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ABSTRACT

Background/Aims: Bloating is an unpleasant but common gastrointestinal symptom that is experienced by
many people at some stage in their lives. The current survey was conducted to investigate the epidemiology
and risk factors of bloating and functional bloating (FB). In addition, we aimed to assess the association be-
tween bloating and functional gastrointestinal disorders (FGIDs).

Materials and Methods: In this cross-sectional study, the self-administered modified Rome Il questionnaire
was used to assess gastrointestinal symptoms and FGIDs. Severity of bloating, demographic and anthropomet-
ric measurements, physical activity level, psychological distress, and depression and anxiety were also assessed.

Results: Among the 4763 participants, 52.9% reported having experienced bloating at least occasionally in the
past three months (among which 14.1% had severe or very severe symptoms); 19.7% of subjects were found
to have FB. After adjusting for multiple variables, female gender, university degree, obesity, and anxiety were
associated with both bloating and FB, while depression and psychological distress were only associated with
bloating. The positive predictive value and negative predictive value of bloating for the diagnosis of functional
bowel disorder were 92.9% and 80.1%, respectively.

Conclusion: Bloating and FB are highly prevalent in the study population. We also identified several demo-

graphic, psychological, and lifestyle-related risk factors of bloating in this population.
Keywords: Bloating, functional bloating, functional gastrointestinal disorders, Iran, epidemiology

INTRODUCTION

Bloating is an unpleasant but extremely common gas-
trointestinal symptom that is experienced by many
people at some stage in their lives (1,2). Patients who
suffer from bloating but who do not meet the criteria
for the diagnosis of other functional gastrointestinal
disorders (FGIDs) are categorized as having functional
bloating (FB) (3). Two studies in the US (4,5), reported
that bloating is seen in almost one fifth of the general
population; several other studies conducted in Canada,
Mexico, and Australia reported prevalences of 4.1%
to 21% for FB (6-8). Previous limited studies using the
Rome criteria suggest that FB has a prevalence of be-
tween 1.5% to 10% in the general population in Iran
(9,10). In several Iranian studies in different selected
populations, the prevalence of bloating shows a wide
range of between 1.5% and 49% (11). Despite its high

prevalence, bloating remains one of the least under-
stood symptoms related to FGIDs (2,3,5).

Although bloating is not usually the main reason pa-
tients seek health care, it is one of the most commonly
reported symptoms in patients who consult physi-
cians (12). This may be because bloating is reported to
be bothersome and annoying, unlike abdominal pain,
which is perceived as an alarm sign and life threatening
(12). However, the direct and indirect costs of bloating
approach $260 per person per year in Iran in the gen-
eral population; it imposes a greater economic burden
than many other clinical conditions (13).

The pathophysiology of bloating is still largely un-
known. Although a variety of etiologies have been
proposed for bloating, including food intolerance, fluid
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retention, weak anterior wall muscle tone, abnormal gut micro-
flora, inflalnmation, and altered bowel tonic and phasic motili-
ty, none of these has been scientifically proven (3,14). However,
studies have shown both increased intestinal gas accumula-
tion and delayed gas transit to be important causes of bloating.
Distorted perception and visceral hyperalgesia may also play a
role in some patients (2,3,5,14).

Physical exercise accelerates gut transit and thus reduces bloat-
ing; however, studies on healthy subjects found that physical
activity accelerated gas transit but did not affect bloating. The
relationship between physical activity and bloating remains
unclear (5). Obesity is also an established risk factor for FGIDs;
however, data regarding its effects on bloating contain dis-
crepancies (14). Psychological therapies have also been found
to be useful in improving bloating and several other FGIDs;
however, it remains unclear whether an actual relationship
exists between bloating and psychosocial distress (2). Studies
have also evaluated the associations of bloating with smoking,
marital status, age, and education level (4,5,7); however, data
confirming the associations of these variables is limited.

The prevalence of bloating, as a symptom, is dramatically high-
er in subjects who suffer from other FGIDs, notably irritable
bowel syndrome (IBS) (4). Studies have shown that more than
two thirds of IBS patients may complain of bloating (4,5,15),
while only about one third of subjects who did not meet the
criteria for any FGIDs experienced bloating (12). Most research
on bloating has considered subjects who suffer from bloating
along with other gastrointestinal disorders, especially FGIDs
(e.g., IBS, functional dyspepsia (FD), and functional constipa-
tion (FQ) (3,16,17)); these studies do not address bloating alone.

The epidemiological features of bloating and FB have been in-
vestigated in a limited number of studies in Iran. The current
survey was conducted on healthy volunteers living in Isfahan
province, Iran, to investigate the epidemiology and risk factors
of bloating and FB. In addition, we aimed to assess the associa-
tion between bloating and several gastrointestinal disorders.

MATERIALS AND METHODS

Participants

This study is part of the Study on the Epidemiology of Psy-
chological, Alimentary Health, and Nutrition (SEPAHAN), con-
ducted in April to May 2010, which aimed to investigate the
roles of lifestyle-related and psychosocial factors in the eti-
ology of different FGIDs in an Iranian population. SEPAHAN
is a cross-sectional study that was conducted on a group of
Iranian adults working in 50 different health centers affiliated
with the Isfahan University of Medical Sciences (IUMS) across
Isfahan Province in the central part of Iran. The University
has 20,000 non-academic employees working in hospitals,
university campus, and health centers. It is noteworthy that
not all these staff members are involved in health services;
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many of them are also involved in the administrative tasks
of IUMS. The IUMS central office has direct contact with all
staff in different cities and centers through its Public Relation
Unit (PRU). Several months before initiation of the study, PRU
staff informed participants about the contents of the ques-
tionnaires and the study aims through posters and brochures;
finally, they distributed the questionnaires to the participants.
To increase data accuracy and participation rates, SEPAHAN
was performed in two phases. In the first phase, to collect
information about demographic and lifestyle-related factors,
we distributed 10,087 pretested, self-administered question-
naires; 8691 completed questionnaires were returned (re-
sponse rate: 86.2%). In the second phase, data regarding com-
mon gastrointestinal symptoms and psychological profiles
were collected using validated self-administered question-
naires (response rate: 64.6%). Finally, we were able to match
4763 questionnaires from phase two with the equivalent
questionnaires in phase one using the national ID numbers
of the participants. There were no differences in demographic
factors between the participants in the two phases. This study
was approved by the Isfahan Regional Bioethics Committee
(#290363). The details of the methodological aspects of SEPA-
HAN have been described previously (18).

Assessment of Gastrointestinal Symptoms

A validated modified self-administered Persian version of the
Rome Il questionnaire (18) was used to assess different gas-
trointestinal symptoms and FGIDs. We minimally modified the
Rome Il questionnaire with three main changes. First, instead
of the seven-item rating scale used in the English version of the
Rome Ill questionnaire to assess the frequency of each gastro-
intestinal symptom, we used a four-item rating scale (never or
rarely, sometimes, often, always) to ensure the appropriateness
of the questionnaire for administration to the participants of
our study. We also omitted the question about the presence
of each symptom six months prior to the evaluation; finally,
we added a question about the severity of each symptom (i.e,,
mild or moderate and severe or very severe).

Definitions of FGIDs

Subjects who reported having experienced bloating at least
occasionally in the past three months were categorized as the
bloating group; participants in the bloating group who did not
meet the criteria for IBS, FD, or FC were designated as having FB
(19). Other disorders were defined based on their Rome Ill defi-
nitions (19); however, these definitions were minimally differ-
ent because of the previously mentioned changes in the ques-
tionnaire. The definitions are explained in the following box.

IBS: recurrent abdominal pain or discomfort at least some-
times in the past three months accompanied by two or more
of the following: 1. Improvement with defecation at least
sometimes, 2. pain onset associated with a change in stool fre-
quency, and 3. pain onset associated with a change in form
(appearance) of stool at least sometimes.
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Constipation-predominant IBS (IBS-C): IBS, hard or lumpy stools
at least sometimes, and lack of loose, mushy, or watery stools.

Diarrhea-predominant IBS (IBS-D): IBS, lack of hard or lumpy
stools, and loose, mushy, or watery stools at least sometimes.

Mixed IBS (IBS-M): IBS, hard or lumpy stools at least some-
times, and loose, mushy, or watery stools at least sometimes.

Un-subtyped IBS (IBS-U): IBS, lack of hard or lumpy stools,
and lack of loose, mushy, or watery stools.

FC: 1) Two or more of the following: a) straining during defeca-
tion at least often; b) lumpy or hard stools at least often; ) sensa-
tion of incomplete evacuation at least sometimes; d) sensation
of anorectal obstruction/blockage at least sometimes; €) manual
maneuvers (e.g, digital evacuation, support of the pelvic floor)
to facilitate defecation at least sometimes; f) fewer than three
defecations per week at least often; 2) loose stools rarely present
without the use of laxatives; 3) insufficient criteria for IBS.

Chronic uninvestigated dyspepsia (CUD) (equivalent to FD in
this article): One or more of the following at least sometimes in
the past three months: early satiation, bothersome postpran-
dial fullness, and/or epigastric pain/burning.

Gastroesophageal reflux disease (GERD): Presence of heartburn
at least sometimes during the three months prior to the study.

Functional bowel disorder (FBD): Meeting the criteria for ei-
ther IBS, FB, or FC.

Assessment of Demographic and Anthropometric Variables
Self-administered questionnaires were used to assess gender,
age, education level, marital status (married, unmarried [single,
divorced, widowedy]), and smoking history (current smoker, never
smoked, or former smoker). Data on self-reported height and
weight were also obtained, and body mass index (BMI) was calcu-
lated as weight in kilograms divided by height in meters squared.
Participants were then classified into three categories based on
their BMI: normal weight (185 to 24.9 kg m), overweight (25.0
t0 29.9 kg m), and obese (>30.0 kg m~2). The validity of the self-
reported values of weight and height was examined in a pilot
study on 200 participants from the same population. We found
that the self-reported values of anthropometric measures provid-
ed a reasonable data of these indices. The correlation coefficients
for self-reported weight and height versus measured values were
095 (p<0.007) and 0.83 (p<0.001), respectively. The correlation
coefficient for the computed BMIs from self-reported values and
from measured values was 0.70 (p<0.001).

Assessment of Psychological Distress

The participants’ psychological distress level was evaluated
using a self-administered General Health Questionnaire (GHQ-
12), which is a consistent and reliable instrument designed for
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use in general populations. The GHQ-12 consists of 12 4-item
questions, each of which evaluates a particular feeling or type
of behavior in the past month. A four-rating scale was used for
each question (i.e, less than usual, no more than usual, fairly
more than usual, and much more than usual). The 0-0-1-1
method was applied to score the four-item GHQ-12 questions,
respectively, rather than the simple Likert scale of 0-1-2-3, as
this method is believed to help eliminate any biases that may
arise from respondents who tend to choose responses 1 and 4
or 2 and 3, respectively. By applying this method, each partici-
pant could score between 0 and 12 points; a threshold score
of 4 or more was used to define participants with high psycho-
logical distress levels. The internal consistency of the GHQ-12,
calculated with Cronbach’s alpha coefficient, was found to be
0.87. Convergent validity indicated a significant negative cor-
relation between the GHO-12 and global quality of life score as
r=—0.56, p<0.0001 in the Iranian population (20,21).

Assessment of Anxiety and Depression

The presence of anxiety and depression symptoms was evalu-
ated using a self-administered validated Hospital Anxiety and
Depression Scale (HADS) that consists of 14 items that can be
divided into two 7-item subscales for anxiety (a=0.82) and
depression (0=0.84). The HADS uses a four-point Likert scale
ranging from 0 (not present) to 3 (considerable), resulting in a
total score ranging from 0 to 21 for each subscale. A score >8
in either HADS subscale was considered to indicate anxiety or
depression (22). The Iranian version of the HADS has good reli-
ability for the total scale (0=0.92) and the subscales of anxiety
(0=0.78) and depression (0=0.86) (23).

Assessment of Physical Activity

The General Practice Physical Activity Questionnaire was used
to reflect the level of current physical activity among partici-
pants. This questionnaire is a simple validated screening tool
intended for use in adults (16 to 74 years) in primary care to as-
sess physical activity based on a four-level Physical Activity In-
dex (Active [Sedentary job and >3 hours physical exercise and/
or cycling per week OR standing job and 1 to 2.9 hours physical
exercise and/or cycling per week OR a physical job and some
but <1 hour physical exercise and/or cycling per week OR a
heavy manual job], Moderately Active [sedentary job and 1
to 2.9 hours physical exercise and/or cycling per week OR a
standing job and some but <1 hour physical exercise and/or
cycling per week OR a physical job and no physical exercise or
cycling], Moderately Inactive [sedentary job and some but <1
hour physical exercise and/or cycling per week OR a standing
job and no physical exercise or cycling], and Inactive [seden-
tary job and no physical exercise or cycling]) (24).

Data Entry

We used an optical mark recognition system that captures
marked data in scanned pictures of the questionnaires for rap-
id and accurate data entry to simplify the input process and
reduce the possibility of errors.
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Statistical Analysis

Data were expressed as meanz+standard deviation for quantita-
tive variables and number (%) for qualitative variables. A statis-
tical comparison between genders, patients with and without
bloating or FB, and the two severity groups was performed
using the x? test (qualitative data) and the t-test (quantitative
data). Binary logistic regression models were also used to de-
termine independent risk factors while adjusting for potential
confounders. The odds ratios (OR) and corresponding 95%
confidence intervals (Cl) were computed from the coefficients
in the logistic regression models. Furthermore, the distribu-
tion of bloating was estimated in the IBS, IBS subtype, CUD, FC,
GERD, and FBD groups. The association of bloating with each
of these groups was assessed using the x° test, and the OR was
reported. The sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were calculated us-
ing conventional definitions, with bloating as the predictive
test and either of the gastrointestinal disorders as the disease.
Statistical analyses were performed using IBM Statistical Pack-
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age for the Social Sciences version 21 (IBM Corp.; Armonk, NY,
USA). A two-tailed a level of 0.05 was used to assess statistical
significance in all analyses.

RESULTS

Study Population Characteristics

The general characteristics of the 4763 participants are pre-
sented in Table 1. The respondents’ ages ranged from 18 to
70 years. Approximately 57% of participants were female. The
population consisted mostly of married and well-educated
participants. The female participants were younger and more
educated than the male participants. The proportion of mar-
ried individuals was higher among women than men. Women
were less physically active than men.

Prevalence of Bloating and FB
Among the 4763 participants, 1734 (38.4%), 489 (10.8%), and
167 (3.7%) reported that they experienced bloating some-

Table 1. General characteristics of the 4763 participants and comparisons between the two genders

Total Men Women p
Age (meanztstandard deviation, years) 36.58+8.09 38594861 35.16+7.39 <0.001
Education level
High school diploma or less 1986 (42.8) 1124 (55.0) 862 (33.3) <0.001
College degree 801 (17.3) 291 (14.2) 510(19.7)
University degree 1849 (39.9) 630 (30.8) 1219 (47.0)
Marital status
Singe/divorced/widowed 874 (18.8) 245(11.9) 629 (24.3) <0.001
Married 3776 (81.2) 1812 (88.1) 1964 (75.7)
Physical activity level
Active or moderately active 2414 (51.1) 1316 (63.3) 1098 (41.4) <0.001
Inactive or moderately inactive 2314 (48.9) 762 (36.7) 1552 (58.6)
Smoking status
Current smoker 153 (3.2) 150 (7.1) 3(0.0) <0.001
Never or former smoker 4610 (96.8) 1956 (92.9) 2654 (99.9)
Body mass index group
Normal weight 2327 (52.6) 910 (46.6) 1417 (57.3) <0.001
Overweight 1672 (37.8) 970 (44.6) 802 (32.4)
Obese 427 (9.6) 172 (8.8) 255(10.3)
Anxiety
No 4003 (86.0) 1841 (90) 2162 (62.8) <0.001
Yes 654 (14.0) 204 (10.0) 450(17.2)
Depression
No 3315 (71.2) 1590 (77.8) 1725 (66.1) <0.001
Yes 1338(28.8) 454 (22.2) 884 (33.9)

All data are reported as numbers (% within total population/men/women) unless expressed otherwise
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Table 2. Prevalence of different population characteristics across groups with bloating and functional bloating

Bloating Functional bloating
Yes No p Yes No p
Age (years) 36.62+7.82 36.54+£8.37 0.7 36.64+7.90 36.70 £8.38 0.8
Gender
Male 931 (39.0) 1175 (49.5) <0.001 438 (46.6) 958 (53.0) <0.001
Female 1459 (61.0) 1198 (50.5) 502 (534) 849 (47.0)
Education level
High school diploma or less 932 (40.0) 1054 (45.7) <0.001 335 (36.5) 788 (44.8)  <0.001
College degree 412(17.7) 389 (16.9) 168 (18.3) 304 (17.3)
University degree 986 (42.3) 863 (37.4) 414 (45.1) 666 (37.9)
Marital status
Singe/divorced/widowed 420(17.9) 454 (19.7) 0.1 164 (17.8) 358 (20.4) 0.1
Married 1924 (82.1) 1852 (80.3) 757 (82.2) 1400 (79.6)
Physical activity level
Active or moderately active 1163 (48.9) 1251 (53.2) 0.003 473 (50.6) 976 (54.5) 0.05
Inactive or moderately inactive 1214 (51.1) 1100 (46.8) 462 (49.4) 815 (45.5)
Smoking status
Current smoker 75@3.1) 78 (3.3) 0.7 33(3.5) 62 (34) 09
Never or former smoker 2315 (96.9) 2295 (96.7) 907 (96.5) 1745 (96.6)
Body mass index 2535+3.82 24.86+3.66 <0.001 25.39+3.64 2490+3.59  <0.001
Anxiety score 4.62+4.04 2.46+3.00 <0.001 3.18+3.24 1.98+2.64 <0.001
Depression score 6.91+3.50 5.37£3.06 <0.001 5.69+3.04 4.96+2.87 <0.001
Psychological distress score 2.61+2.95 1.53+2.38 <0.001 1.81+2.45 1.26+2.16  <0.001

All data are reported as numbers (% within bloating/functional bloating groups) or mean+standard deviation

times, often, and always in the three months before the survey,
respectively. Therefore, the overall prevalence of bloating in the
study population was 52.9%. Using the Rome Il diagnostic cri-
teria for the definition of FGIDs, 19.7% of subjects were found
to have FB.

General Characteristics and Prevalence of Bloating and FB
The prevalence of bloating and FB was significantly higher in
women, highly educated individuals, and subjects with low
physical activity levels (Table 2). In addition, increased preva-
lence of bloating and FB was related to higher BMI, anxiety,
depression, and psychological distress (Table 2). As shown in
Table 2, smoking and marital status were not related to the
prevalence of bloating and FB.

Independent Risk Factors of Bloating and FB

Table 3 demonstrates the multivariate adjusted ORs of po-
tential risk factors for bloating and FB. Female gender was
related to 41% and 23% increases in odds of bloating and
FB, respectively. Also, we found an independent relationship
between increased educational level and the prevalence of
bloating and FB. Furthermore, overweight or obese subjects

were 1.2 and 1.4 times more likely to report bloating, respec-
tively. Although there was no relationship between obesity
and FB diagnosis, obese individuals were more likely to have
FB than normal weight subjects (OR: 1.45, 95% Cl: 1.04-2.02).
Mean while, after adjusting for potential confounders, anxi-
ety, depression, and psychological distress were related to
increased odds of bloating in the previous three months;
only anxiety was independently associated with a higher
likelihood of being diagnosed with FB (OR: 1.77, 95% ClI:
1.17-2.66). Age, marital status, physical activity, and smoking
had no association with either bloating or FB in the study
population.

Severity of Bloating and its Risk Factors

Of the 2390 individuals who experienced bloating, 2033
(85.1%) experienced “mild to moderate” symptoms and 357
(14.1%) reported “severe or very severe” bloating. As indicated
in Table 4, female gender was related to severity of bloating
(OR: 1.5). In addition, after adjusting for multiple confound-
ing variables, individuals with anxiety or psychological distress
were 1.8 and 1.4 times more likely to experience severe or very
severe bloating, respectively.
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Table 3. Multivariate adjusted ORs (95% confidence interval) of potential risk factors for bloating and functional bloating
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Bloating p Functional Bloating p
Age (years) 1.01 (1.00-1.02) 0.1 1.00 (0.99-1.01) 09
Gender
Male 1 <0.001 1 0.051
Female 141 (1.21-1.63) 1.23(1.00-1.51)
Education level
High school diploma or less 1 1
College degree 1.32(1.08-1.61) 0.006 1.33(1.02-1.74) 0.04
University degree 141 (1.20-1.64) < 0.001 1.51(1.23-1.87) < 0.001
Marital status
Singe/divorced/widowed 1 0.1 1 02
Married 0.88 (0.73-1.06) 0.85 (0.66-1.10)
Physical activity level
Active or moderately active 1 04 1 0.5
Inactive or moderately inactive 0.94 (0.81-1.08) 0.93(0.77-1.13)
Smoking status
Never or former smoker 1 0.6 1 0.1
Current smoker 0.89 (0.58-1.36) 0.67 (0.40-1.14)
BMI group
Normal 1 1
Overweight 1.20(1.03-1.39) 0.02 1.16 (0.95-1.43) 0.1
Obese 1.38 (1.08-1.77) 0.01 145 (1.04-2.02) 0.03
Anxiety
No 1 <0.001 1 0.007
Yes 220(1.71-2.85) 1.77 (1.17-2.66)
Depression
No 1 <0.001 1 0.1
Yes 142 (1.18-1.71) 1.27 (0.96-1.68)
Psychological distress
No 1 0.003 1 0.2
Yes 1.34(1.11-1.63) 1.21 (0.90-1.63)

Bloating in Other Gastrointestinal Disorders

The prevalence of bloating in common gastrointestinal disor-
dersis presented in Table 5. The prevalence of assessed FGIDs
in the SEPAHAN study was as follows: IBS (21.5%), IBS-C (7.3%),
IBS-D (4.3%), IBS-M (4.1%), IBS-U (5.8%), FC (15.3%), FD (15.2%),
GERD (23.5%), and FBD (56.5%). The prevalence of bloating
was highest (89.1%) among IBS-M cases, and lowest (59.4%)
among FC cases. The PPV of bloating for the presence of FB
was 39.3%. Although the PPV and specificity of bloating for
diagnosis of each FGID were not high, high NPV and sensi-
tivity were found for these gastrointestinal disorders. In addi-
tion, the PPV and NPV for the diagnosis of functional bowel
disorders were approximately 93% and 80%, respectively. This
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diagnosis also had high sensitivity (82.4%) and specificity
(91.8%) for FBDs.

DISCUSSION

Although bloating is a common symptom in the general pop-
ulation, few data exist regarding its prevalence, etiology, and
treatment. This may be because unlike other symptoms, such as
abdominal pain, people do not evaluate bloating as a warning
symptom unless it becomes very severe. However, most patients
rank bloating as a very bothersome symptom in comparison
with other Gl symptoms (25); it also accounts for a high percent-
age of referrals to gastroenterologists and causes increases in
sick days and medication use (10). In this study, we reported a
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Table 4. Relationship between participants’ characteristics and severity of bloating

Mild to moderate Severe or very severe OR (95% CI) p
Age (mean=SD, years) 36.65+7.90 36.43+7.40 1.0 (0.98-1.02) 0.7
Gender
Male 830 (40.8) 101 (28.3) 1 0.01
Female 1203 (59.2) 256 (71.7) 149 (1.08-2.05)
Education level
High school diploma or less 776 (39.1) 156 (45.2) 1
College degree 348 (17.5) 64 (18.6) 0.96 (0.66-1.40) 08
University degree 861 (43.4) 125 (36.2) 0.81 (0.59-1.10) 0.1
Marital status
Singe/divorced/widowed 349 (17.5) 71(20.02) 1 04
Married 1644 (82.5) 280 (79.8) 1.18 (0.83-1.69)
Physical activity level
Active or moderately active 1006 (49.8) 157 (44.2) 1 0.2
Inactive or moderately inactive 1016 (50.2) 198 (55.8) 1.17 (0.89-1.54)
Smoking status
Never or former smoker 1968 (96.8) 347 (97.2) 1 0.5
Current smoker 65 (3.2) 10 (2.8) 141(0.53-3.71)
BMI group
Normal 958 (50.3) 157 (47.6) 1
Overweight 746 (39.2) 131 (39.7) 1.17(0.87-1.58) 0.3
Obese 199 (10.5) 42(12.7) 1.34 (0.86-2.08) 0.2
Anxiety
No 1643 (82.1) 222 (63.1) 1 0.001
Yes 358(17.9) 130 (36.9) 1.81(1.28-2.56)
Depression
No 1328 (66.4) 157 (44.6) 1 0.09
Yes 672 (33.6) 195 (55.4) 1.34(0.96-1.87)
Psychological distress
No 1454 (73.1) 188 (53.6) 1 0.04
Yes 536 (26.9) 163 (46.4) 1.38(1.01-1.90)

All data are reported as numbers (% within severity groups) unless expressed otherwise. OR: odds ratio; Cl: confidence interval

high prevalence of bloating and FB in a sample of apparently
healthy Iranian adults. We also identified some potential risk fac-
tors for bloating and FB in the studied population.

Prevalence of Bloating

According to the results of this study, bloating is a common
symptom that affects almost half the population. This result is
higher than the prevalences of bloating found in previous stud-
ies in the US (11% to 21%) (4,5,25,26), Canada (20.2%) (8), New
Zealand (8.3%) (27), Australia (31.4%) (28), and Iran (7.6% to 25%)
(9,10,29,30). This higher prevalence may be due to several factors.

In our study, subjects were asked about their bloating symptoms
in the last three months; the other studies investigated the pres-
ence of bloating over different time frames. Another reason for
the difference between the bloating prevalences in the current
study and western studies may be differences in the diet and
cultural behaviors of the Iranian population. For example, the
Iranian diet is higher in fiber content and lower in fat, alcohol,
and coffee consumption than diets in western countries. More-
over, the perception of symptoms may be different due to fac-
tors such as social, educational, and geographic backgrounds.
There is preliminary evidence that bloating as a stress-related
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Table 5. Prevalence of bloating across groups with common gastrointestinal disorders

Bloating (%) p PPV (%) NPV (%) Sensitivity (%) Specificity (%)

IBS
Yes 82.7 <0.001 354 92.5 82.7 587
No 413

IBS-C
Yes 82.5 <0.001 12.0 97.4 825 523
No 47.6

1BS-M
Yes 89.1 <0.001 7.2 99.1 89.1 515
No 48.5

1BS-U
Yes 786 <0.001 9.1 97.5 78.6 516
No 484

IBS-D
Yes 826 <0.001 7.2 98.5 826 513
No 48.7

Chronic uninvestigated dyspepsia
Yes 784 <0.001 237 934 784 549
No 451

Functional constipation
Yes 594 <0.001 18.1 875 594 515
No 48.5

Gastroesophageal reflux disease
Yes 72.1 <0.001 337 86.8 72.1 56.5
No 435

Functional bowel disorder
Yes 824 <0.001 929 80.1 824 91.8
No 82

Sensitivity, specificity, PPV, and NPV were calculated using conventional definitions with bloating as the predictive test and either gastrointestinal disorder as the disease.
Constipation-predominant IBS (IBS-C) was classified as having IBS, hard or lumpy stools at least occasionally, and lack of loose, mushy, or watery stools.
Diarrhea-predominant IBS (IBS-D) was defined as having IBS, lack of hard or lumpy stools, and loose, mushy, or watery stools at least occasionally.

Mixed IBS (IBS-M) was defined as having IBS, hard or lumpy stools at least occasionally, and loose, mushy, or watery stools at least occasionally.

Un-subtyped IBS (IBS-U) was defined as having IBS, lack of hard or lumpy stools, and lack of loose, mushy, or watery stools.

FBD was defined if a subject met the criteria for IBS, FB, or FC.

disorder may be worsened by stress and relieved by relaxation
(12,15). The stress of living in an overpopulated city, namely
urban stress, may also contribute to the higher prevalence of
bloating in Isfahan, Iran compared to that found in other studies
performed in Iran and other countries. Another reason may be
selection bias. Most of the subjects we studied were educated
and were all currently employed; occupational stress may be a
reason for the higher prevalence of bloating in our study. The
different definition criteria that were used for the presence of
bloating can be considered as another explanation for the high
prevalence of bloating in the current study. In our study, 14.5%
of subjects suffered from bloating often or frequently in the past
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three months, which is more similar to the prevalences of bloat-
ing reported in previous studies. Interestingly, in another study
among US households, Sandler et al. (25) showed that 88.6%
of women and 79.0% of men experienced bloating more than
one day in the past month; this highlights how using different
definition criteria can cause a significant change in the reported
prevalence of bloating.

Prevalence of FB

The prevalence of FB was 19.7% in our study. In one study on
762 Australian adults (6), the prevalences of FB were 11.2% and
4.1% using the Rome | and Il criteria, respectively. In Canada (8),
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a prevalence of 13.1% has been reported based on the Rome |l
criteria, while Tuteja et al. (5) reported it to be 7% in US. A preva-
lence of 21% was also shown in a study on 324 Mexican adults
based on the Rome Il Modular Questionnaire (7), while another
study in the same country reported a prevalence of 10.8% in
2012 (31). Two studies in Iran and Taiwan showed FB prevalenc-
es of 1.5% and 2.1% based on the Rome Il criteria, respectively
(30,32). The reason for the differences in the reported preva-
lence of FB may be the use of different criteria to determine the
presence of bloating (as explained previously); also, the defini-
tion of FB is different based on the different Rome criteria. The
Rome | criteria defines FB as chronic or recurrent abdominal
bloating, fullness, or distension over three months (33), while
Rome Il defines FB as abdominal fullness or bloating for twelve
weeks or more in the previous twelve months (34). However,
in Rome [ll, FB is defined as recurrent feeling of bloating or vis-
ible distension at least three days per month for the past three
months (3).

Association of Bloating with Age

In our study, after adjusting for multiple potential confound-
ing variables, age was not correlated with bloating or FB; this
is similar to findings from several studies in Iran and the US
(4,10). However, in another study, Tuteja et al. (5) showed a
lower prevalence of bloating in the age group above 55 years
in comparison with subjects younger than 55 years after con-
trolling for gender differences. One study in Iran (9) reported
that the odds of bloating were slightly higher in the elderly
(OR=1.03).

Association of Bloating and FB with Gender

In the present study, the prevalence of bloating was higher in
women than in men (OR=1.41) after controlling for other po-
tential risk factors; this is in accordance with previous studies
(4,5,7-9,25,27,29,32,33). However, in one study, after control-
ling for age, the difference between men and women was not
statistically significant (p=0.08) (5). A positive association with
female gender has also been commonly reported for other
FGIDs. The exact reason for this is still unclear; however, several
hypotheses have been proposed. In one study, approximately
40% of female IBS patients reported that bloating is related to
their menstrual cycle and is usually exacerbated perimenstru-
ally, which is believed to be due to hormonal effects; however,
bloating is not limited purely to the perimenstrual time of the
cycle. Moreover, men sometimes refer to a “tight sensation” in
the abdomen rather than bloating (1,25).

The prevalence of FB and its association with gender was also
investigated in several previous studies. In one study performed
in Mexico (7), FB was reported to be more common in women
(10.7%) than in men (3.7%), which was in agreement with other
studies in Mexico (31), Canada (8), and Taiwan (32) that report-
ed a twofold higher prevalence of FB for women than for men.
In Australia (6), 90.3% and 73.8% of cases with FB were women
based on the Rome Il and Rome | criteria, respectively.

Keshteli et al. Epidemiology of bloating in Iran

Association of Bloating with Educational Level

We found that bloating was also associated with higher edu-
cation level, even after controlling for other potential risk fac-
tors. In one study evaluating abdominal bloating in employed
adults in the US, education was not associated with bloating.
However, higher education was associated with a lower prev-
alence of bloating in patients with constipation who did not
meet the criteria for IBS (5). One study in Iran showed similar
results to our study, with a higher prevalence of bloating as-
sociated with higher education (9). However, in another study
performed in the US, higher education level was negatively as-
sociated with bloating (4).

Association of Bloating and FB with Marital Status

In our study, bloating and FB were not associated with marital
status. One study showed unmarried subjects to be more likely
to report bloating, after adjusting for age and gender; how-
ever, no significant difference was reported (5). One study in
the US showed a negative association between being married
and bloating (4). In one study in Iran, unmarried subjects had a
lower prevalence of bloating than married subjects (9).

Association with Physical Activity Level

Physical activity is believed to have a prokinetic effect on gut
transit; it may also strengthen the abdominal muscle wall,
which in turn can alleviate the sensation of bloating (2,35,36).
In our study, a negative association was found between level
of physical activity and prevalence of bloating; however, after
adjusting for other potential risk factors, this association lost
its significance. The results of one study in the US were also in
agreement with our study (5). In one study, after air was inject-
ed in the jejenum of patients with bloating, exercise reduced
the bloating sensation (37). The relationship between physical
activity and bloating appears to be complex and requires fur-
ther evaluation.

Association of Bloating with Smoking

In our study, no significant association was found between
smoking and bloating, which is in agreement with one study
in the US that reported no significant association between cur-
rent smoking and bloating (4). However, in another study in the
US, smoking was related to bloating even after controlling for
age and gender (OR=1.74 for past smokers and 1.63 for current
smokers) (5).

Association with Obesity

In our study, bloating and FB were more prevalent in subjects
with higher BMI. Obesity is an established risk factor for some
FGIDs (14); several limited studies have evaluated the associa-
tion of this condition with bloating. In the US, New Zealand,
and Australia, it was reported that subjects with BMI>30 ex-
perienced significantly more bloating after adjusting for other
risk factors (27,38,39). Jiang et al. (4) also found a weak direct
association between BMI and bloating. In several studies, how-
ever, no relationship was found between obesity and bloating
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(40,41); a meta-analysis has also reported that there is no as-
sociation between bloating and obesity, suggesting that the
reported higher prevalence of bloating in obese subjects may
be due to the patients’inability to differentiate actual bloating
from their large abdominal body mass (42). This information
shows an inconsistent relationship between obesity and bloat-
ing; further study is required.

Associations with Anxiety, Depression, and Psychological
Distress

The role of psychological factors in the pathogenesis of bloat-
ing is somewhat controversial. In a study conducted by Chang
et al. (15) on IBS patients, all cases who experienced bloat-
ing had normal levels of psychological symptoms, including
anxiety, depression, and somatization, based on the Symptom
Checklist-90-Revised. In another study conducted on IBS pa-
tients by Houghton et al. (43), no significant relationship was
found between bloating and psychological distress. Heitkem-
per et al. (44) were also unable to demonstrate an association
between bloating and psychological distress. However, in the
study by Jiang et al. (4), higher scores on a somatic symptom
checklist had a direct association with bloating; this suggests
that bloating may partially reflect the process of somatization.
In Mexico, 24% of patients with FB suffered from depression
based on the Center for Epidemiological Studies Depression
Scale (CES-D) (31). In our study, bloating was associated with
anxiety, depression, and psychological distress, while FB was
only associated with anxiety.

Severity of Bloating

In our study, almost 15% of subjects suffered from severe or
very severe bloating; severe bloating was also found to be as-
sociated with female gender (OR=1.49), higher level of anxiety
(OR=1.49), and psychological distress (OR=1.38). In a study on
2510 subjects in US households, more than 70% of subjects
with bloating or distention complained of moderate to severe
symptoms; 54% reported that these symptoms affected their
daily activities. Furthermore, almost twice as many women as
men rated their symptoms as severe (23.8% vs. 13.0%), which
resulted in more frequent physician consultations by women
(25). In another study, a marginally higher percentage of wom-
en with moderate to severe bloating had a history of depres-
sive symptoms compared to a mild bloating group; meanwhile,
this association was not significant for anxiety. However, when
women were asked about the presence of anxiety or depres-
sion, both were found to have direct significant associations
with the presence of bloating (45).

Bloating in Other Gastrointestinal Disorders

The prevalence of bloating is dramatically higher in subjects
who suffer from other FGIDs, notably IBS (4). Studies have
shown that between two thirds to 100% of IBS patients may
complain of bloating in Iran and worldwide (4,5,10,15). In our
study, bloating was reported by 82.7% of IBS patients. Bloat-
ing was initially considered as a diagnostic criterion for IBS (46);
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it is now proposed to be a supportive symptom to discrimi-
nate IBS from organic disorders (47). Among different types
of IBS, bloating has been strongly related to IBS-C in different
studies (15,44,48). The higher prevalence of bloating in IBS-C
subjects may be due to the possible pathophysiology of bloat-
ing, which has been explained in previous studies: increased
intestinal gas accumulation, which is mostly seen in consti-
pated subjects due to slower than normal colonic transit, is an
important cause of bloating (4,14,49). However, in some other
studies, the prevalence of bloating was higher in IBS-D patients
than in IBS-C subjects (4,15,30,43). Some studies have also
found equally high prevalences of bloating for both IBS-D and
IBS-C (5). Several studies, including one recent survey, have also
reported a higher prevalence of bloating in the IBS-M subtype
compared to other subtypes (15,50). The results of our study
show a higher prevalence of bloating among IBS-M cases. IBS-
C and IBS-D patients experience less bloating; both subtypes
have approximately the same prevalence.

FC has also been strongly associated with bloating; up to 50%
of cases with bloating have been reported to have FC (4). How-
ever, this proportion was lower (15.7%) in one study in Iran by
Sorouri et al. (30) in 2010, with a twofold increase of FC in bloat-
ing cases. Roshandel et al. (10) also reported a 73% prevalence
of bloating in FC subjects in Iran; this prevalence was lower
(59.4%) in our study. In our study, among different Gl disorders,
bloating had the least association with FC, which was in agree-
ment with the study by Sorouri et al. (30). Association of GERD
and FD with bloating has also been shown in previous studies
(4, 26). In our study, the PPV of bloating for the presence of
FB was 39.3%, while in another study in Iran, 13.4% of subjects
with bloating experienced FB (30).

We also found a strong association between FBD and bloating,
reflecting the fact that the presence of more gastrointestinal
physiological disruptions may increase risk of bloating. In the
study by Sorouri et al. (30) in Iran, 77.2% of subjects with bloat-
ing had FBD (including IBS, FC, functional diarrhea, FB, and un-
specified FBD); also, bloating showed a greater than 11-fold in-
crease for FB. Previous studies evaluating the diagnostic value
of bloating in other FGIDs reported high specificity (89%) but
low sensitivity (38%) for bloating symptoms in the diagnosis of
FGIDs. It was also shown that the absence of bloating cannot
be used to rule out FGIDs (NPV=87%); however, it had a posi-
tive predictive value of 66% (5). These values were all higher
in our study, in which the PPV, NPV, sensitivity, and specificity
were 92.9%, 80.1%, 82.4%, and 91.8%, respectively.

Study Advantages and Limitations

The large sample size, employment of validated questionnaires,
and assessment of different demographic, psychological, and
lifestyle-related factors are major strong points of the present
study. An advantage of our study was the simultaneous evalu-
ation of both bloating symptoms and FB. Most previous stud-
ies present data regarding either bloating or FB. Moreover, in
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contrast to previous studies, we also measured the severity
of symptoms. Our study also has some limitations. Due to the
cross-sectional study design, we recommend performing fu-
ture prospective studies to assess causal associations. The sub-
jects of our study were employed, educated adults living in a
populated urban city; thus, generalization to the entire Iranian
adult population is questionable. One other limitation of our
study was that the questionnaires were self-administered; also,
we did not examine the cases for potential organic disorders
using history taking, physical examination, or further paraclini-
cal evaluations.

In conclusion, this study showed high prevalences of bloat-
ing and FB in a group of Iranian adults. Female gender, higher
education level, obesity, anxiety, depression, and psychologi-
cal distress were the main risk factors of bloating in this study,
while FB was only associated with higher education level, obe-
sity, and anxiety. We also found that female gender, anxiety,
and psychological distress were related to increased severity of
bloating. To understand the pathophysiology of this common
Gl complaint and determine its risk factors, further prospec-
tive research is required. In addition, it should be investigated
whether the incidence or severity of bloating can be decreased
by targeting its modifiable risk factors (i.e., obesity, psychologi-
cal disorders) in well-designed randomized clinical trials.
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