 42.7±23.6 44.1±24.6 0.853
Mean oxygen saturation 93.5±3.4 94.3±2.7 0.333
Lowest oxygen saturation 78.6±9.7 79.2±7.9 0.797
T90 (min) 56.8±89.4 42.2±61.5 0.498
AD/TST (%) 16.2±24.0 15.9±19.0 0.964
HD/TST (%) 16.0±12.5 17.7±11.0 0.619
Respiratory arousals 2.6±2.8 3.3±3.9 0.516
Spontaneous arousals 6.4±6.5 4.4±3.3 0.246
Total arousals index 46.9±20.9 42.9±21.3 0.527

SIBO, Small intestinal bacterial overgrowth; AHI, Apnea–hypopnea 
index; RDI, Respiratory disturbance index; REM, Rapid eye movement 
sleep; REM20, A number of subjects below their REM sleep duration 
percentage of 20%; T90, Total sleep time in oxygen saturation <90%; 
AD, Apnea duration; TST, Total sleep time; HD, Hypopnea duration. 
Data are expressed as mean±SD or number (%)

Table 3: The parameters of heart rate variability during 
polysomnography according to the presence of SIBO
Variable SIBO (n=16) Non‑SIBO (n=36) P

HRV 28.9±36.0 15.0±5.5 0.175
SDNN 101.7±33.8 76.4±20.0 0.025
SDNN index 76.5±31.8 55.0±18.2 0.039
RMSSD 62.4±49.9 40.6±25.5 0.162
pNN50 12.3±12.8 7.5±6.3 0.221
VLF 22,719.4±15,892.0 16,273.9±11,227.6 0.157
LF 16,543.2±12,452.3 9248.8±6934.5 0.041
HF 4424.1±2367.0 4823.2±4064.2 0.717
LF/HF 4.3±4.6 2.4±1.5 0.118

SIBO, Small intestinal bacterial overgrowth; HRV, Heart rate 
variability; SDNN, Standard deviation of N–N intervals; SDNN index, 
Mean of the standard deviations of all the N–N intervals for each 
five‑minute segment; RMSSD, Square root of the mean of the squared 
differences of adjacent N–N intervals; NN50 count, Number of pairs 
of adjacent N–N intervals more than 50 ms; pNN50, Rate of NN50 
in total number of N–N intervals; VLF, Very low frequency; LF, Low 
frequency; HF, High frequency; LF/HF, Ratio of low frequency to high 
frequency. Data are expressed as mean±SD

Table 4: Factors associated with small intestinal bacterial 
overgrowth on multivariate analysis

Beta SE beta Odd ratio (95% CI) P

Waist‑to‑hip ratio 2.556 1.188 12.889 (1.257–132.200) 0.031
LF/HF 0.390 0.192 1.48 (1.013–2.151) 0.042

WHR, Waist‑to‑hip ratio; LF/HF, Ratio of low frequency to high 
frequency
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in respiration, sleep architecture and autonomic nervous 
systems improve with continuous positive airway pressure. 
A meta‑analysis showed that a significant increase in the 
percentage of  REM sleep duration was shown during 
titration of  continuous positive airway pressure compared 
with baseline sleep study in 11 of  14 studies.[35] This could 
suggest that reduced REM sleep in patients with untreated 
OSA may be associated with respiratory events, fragmented 
sleep and repetitive arousals due to respiratory events.

There have been some studies on the relationship between 
sleep and gastrointestinal motility disorders, which has 
shown inconsistent results.[36,37] The percentage of  REM 
sleep was prominently increased in IBS patients compared 
with that in controls,[38] which was contrary to our results 
that reduced REM was closely associated with the presence 
of  SIBO. This might be because most participants in the 
previous study were non‑OSA status, contrary to this 
study with OSA patients, which could show contradictory 
expression of  REM. No significant difference was 
found in AHI during REM sleep (REM AHI) between 
GBT‑positive and ‑negative groups, whereas there were 
statistically significant differences in REM (%) or trend 
in REM20 in univariate analysis. Moreover, multivariate 
logistical analysis showed that reduced REM sleep duration 
percentage was independently related to GBT positivity. 
One can speculate that the percentage of  REM sleep might 
be a more important factor to the presence of  SIBO than 
hypoxia during REM sleep.

The pathophysiological mechanism for the correlation 
between SIBO and sleep deprivation is not clear, although 
it could be deduced from research on the role of  dominant 
sympathetic functioning in IBS. The evaluation of  
beat‑to‑beat variation of  heart rate has been known to be an 
indicator of  the function of  the autonomic nervous system 
to control HRV by both vagal and sympathetic activity.[39,40] 
Thompson et al.[36] reported that IBS patients had increased 
LF levels, greater sympathetic dominance with elevated 
LF/HF ratio, and greater sympathetic dominance because 
of  vagal withdrawal. Our results demonstrate that SDNN, 
SDNN index and LF were higher in GBT‑positive patients 
in univariate analysis. Moreover, we found a relationship 
between LF/HF and GBT positivity in the multivariate 
analysis. Accordingly, SIBO might be associated with 
altered autonomic balance with sympathetic dominance, 
represented by HRV in OSA patients. Nevertheless, we 
need to study further with a larger number of  patients to 
validate this data.

In conclusion, elevated breath H2 or CH4 after glucose 
load might not be an uncommon finding in patients 

with untreated OSA. Central obesity and autonomic 
dysfunctions with increased sympathetic dominance, which 
are common findings in patients with OSA, might increase 
the risk of  SIBO. Further studies are needed to elucidate the 
role of  SIBO in patients diagnosed with untreated OSA by 
demonstrating the potential response to pharmacological 
treatment for SIBO.
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