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Abstract
Introduction—Whether intestinal dysmotility and proton pump inhibitor (PPI) use either
independently or together contributes to small intestinal bacterial overgrowth (SIBO), and/or small
intestinal fungal overgrowth (SIFO) is not known.

Aim—Investigate the role of dysmotility and PPI use in patients with persistent gastrointestinal
complaints.

Methods—Patients with unexplained gastrointestinal symptoms and negative endoscopy/
radiology tests completed a validated symptom questionnaire and underwent 24-hour ambulatory
antro-duodeno-jejunal manometry (ADJM). Simultaneously, duodenal aspirate was obtained for
aerobic, anaerobic and fungal culture. Dysmotility was diagnosed by (> 2): absent phase III MMC,
absent/diminished postprandial response, diminished amplitude of antral/intestinal phasic activity,
impaired antro-duodenal coordination. Bacterial growth ≥103 CFU/mL or fungal growth was
considered evidence for SIBO/SIFO. PPI use was documented. Correlation of symptoms with
presence of SIBO or SIFO were assessed.

Results—150 subjects (M/F=47/103) were evaluated; 94/150 (63%) had overgrowth: 38/94
(40%) had SIBO, 24/94 (26%) had SIFO, and 32/94 (34%) had mixed SIBO/SIFO. SIBO was
predominately due to Streptococcus, Enterococcus, Klebsiella, and E. coli. SIFO was due to
Candida. 80/150 (53%) patients had dysmotility and 65/150 (43%) used PPI. PPI use (p=.0063)
and Dysmotility (p=.0003) were independent significant risk factors (p<0.05) for overgrowth, but
together did not pose additional risk. Symptom profiles were similar between those with or
without SIBO/SIFO.

Conclusions—Dysmotility and PPI use were independent risk factors for SIBO or SIFO and
were present in over 50% of subjects with unexplained gastrointestinal symptoms. Diagnosis of
overgrowth requires testing because symptoms were poor predictors of overgrowth.
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INTRODUCTION
There is growing recognition that the intestinal microbiome could play an important role in
the pathogenesis of gastrointestinal symptoms. Additionally previous studies have
implicated abnormal small bowel motility in the pathogenesis of small intestinal bacterial
overgrowth (SIBO) 1, 2.

The normal motility of the upper gut consists of organized, repetitive migrating movements
(Migrating Motor Complexes- MMCs).2,3 If the normal nerve and muscle function of the
gut is disrupted, then two major subtypes of small intestinal dysmotility, notably myopathy
(predominant muscle dysfunction) or neuropathy (predominant neuronal dysfunction) have
been described2,3. Vantrappen et al. reported that the MMC patterns were abnormal in 5/12
patients with bacterial overgrowth2 suggesting a relationship between altered microbiome
and gut dysmotility. Furthermore, Husebye et al. reported that abnormal MMC and burst
activity were strong predictors of gram negative bacterial growth in the small bowel4.

Gastric acid is another important barrier for the prevention of bacterial colonization of the
stomach and proximal small intestine5. By increasing the gastric pH, PPIs may facilitate the
survival and colonization of bacteria6. Hypochlorhydria has also been shown to contribute to
the proximal migration of more distally located bacteria in the GI tract7. Recently,
Lombardo et al. reported that SIBO, as diagnosed by the glucose hydrogen breath test,
occurs more frequently in PPI users than in healthy controls (50% vs. 6%), and in PPI non-
users (25%) with IBS7. They further showed that the prevalence of SIBO and the severity of
GI symptoms increased after one year of PPI use7. Husebye et al. suggested that an increase
of one pH unit in the small intestine corresponded to a 13.8% increase in small bowel
microbial counts4. These observations suggest that PPI therapy may have an effect on
bacterial concentrations in the small bowel. Although PPI use and dysmotility have been
suggested to be associated with SIBO, whether these factors independently or together
contribute to the pathogenesis of chronic, unexplained GI symptoms and small intestinal
bacterial overgrowth has not been systematically evaluated. Also, whether small intestinal
fungal overgrowth (SIFO) may play a role in the pathogenesis of GI symptoms has been
scarcely examined.

We tested the hypothesis that SIBO and/or SIFO are more likely to be prevalent in
symptomatic patients with either small intestinal dysmotility and/or those taking PPIs. Our
aim was to investigate the pathophysiologic role of gastrointestinal dysmotility and PPI use
in causing SIBO and/or SIFO in patients with chronic, unexplained GI symptoms by
performing prolonged 24 hour antro-duodenal-jejunal manometry and culture of duodenal
aspirate, and by examining the relationship of symptoms to these factors.

MATERIALS AND METHODS
We evaluated 150 consecutive patients who presented to a single gastroenterologist between
the years of 1995–2010. These subjects had unexplained gastrointestinal symptoms. All of
these patients had a negative evaluation for routine gastrointestinal pathology including a
normal gastroscopy, colonoscopy, CT scan, routine hematology and biochemical profiles,
anti-tTG, TSH, right upper quadrant ultrasound, and small bowel follow-through series.
Patients with known gastrointestinal problems including previous GI surgeries (except
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cholecystectomy, hysterectomy and appendectomy), and those who were using medications
that potentially affect intestinal motility (opioids, anticholinergics, antidiarrheals) and those
with significant co-morbid medical problems or those who were hospitalized were excluded.

The study was approved by University of Iowa Hospitals and Clinics Investigation Review
Board.

Symptom Questionnaire
A validated bowel symptom questionnaire was administered to all subjects prior to the
study8. It enquired about the presence or absence of the following ten symptoms in the
preceding two weeks: abdominal pain, chest pain, belching, bloating, fullness, indigestion,
nausea, diarrhea, vomiting, and gas. If present, patients were asked to rate each symptom’s
frequency, intensity, and duration on a 0–3 Likert-like scale. Intensity: 0= no symptoms, 1=
mild, 2= moderate, 3= severe symptoms. Frequency: 0= None; 1= Less than 1 episode/week,
2= 1 episode/week, 3= More than 1 episode/week. Duration: 0= None, 1= Less than 10
minutes, 2= 10–30 minutes, 3= Greater than 30 minutes. On this scale, the total score for
each symptom could range from 0–9. A mean total score for all 10 symptoms was calculated
for each patient.

Patients’ medications were documented and additionally the hospital electronic medical
record database was used to confirm the use of PPIs during their initial presentation and
during evaluation of their GI symptoms.

Antro-duodeno-jejunal Manometry (ADJM)
Manometric System—We used a 250 cm long elastic catheter that was custom-built with
6 solid state pressure transducers (Koningsberg Instruments, Pasadena, CA). The probe was
connected to a six-channel portable solid-state digital data-logger (MicroDigitrapper 4 Mb,
Medtronics; Minneapolis, MN) with a sampling frequency of 4 Hz, A-D conversion,
temporary storage up to 4 Mb. Upon completion of the study, data were downloaded to an
IBM-compatible personal computer for analysis (Gastrosoft version 6.3, Multigram,
Synectics Medical Inc.).

Study Protocol
Following an overnight fast, all subjects had an upper endoscopy. Next, using sterile
precautions, a 2mm Ligory catheter was passed through the biopsy channel of the upper
endoscope into the 3rd and 4th portions of the duodenum. Using gentle suction,
approximately 3–5mL of duodenal fluid was aspirated, and the specimen was sent to
microbiology for aerobic/anaerobic culture and fungal culture. Next, the nares were numbed
with 2% lidocaine gel and the 6-sensor solid-state manometry probe was placed under
endoscopic and fluoroscopic guidance such that 2 sensors (5 cm apart) were located in the
antrum, 2 sensors (15 cm apart) were located in the duodenum, and 2 sensors (15 cm apart)
were located in the jejunum.

The ambulatory recorder was placed in a shoulder bag and the patients were free to ambulate
throughout the study and slept at home. Six hours after probe placement, all patients ate a
600 kilocalorie standard meal consisting of a chicken sandwich, 6 oz. of milk, a cookie and a
banana. The nutrient composition was 52% carbohydrates, 25% protein and 23% fat. The
following morning they were instructed to wake up at 6 am. The motility recording was
continued until 11 am and thereafter the probe was removed. An event marker was attached
to the recorder, and the patients were encouraged to use this and mark the time of events
such as eating, walking, and sleeping or to indicate the occurrence of symptoms such as
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abdominal pain, passing flatus, etc. They were also provided with a diary, in which they
described any event(s) or symptom(s), and recorded its time and duration.

Data analysis
After completion of the recording, the data stored in the portable recorder was transferred to
a personal computer for visual display and analysis. Tracings were analyzed by visual
inspection for motility patterns such as phase III MMCs, and for quantitative assessment of
pressure activity such as area under the curve (AUC) of the pressure waves. Pressure waves
that occurred simultaneously in several channels with similar amplitude and duration of ≤ 3
seconds were identified as artifacts and excluded from the analysis. Phase III MMCs were
defined as propagating clusters of repetitive contractions with a frequency of 3/minute in the
antrum and 11–13/minute in the duodenum and with a duration of at least 3 minutes that was
followed by a period of motor quiescence. 3, 9–11 The pressure activity data from each of the
two sensors located in the antrum, duodenum, and jejunum were averaged and were used as
an overall index of motility for each segment.

Based on the manometric findings, we classified our patients as follows: 1) Normal motility
(with both normal frequency and intensity of pressure activity and coordination) 2)
Neuropathy (with normal frequency and intensity of pressure activity and lack of
coordination), 3) Myopathy (With normal frequency, low intensity of pressure activity and
normal coordination) and 4) Mixed (features of neuropathy and myopathy).3, 11

Furthermore, each patient was classified as having either dysmotility if they had two or more
of the following characteristics: absence of phase III MMC activity (neuropathy), absence/
diminished postprandial response (≤ 2 SD of normal), diminished amplitude of antral/
intestinal phasic activity (≤ 20 mm Hg), or impaired antro-duodenal
coordination10, 11(propagation of peristaltic waves between antrum and duodenal sensors).

Patients were considered to have small intestinal overgrowth if microbiology reported a
positive culture for either aerobic, anaerobic, or fungal organisms. Bacterial concentration
≥103 CFU/mL was considered as positive for SIBO. Additionally, we also assessed the
prevalence of bacterial concentrations ≥105 CFU/mL (used for jejunal samples12). Because
normally there is no fungus or very low concentrations of fungal organisms in the small
bowel13, a diagnosis of SIFO was made if the duodenal culture yielded growth of fungal
organisms.

Based on culture results, patients were categorized into four groups: SIBO, SIFO, mixed
SIBO/SIFO, and negative for proximal small bowel overgrowth. A second set of analysis
was done on two groups: overgrowth positive (patients with SIBO and/or SIFO) and
overgrowth negative (culture negative for bacteria and fungi).

PPI users consisted of patients that were taking PPIs at the time of their GI evaluation at our
center. PPI use was continued throughout their motility testing. The duration of PPI use and
patient compliance with PPI treatment regimen, prior to the onset of symptoms could not be
accurately assessed from our questionnaire. PPI users and PPI non-users were compared for
the presence or absence of overgrowth. In addition to questionnaire documentation of PPI
use an independent assessment of the patient’s chart was performed to confirm/refute PPI
use.

The principal investigator (SSR) was not involved in the data analysis and interpretation of
study results and was blinded to study ID during discussion of study results. The data
analyses were performed independently by CJ and EC-A and verified by AA with assistance
from JV.
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Statistical Analyses
Fisher’s Exact Test was used for analysis. Individual contingency tables were constructed
for overgrowth versus dysmotility and overgrowth versus PPI use. Each individual subset of
culture data (SIBO, SIFO, and Mixed SIBO/SIFO) versus dysmotility and versus PPI use
was similarly analyzed. A p value <0.05 was considered to be significant. Comparative
analyses were performed for both the ≥ 103 and >105 CFU/ml bacterial concentration and
are described under the results section. However for the key discussion and analysis, the
data analyzed at a bacterial concentrations of > 103 CFU/ml was used. Odds ratios were
calculated for each significant contingency table. Symptom analysis was done by
constructing 2×2 contingency tables. Fisher exact test and odds ratios were obtained with
95% confidence intervals.

RESULTS
Demographics and Symptom Profiles

168 subjects (M/F=54/114; ages 17–82 years; average age 44) were evaluated. Eighteen
subjects were excluded; 6 because of incomplete motility studies or patient compliance with
manometry protocol; 6 other subjects who had motility studies but either failed to provide
information on PPI use or we could not clearly ascertain its use from their medical records;
and 6 other subjects because of incomplete culture data or suspected contamination. Thus,
150 subjects (M/F=46/104; ages 17–82 years; average age 43) were examined.

The mean (95% CI) duration of symptoms were not statistically different (p>0.05) between
the groups (SIBO= 58, 32–83 mo; SIFO 47, 27–66; Mixed= 56, 30–83; Negative= 53, 35–
71). Comorbid conditions in the study population included diabetes (13 subjects) (SIBO 6,
Mixed 1, Negative 4 and SIFO 2) and scleroderma (5 subjects) (SIBO 1, Mixed 1, Negative
2 and SIFO 1). BMI was not different among the groups (mean BMI in SIBO= 31; Mixed=
30, Negative= 31 and SIFO= 29 respectively).

Results for the mean baseline symptom scores are shown in Figures 1–2 and in Table 1. The
overall mean baseline total symptom scores were similar between those with SIBO and/or
SIFO and those with a negative culture (44 versus 42) (Figure 1). Subjects with SIBO and/or
SIFO had higher symptom severity scores for chest pain, belching, bloating, indigestion,
nausea, diarrhea, and gas, but lower scores for abdominal pain, fullness, and vomiting
(Table 1). The baseline mean total symptom scores for each of the four groups are as
follows: SIBO = 43; Mixed SIBO/SIFO = 42; SIFO = 48; and No overgrowth = 42, p=
>0.05. The mean scores for each symptom and for each group are shown in Figure 1. There
was no difference in the prevalence of symptoms between those who had a positive culture
for bacterial overgrowth or fungal overgrowth versus those who had a negative culture,
except for chest pain (p<0.05), probably inconsequential.

Prevalence of SIBO/SIFO
Based on a growth of bacterial concentration of ≥103 CFU/mL, we found that 94/150
(62.7%) patients were positive for overgrowth: 38/94 (40%) had SIBO, 24/94 (26%) had
SIFO, and 32/94 (34%) had mixed SIBO/SIFO (Figure 2). Based on a growth of bacterial
concentration ≥105 CFU/mL, 77/150 (51%) had overgrowth: 20/77 (26%) had SIBO, 40/77
(52%) SIFO, and 16/77 (20%) had mixed SIBO/SIFO (table 2).

When we compared the two bacterial concentrations ( >103 vs. >105), we found significant
difference in the prevalences of positive cultures for SIBO, 70/150 (103 CFU/mL) vs.
37/150 (105 CFU/mL) based on the presence of a positive culture (p=0.0001) as well as for
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the SIBO group alone (38/94(103 CFU/mL) vs. 20/73 (105 CFU/mL); p=0.007) and Mixed
SIBO/SIFO group (32/94 (103 CFU/mL) vs. 17/73 (105 CFU/mL); p=0.01). (Table 2)

The predominant aerobic bacterial organisms that were cultured included: alpha hemolytic
Streptococcus species (n= 32); non-hemolytic Streptococcus including Enterococcus and
Stomatococcus species (n= 10); Klebsiella species (n= 8); E. coli (n= 6); Neisseria sp (n= 5);
Staphlococcus sp (n= 4); and Enterobacter sp (n= 3). Eight patients had positive anaerobic
cultures including Veillonella sp (n= 5); Clostridium species (n= 1); Bacteroides (n= 1); and
Peptostreptococcus (n= 1). Fungal growth was predominately due to Candida species
(albicans or torulopsis).

The Effects of Dysmotility on Overgrowth
>103 Analysis—80/150 (53%) patients with chronic, GI complaints had dysmotility. 61/80
(76%) patients with dysmotility had small bowel bacterial and/or fungal overgrowth based
on bacterial growth of >103 CFU/ml. (Figure 3, Table 2). A significant relationship (p=
0.0003) was found between dysmotility and small bowel bacterial overgrowth, even when
controlling for PPI use. Patients with dysmotility had an odds ratio of 3.60 of having a small
bowel bacterial overgrowth than those with normal motility.

Dysmotility was an independent and significant predictor (p= 0.0003) for small bowel
bacterial overgrowth (SIBO and/or SIFO) (Figure 3, Table 2). Analyses done on each
separate group (SIBO, SIFO, and Mixed SIBO/SIFO vs. negative for dysmotility) were
found to be significant in the SIBO (p= 0.013) and Mixed SIBO/SIFO (p= 0.0001) groups.
However, dysmotility was not a significant predictor for SIFO alone (p= 0.14).

>105 Analysis—49/80 (61%) patients with dysmotility had small bowel and/or fungal
overgrowth based on bacterial concentration of >105 CFU/ml. A significant relationship (p=
0.005) was found between dysmotility and SIBO at this bacterial concentration threshold,
and even when controlling for PPI use (Table 2). Patients with dysmotility had an odds ratio
of 2.70 of having SIBO than those with normal motility.

Analyses done on each separate group (SIBO, SIFO, and Mixed SIBO/SIFO vs. negative for
dysmotility) were found to be significant in the Mixed SIBO/SIFO (p= 0.0003) but not
SIBO (p= 0.13) or SIFO (p= 0.17) groups.

The Effects of PPI Use on Overgrowth
103 Analysis—65/150 (43%) patients with chronic GI complaints were using PPIs. 49/65
(75%) patients on prolonged PPI therapy had small bowel bacterial and/or fungal
overgrowth (Figure 3, Table 2). There was a significant relationship (p= 0.0063) between
PPI use and small bowel bacterial overgrowth, irrespective of dysmotility. Patients taking
PPIs had an odds ratio of 2.72 of having a small bowel bacterial overgrowth than those who
were not taking PPIs.

PPI use (p= 0.0063) was an independent and significant predictor for small bowel bacterial
overgrowth (SIBO and/or SIFO) (Figure 3, Table 2). Analyses were also performed for each
separate group (SIBO, SIFO, and Mixed SIBO/SIFO vs. negative for PPI use) and were
found to be significant in the SIBO (p= 0.011) and Mixed SIBO/SIFO (p= 0.038) groups.
However, PPI use was not a significant predictor for SIFO alone (p= 0.197).

105 Analysis—40/65 (62%) patients on prolonged PPI therapy had SIBO or SIFO. There
was a significant relationship (p= 0.008) between PPI use and SIBO, irrespective of
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dysmotility. (Table 2) Patients taking PPIs had an odds ratio of 2.46 of having SIBO than
those who were not taking PPIs.

Analyses were also performed on each separate group (SIBO, SIFO, and Mixed SIBO/SIFO
vs. negative PPI use) and we found that there was a significant difference for the SIFO (p=
0.03) group and Mixed SIBO/SIFO (p= 0.03) group but not for the SIBO (p= 0.19) group.

DISCUSSION
In this study, we evaluated the effects of dysmotility and PPI use on small bowel bacterial
and fungal overgrowth by performing a comprehensive assessment in a cohort of patients
with chronic gastrointestinal symptoms without clear etiology and whose overlapping
symptom profiles could not be categorized based on traditional Rome criteria.

We found evidence for small intestinal bacterial and/or fungal overgrowth as defined by the
presence of increased numbers of bacteria or fungi in 63% of this patient population.
Furthermore, the majority of patients (76%) with dysmotility had SIBO, SIFO, or Mixed
SIBO/SIFO. Similarly, 75% of patients on PPI therapy had cultures that were positive for
bacteria and/or fungal organisms.

We found a higher prevalence of overgrowth in PPI users than those recently reported
[100/200 (50%)] by Lombardo et al.7 The higher yield in our study is most likely due to the
use of small intestinal aspirate and aerobic/anaerobic/fungal culture (generally considered a
gold standard, although invasive) for a diagnosis of overgrowth as opposed to the use of a
less sensitive glucose hydrogen breath test (sensitivity and specificity ranges are 20–93%
and 30–86%, respectively) in the previous studies14–17. Also glucose breath test cannot
diagnose SIFO.

Choung et al. found that patients taking PPIs more commonly had an abnormal culture result
than patients who were not taking PPIs, although there was no significant relationship at
bacterial concentrations ≥105 CFU/mL17. There was, however, a significant association
between PPI use and “indeterminate” bacterial concentrations (0 through less than 105 CFU/
mL) 17. They suggested that PPI use may be associated with a “low grade” form of SIBO. In
the present study, we used the bacterial concentration ≥103 CFU/mL, which is consistent
with the findings of Choung et al17. However, unlike their study, we did not find significant
differences in the yield of positive test for SIBO between the two bacterial concentrations.
Furthermore, the bacterial concentration at which patients may experience symptoms, in the
context of SIBO is not known.

Regarding the cut-offs for bacterial counts, we have provided data for both, the conventional
≥ 105 counts and for our proposed ≥ 103 counts. Although we found a significant difference
between the two bacterial concentrations for the prevalence of SIBO, even with the higher
bacterial concentration (>105CFU/mL), we found a significant association for the presence
of SIBO/SIFO with dysmotility and PPI use. This finding further attests to the validity of
these proposed risk factors. However, for most of the key data analysis and discussion, we
used the lower cut off values since we felt that this count may be more representative of the
normal bacterial concentration in the duodenum because of its close proximity to the acid
environment in the stomach than the higher cut-off that is typically used for any microbial
infection. Furthermore,, we wish to acknowledge that whether otherwise healthy subjects
have any bacteria or fungus in this duodenal segment and at count of 103 is not known. We
believe that further research regarding bacterial concentrations in different gut segments in
healthy subjects is needed.
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We hypothesized that the combined presence of two factors such as dysmotility and PPI use
may predispose to a higher prevalence of SIBO, but this was not the case, either because the
individual prevalence was moderately high or because of the heterogeneity of our patient
groups or that these two factors are independent and not related.

One novel finding of our study was the detection of fungal organisms in the 24 patients who
only had a positive culture for candida. Unlike SIBO, where there is some recent
information, there is virtually no data regarding normal concentrations of fungi in the
proximal small bowel. This may in part be due to the slow-growing nature of the fungal
organisms and also a lack of knowledge of this possibility. Although the concentration of
fungal overgrowth in the proximal bowel is considered to be very low13, we identified that
27% of our patients had positive fungal culture. This observation merits further study and
confirmation.

Although candida infections are usually seen in the neonatal, elderly, or
immunocompromised13, 18, 19 individuals or those on steroids, or repeated antibiotic use, our
findings suggest that fungal organisms are not uncommonly present in patients with chronic
GI complaints. In one study, candida was the most common organism identified in
nasogastric aspirates from the proximal GI tract of preoperative patients with GI disorders
(malignancy, inflammatory bowel disease, and benign conditions).20 Another study
identified fungal growth in stool cultures of six patients with diarrhea and abdominal pain.21

Apart from these anecdotal case reports, there has been no systematic study of the
prevalence and clinical presentation of small intestinal fungal organisms in patients with
chronic, unexplained GI symptoms.

The clinical manifestations of SIBO are non-specific and include symptoms such as gas,
bloating, abdominal pain, and diarrhea. More serious manifestations of bacterial overgrowth
of the small bowel include malabsorption syndromes, weight loss, malnutrition, vitamin
deficiency, and anemia22. Symptoms of SIFO are however not known but based on our
study we believe that SIFO shares the same set of symptoms as SIBO. Our study was unable
to identify a single symptom or cluster of symptoms that can clinical recognize patients with
either SIBO or SIFO. Thus, symptoms were generally poor predictors of bacterial and/or
fungal overgrowth. However, SIBO and/or SIFO were prevalent in over 50% of this patient
population with dysmotility and chronic use of PPI and should be considered in the
differential diagnosis of patients with non-specific chronic GI complaints.

We would advocate screening for SIBO in symptomatic patients who have known
dysmotility or taking PPIs. The glucose breath test is widely-used as a non-invasive method
of diagnosing SIBO23. Screening for SIBO can start with a non-invasive glucose hydrogen
breath test and, if test results are negative and if clinical suspicion remains high, aspiration
and culture of small bowel contents may be considered. At present, culture of small bowel
aspirate appears to be the only method of identifying fungal organisms in the small bowel.

There are some limitations to our study that should be considered when interpreting these
findings. Because our documentation relied on prospective patient questionnaire and
medical records, we were unable to accurately determine the duration of PPI treatment in all
our subjects. It has been suggested that longer durations of PPI therapy are associated with
an increased risk of SIBO7. Another limitation may involve collection and culture of
organisms. Although sterile techniques were consistently used, and by a single operator, it is
possible that collecting specimens at precisely the same point along the small intestine is
difficult. However, the high prevalence of bacteria and candida in duodenal aspirates attests
to the presence of these organisms in a significant proportion of this population. The
symptom profiles were based solely on the bowel symptom questionnaire and are prone to
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subject bias, and may account for a lack of difference, especially as these patients had long
standing refractory symptoms and were referred to a tertiary care center. Also, other factors
such as visceral hypersensitivity and IBS may have been present in these patients leading to
reports of greater symptom severity. Also, our results from a selected population presenting
to a tertiary care specialist center should be interpreted with caution and may not be
generalizable to the population at large.

We conclude that dysmotility and PPI use appear to be important and independent risk
factors associated with an overgrowth of small intestinal bacteria and/or fungal organisms.
Symptom profiles by themselves are poor predictors of overgrowth in this patient
population.
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MMC migrating motor complex
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Figure 1.
The distribution of the mean symptom severity score for each symptom among the four
groups of subjects
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Figure 2.
Prevalence of overgrowth in the study population (left) and the distribution of patients with
SIBO or SIFO or SIBO/SIFO.
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Figure 3.
The prevalence of SIBO and/or SIFO in patients with dysmotility and in PPI users
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