
EDUCATIONAL OBJECTIVE: Readers will advise patients of the possible benefi ts and risks of a diet low in fermentable 
oligosaccharides, disaccharides, monosaccharides, and polyols (FODMAPs) for managing irritable bowel syndrome

Managing irritable bowel syndrome:
The low-FODMAP diet
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T he role of diet in controlling symp-
toms of irritable bowel syndrome (IBS) 

has gained much traction over the years,1 but 
until recently, diet therapy for IBS has been 
hindered by a lack of quality evidence, in part 
because of the challenges of conducting di-
etary clinical trials. 

See related editorial, page 663

 Several clinical trials have now been done 
that support a diet low in fermentable oligo-
saccharides, disaccharides, monosaccharides, 
and polyols (FODMAPs) for managing IBS. 
Although restrictive and diffi cult to follow, 
the low-FODMAP diet is gaining popularity.
 This article provides an overview of dietary 
interventions used to manage IBS, focusing on 
the low-FODMAP diet. We discuss mecha-
nisms of malabsorption of FODMAPs and the 
role of FODMAPS in symptom induction; 
highlight clinical trials that provide evidence 
of benefi ts of the diet for IBS; and discuss the 
steps to implement it. We also address the nu-
tritional adequacy of the diet and its potential 
effects on the gut microbiome.

 ■ IBS IS A COMMON FUNCTIONAL DISORDER

IBS is one of the most commonly diagnosed 
gastrointestinal disorders, and it has a signifi -
cant impact on quality of life.2 It is a functional 
disorder characterized by chronic abdominal 
pain and altered bowel habits in the absence 
of a structural or organic cause. 
 The Rome IV diagnostic criteria defi ne IBS 
by the following:  
• Recurrent abdominal pain or discomfort at 

least 1 day a week in the last 3 months, as-
sociated with two or more of the following:
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ABSTRACT
A diet low in fermentable oligosaccharides, disaccharides, 
monosaccharides, and polyols (FODMAPs) has been 
found to signifi cantly reduce symptoms of irritable bowel 
syndrome (IBS). The diet is best implemented in two 
phases: initial strict elimination of foods high in FOD-
MAPs, then gradual reintroduction based on symptoms. 
Further study of this diet’s effect on intestinal microbiota 
is needed.

KEY POINTS
In clinical trials, the low-FODMAP diet has been found to 
improve symptoms in up to 70% of patients with IBS. 

FODMAPs are poorly absorbed for a variety of reasons. 

High-FODMAP foods include wheat, onions, legumes, 
dairy products, and many fruits and vegetables. 

The diet initially involves strict elimination of foods high 
in FODMAPs, after which they are gradually reintroduced 
as tolerated. 

A low-FODMAP diet may have negative effects on the 
gut microbiome. Therefore, we should be cautious about 
recommending this diet in the long term. 

Probiotics have a benefi cial effect in IBS and can be taken 
concurrently with the diet. 
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• Symptoms improved by defecation
• Onset associated with a change in frequen-

cy of stool
• Onset associated with a change in form or 

appearance of stool. 
 IBS mainly arises during young adulthood 
but can be diagnosed at any age.3

 The pathophysiology of IBS involves 
mechanisms such as bowel distention, altered 
bowel motility, visceral hypersensitivity, and 
disruption of mucosal permeability.4 Several 
therapeutic modalities targeting these mecha-
nisms have been implemented in IBS man-
agement, including antispasmodics, laxatives, 
antidepressants, antibiotics, and behavioral 
therapy. Diet is only one line of treatment and 
is most effective when part of a multipronged 
approach.

 ■ TRADITIONAL DIETARY MANAGEMENT

Diet is important in inducing the symptoms 
of IBS—and in controlling them. Patients 
identify eating as a common precipitator of 
symptoms, but the complex diet-symptom 
interaction is not fully understood and var-
ies widely among patients. Traditional dietary 
advice for IBS includes adhering to a regular 
meal pattern, avoiding large meals, and re-
ducing intake of fat, insoluble fi bers, caffeine, 
spicy and gas-producing foods, and carbonated 
beverages.5,6

Increase soluble fi ber
Fiber and fi ber supplements, particularly sol-
uble fi bers such as psyllium, calcium polycar-
bophil, and ispaghula husk are often recom-
mended. A meta-analysis7 found that soluble 
fi ber but not insoluble fi ber (eg, wheat bran) is 
associated with an improvement in IBS symp-
toms (relative risk [RR] 0.84, 95% confi dence 
interval [CI] 0.73–0.94). By improving stool 
consistency and accelerating transit, soluble 
fi ber is especially useful in constipation-pre-
dominant IBS while posing a low risk for ad-
verse outcomes.7 Fiber should be started at a 
low dose and gradually increased over several 
weeks to as much as 20 to 30 g/day.

Avoid wheat
Only about 4% of patients with IBS also have 
celiac disease, but estimating the prevalence 
of nonceliac gluten sensitivity is confounded 

by overlapping symptoms. There is some evi-
dence implicating gluten in IBS: celiac disease 
and IBS overlap in their symptoms, and symp-
toms are often precipitated by gluten-contain-
ing foods in patients with IBS.8 The patho-
genesis of gluten-induced (or wheat-induced) 
symptoms in IBS is unclear, and studies have 
had confl icting results as to the benefi ts of glu-
ten restriction in IBS.9 
 In a study of patients with IBS whose  
symptoms improved when they started a glu-
ten-free and low-FODMAP diet, symptoms 
did not return when gluten was reintroduced, 
suggesting that it is the fructan (a FODMAP) 
component of wheat rather than gluten that 
contributes to symptoms in IBS.10

Probiotics
Probiotics are increasingly being recommend-
ed as dietary supplements for people with IBS, 
as awareness increases of  the importance of the 
gut microbiota. In addition to their effects on 
the gut microbiota, probiotics in IBS have been 
shown to have anti-infl ammatory effects, to al-
ter gut motility, to modulate visceral hypersen-
sitivity, and to restore epithelial integrity. 
 In a meta-analysis, Ford et al11 found that 
probiotics improved global IBS symptoms 
more than placebo (RR 0.79, 95% CI 0.70–
0.89) and also reduced abdominal pain, bloat-
ing, and fl atulence scores. 
 Which species and strains are most ben-
efi cial and the optimal dosing and duration 
of treatment are still unclear. Data from stud-
ies of prebiotics (nutrients that encourage the 
growth of probiotic bacteria) and synbiotics 
(combinations of prebiotics and probiotics) are 
limited and insuffi cient to draw conclusions. 

 ■ FODMAPs ARE SHORT-CHAIN
CARBOHYDRATES

The term FODMAPs was initially coined by 
researchers at Monash University in Austra-
lia to describe  a collection of poorly absorbed 
short-chain fermentable carbohydrates that 
are natural components of many foods:
• Oligosaccharides, including fructans (which 

include inulins) and galacto-oligosaccha-
rides

• Disaccharides, including lactose and su-
crose

• Monosaccharides, including fructose

IBS has
a signifi cant
impact on
quality of life
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• Polyols, including sorbitol and mannitol.12 
 Intake of FODMAPs, especially fructose, 
has increased in Western diets over the past 
several decades from increased consumption 
of fruits and concentrated fruit juices, as well 
as from the widespread use of high-fructose 
corn syrup in processed foods and beverages.13 

 ■ FODMAPs ARE POORLY ABSORBED

Different FODMAPs can be poorly absorbed 
for different reasons (Table 1). The poor ab-
sorption is related either to reduced or absent 
digestive enzymes (ie, hydrolases) or to slow 
transport across the intestinal mucosa. Excess 
FODMAPs in the distal small intestine and 
proximal colon exert osmotic pressure, draw-
ing more water into the lumen. FODMAPs 
are also rapidly fermented by colonic bacteria, 
producing gas, bowel distention, and altered 
motility, all of which induce IBS symptoms.14 
 Fructans are fructose polymers that are not 
absorbed in human intestines. They have no 
intestinal hydrolases and no mechanisms for 
direct transport across the epithelium. How-
ever, a negligible amount may be absorbed af-
ter being degraded by microbes in the gut.15 
Most dietary fructans are obtained from wheat 
and onion, which are actually low in fructans 
but tend to be consumed in large quantities.16

 Galacto-oligosaccharides are available for 
colonic fermentation after ingestion due to 
lack of a human alpha-galactosidase. Com-
mon sources of galacto-oligosaccharides in-
clude legumes, nuts, seeds, some grains, dairy 
products, human milk, and some commercial-
ly produced forms added to infant formula.17,18 
 Lactose is poorly absorbed in people with 
lactase defi ciency. It is mainly present in dairy 
products but is also added to commercial 
foods, including breads, cakes, and some diet 
products.19

 Fructose is the most abundant FODMAP 
in the Western diet. It is either present as a 
free sugar or generated from the digestive 
breakdown of sucrose. In the intestine, it is 
absorbed via a direct low-capacity glucose 
transporter (GLUT)-5 and through GLUT-2, 
which is more effi cient but requires the coexis-
tence of glucose. Because of this requirement, 
fructose is more likely to be malabsorbed when 
present in excess of glucose, as in people with 

diminished sucrase activity. The main sources 
of fructose in the Western diet are fruits and 
fruit products, honey, and foods with added 
high-fructose sweeteners.13

 Polyols such as sorbitol and mannitol are 
absorbed by slow passive diffusion because 
they have no active intestinal transport sys-
tem. They are found in fruits and vegetables. 
Sugar-free chewing gum is a particularly rich 
source of sorbitol.20

 ■ QUANTIFYING FODMAP CONTENT

As interest in the low-FODMAP diet grew, 
studies were conducted to quantify FOD-
MAPs in foods. One study used high-per-
formance liquid chromatography to analyze 
FODMAP content in foods,21 and another 
evaluated fructan levels in a variety of fruits 
and vegetables using enzymatic hydrolysis.22 
The Monash University low-FODMAP diet 
smartphone application provides patients and 
healthcare providers easy access to updated 
and detailed food analyses.23

 Table 2 lists foods high in FODMAPs 
along with low-FODMAP alternatives. Total 
FODMAP intake is important, as the effects 
are additive.24 Readers and patients can be 
directed to the following websites for more 
information on the low-FODMAP diet: www.
med.monash.edu/cecs/gastro/fodmap or www.
ibsfree.net/what-is-fodmap-diet.

In wheat,
fructan rather 
than gluten 
may contribute 
to IBS
symptoms

TABLE 1

Patterns of malabsorption of FODMAPs

Oligosaccharides
Fructans: no suitable small-intestinal hydrolases—negligible absorption
Galacto-oligosaccharides: no human alpha-galactosidase—minimal
  absorption

Disaccharides (lactose)
No absorption if lactase is defi cient

Fructose
Absorptive capacity limited when in excess of glucose—low in 30%
  (considered to have fructose malabsorption)

Polyols
Slow passive diffusion and absorption only (< 20%)

FODMAPs = fermentable oligosaccharides, disaccharides, monosaccharides, and polyols
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 ■ LOW-FODMAP DIET REDUCES SYMPTOMS

The low-FODMAP diet was inspired by the 
results of several studies that evaluated the 
role of dietary carbohydrates in inducing IBS 
symptoms and found improvement with their 
restriction.25,26 

 One study found that 74% of patients with 
IBS had less bloating, nausea, abdominal pain, 
and diarrhea when they restricted their intake 
of fructose and fructans.27

 A prospective trial randomized 41 patients 
with IBS to 4 weeks of either a low-FODMAP 

TABLE 2

Foods with high-FODMAP content, and low-FODMAP alternatives

FODMAP type High-FODMAP foods Alternative low-FODMAP foods

Oligosaccharides 
(fructans/galacto-
oligosaccharides)

Vegetables: artichokes, asparagus, beets, brussels 
sprouts, broccoli, cabbage, fennel, garlic, leeks, okra, 
onions, peas, shallots

Bamboo shoots, bell peppers, bok choy, 
carrots, celery, chard, chayote, chives, choy 
sum, corn, eggplant, green beans, lettuce, 
parsnips, pumpkins, spring onions (green 
part only), tomatoes; onion and garlic sub-
stitutes: garlic-infused oil

Fruits: watermelon, apple, white peaches, persimmon Bananas, blueberries, cantaloupes, caram-
bola, durian, grapefruit, grapes, honeydew 
melon, kiwi, lemons, limes, mandarin, 
oranges,
passion fruit, pawpaw, raspberries,
strawberries, tangelos

Wheat and rye when eaten in large amounts
(eg, bread, pasta, couscous, cookies, crackers, biscuits)

Gluten-free and spelt bread and cereal 
products

Legumes: chickpeas, lentils, kidney beans, baked 
beans, soy beans

Canned chickpeas

Disaccharides 
(lactose)

Milk (cow, goat, sheep), yogurt, soft cheeses,
custard, ice cream

Lactose-free milk and yogurt, rice milk, hard 
cheeses, butter, ice cream substitutes such 
as gelato and sorbet

Monosaccharides
(fructose)

Fruits: apples, Asian pears, pears, clingstone peaches, 
mango, sugar snap peas, watermelon, canned fruit in 
natural juice; large total fructose dose: concentrated 
fruit sources; large servings of fruit, dried fruit, fruit 
juice 

As listed above

Honey Maple syrup, golden syrup

Sweeteners: fructose, high fructose corn syrup Sweeteners: any except polyols

Polyols Vegetables: avocados, caulifl ower, mushrooms, snow 
peas, sweet corn

As listed above

Fruits: apples, apricots, Asian pears, cherries, longon, 
lychee, nectarines, peaches, pears, plums, prunes, 
watermelon

As listed above

Sweeteners: isomalt, maltitol, mannitol, sorbitol, xylitol  Sucrose, glucose
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diet or their habitual diet.28 The low-FOD-
MAP diet resulted in greater improvement in 
overall IBS symptoms (P < .05) and stool fre-
quency (P = .008). This study was limited by 
different habitual diets between patients and 
by lack of standardization of the low-FOD-
MAP diet. 
 Halmos et al,29 in a randomized crossover 
trial, compared gastrointestinal symptoms in 
IBS patients over 3 weeks on a low-FODMAP 
diet vs a moderate-FODMAP (ie, regular) 
diet, as well as in healthy controls. Food was 
provided by the study and was matched for 
all nutrients. Up to 70% of the IBS patients 
had signifi cantly lower overall symptom scores 
while on a low-FODMAP diet vs IBS patients 
on a regular diet (P < .001); bloating, abdomi-
nal pain, and fl atulence were reduced. Symp-
toms were minimal and unaffected by either 
diet in the healthy controls.
 A double-blind trial30 randomly assigned 
25 patients with IBS who initially responded 
to a low-FODMAP diet to be challenged by 
a graduated dose of fructose alone, fructans 
alone, a combination of both, or glucose. The 
severity of overall and individual symptoms 
was markedly more reduced with glucose con-
sumption than with the other carbohydrates: 
70% of patients receiving fructose, 77% of 
those receiving fructans, and 79% of those re-
ceiving a mixture of both reported that their 
symptoms were not adequately controlled, 
compared with 14% of patients receiving glu-
cose (P ≤ .002).30

 Murray et al31 evaluated the gastrointesti-
nal tract after a carbohydrate challenge con-
sisting of 0.5 L of water containing 40 g of 
glucose, fructose, or inulin or a combination 
of 40 g of glucose and 40 g of fructose in 16 
healthy volunteers. Magnetic resonance imag-
ing was performed hourly for 5 hours to assess 
the volume of gastric contents, small-bowel 
water content, and colonic gas. Breath hydro-
gen was also measured, and symptoms were 
recorded after each imaging session. 
 Fructose signifi cantly increased small-bow-
el water content compared with glucose (mean 
difference 28 L/min, P < .001), but combined 
glucose and fructose lessened the effect. Inulin 
had no signifi cant effect on small-bowel water 
content (mean difference with glucose 2 L/
min, P > .7) but led to the greatest production 

of colonic gas compared with glucose alone 
(mean difference 15 L/min, P < .05) and com-
bined glucose and fructose (mean difference 12 
L/min, P < .05). Inulin also produced the most 
breath hydrogen: 81% of participants had a rise 
after drinking inulin compared with 50% after 
drinking fructose. Glucose did not affect breath 
hydrogen concentrations, and combined glu-
cose and fructose signifi cantly reduced the 
concentration measured vs fructose alone. In 
patients who reported “gas” symptoms, a cor-
relation was observed between the volume of 
gas in the colon and gas symptoms (r = 0.59, P 
< .0001).31 
 The authors concluded31 that long-chain 
carbohydrates such as inulin have a greater ef-
fect on colonic gas production and little effect 
on small-bowel water content, whereas small-
chain FODMAPs such as fructose are likely 
to cause luminal distention in both the small 
and large intestines. The study also showed 
that combining equal amounts of glucose and 
fructose reduces malabsorption of fructose in 
the small bowel and reduces the effect of fruc-
tose on small-bowel water content and breath 
hydrogen concentration.31

 ■ PROBIOTICS HELP

A Danish study32 randomized 123 patients 
with IBS to one of three treatments: a low-
FODMAP diet, a normal diet with probiotics 
containing the strain Lactobacillus rhamnosus 
GG (two capsules daily), or no special inter-
vention. Symptoms were recorded weekly. 
IBS severity scores at week 6 were lower in 
patients on either the low-FODMAP diet or  
probiotics compared with the control group (P 
< .01). Subgroup analysis determined that pa-
tients with primarily diarrheal symptoms were 
more likely to have improved quality of life 
with the low-FODMAP diet.

 ■ A LOW-FODMAP DIET MAY ALSO HELP 
IN INFLAMMATORY BOWEL DISEASE

The low-FODMAP diet has also been studied 
in patients with infl ammatory bowel disease 
with functional gut symptoms. In a retrospec-
tive pilot study,33 overall symptoms improved 
in about half of such patients on a low-FOD-
MAP diet. A controlled dietary intervention 
trial is needed to confi rm these fi ndings and 

Intake
of FODMAPs, 
especially
fructose, 
has increased
in Western diets
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Restricting
FODMAPS 
improved IBS 
symptoms
in about 70%
of patients

defi ne the role of the low-FODMAP approach 
for patients with infl ammatory bowel disease.
 Marsh et al34 performed a meta-analysis 

of six randomized clinical trials and 16 non-
randomized interventions of a low-FODMAP 
diet on improving functional gastrointestinal 
symptoms in patients with either IBS or in-
fl ammatory bowel disease. They found signifi -
cant improvements in:
• IBS Symptoms Severity Scores in the ran-

domized trials (odds ratio [OR] 0.44, 95% 
CI 0.25–0.76) 

• IBS Symptoms Severity Scores in the non-
randomized interventions (OR 0.03, 95% 
CI 0.01–0.2)  

• IBS Quality of Life scores in the random-
ized trials (OR 1.84, 95% CI 1.12–3.03) 

• IBS Quality of Life scores in the nonran-
domized interventions (OR 3.18, 95% CI 
1.6–6.31)

• Overall symptom severity in the random-
ized trials (OR 1.81, 95% CI 1.11–2.95). 

 ■ DIETARY COUNSELING IS RECOMMENDED

Adherence is a major factor in the success 
of the low-FODMAP diet in IBS manage-
ment and is strongly correlated with improved 
symptoms.35 Patients should be counseled on 
the role of food in inducing their symptoms. 
Haphazard dietary advice can be detrimental 
to outcomes, as many diets restrict food groups, 
impairing the consumption of essential nutri-
ents.36 The involvement of a knowledgeable 
dietitian is helpful, as physicians may lack suf-
fi cient training in dietary skills and knowledge 
of food composition. 
 Access to and cost of dietary counseling 
can be prohibitive for some patients. Group 
consultation, which can decrease costs to 
each patient, has been found to be as effective 
as one-on-one sessions when administering 
the low-FODMAP diet in functional bowel 
disorders.37 

 ■ ELIMINATION, THEN REINTRODUCTION

Before embarking on the low-FODMAP diet, 
the patient’s interest in making dietary chang-
es should be explored, a dietary history taken, 
and unusual food choices or dietary behaviors 
assessed. The patient’s ability to adopt a re-
stricted diet should also be gauged. 

 The diet should be implemented in two 
phases. The initial phase involves strict elimi-
nation of foods high in FODMAPs, usually 
over 6 to 8 weeks.38 Symptom control should 
be assessed: failure to control symptoms re-
quires assessment of adherence. 
 If symptoms are successfully controlled, 
then the second phase should begin with the 
aim of following a less-restricted version of 
the diet as tolerated. Foods should gradually 
be phased back in and symptoms monitored. 
This approach minimizes unnecessary dietary 
restriction and ensures that a maximum vari-
ety in the diet is achieved while maintaining 
adequate symptom control.39

 ■ LOW-FODMAP DIET ALTERS 
THE GUT MICROBIOTA

Multiple putative benefi ts of certain bacterial 
species for colonic health have been report-
ed, including the production of short-chain 
fatty acids. Colonic luminal concentrations 
of short-chain fatty acids may be important to 
gut health, given their role in intestinal secre-
tion, absorption, motility, and epithelial cell 
structure. Because short-chain fatty acids are 
products of bacterial fermentation, a change 
in the delivery of fermentable substrates to the 
colon would be expected to alter the concen-
trations and output of fecal short-chain fatty 
acids.18 
 Several studies evaluated the effect of 
the low-FODMAP diet on intestinal micro-
biota, fi nding a change in the bacterial profi le 
in the stool of patients who adopt this diet. 
Staudacher et al28 found a marked reduction 
in luminal bifi dobacteria concentration after 
4 weeks of a low-FODMAP diet in patients 
with IBS.
 A single-blind randomized crossover trial40 
investigated the effects of a low-FODMAP 
diet vs a carefully matched typical Australian 
diet in 27 patients with IBS and 6 healthy 
controls. Marked differences in absolute and 
relative bacterial abundance and diversity 
were found between the diets, but not in short-
chain fatty acids or gut transit time. Compared 
with fecal microbiota on the typical diet, low 
FODMAP intake was associated with reduced 
absolute abundance of bacteria, and the typi-
cal FODMAP diet had evidence of stimula-
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tion of the growth of bacterial groups with 
putative health benefi ts. 
 The authors concluded40 that the func-
tional signifi cance and health implications of 
such changes are reasons for caution when re-
ducing FODMAP intake in the long term and 
recommended liberalizing FODMAP restric-
tion to the level of adequate symptom control 
in IBS patients. The study also recommended 
that people without symptoms not go on the 
low-FODMAP diet.40

 Molecular approaches to characterize the 
gut microbiota are also being explored in an 
effort to identify its association with diet.  
 The sustainability of changes in gut mi-
crobiota and the potential long-term impact 
on health of following a low-FODMAP diet 
require further evaluation. In the meantime, 
patients following this diet should have FOD-
MAP foods reintroduced based on tolerance 
and should consider taking probiotic supple-
ments.41

 ■ DIETARY ADEQUACY 
OF THE LOW-FODMAP DIET

Continual dietary counseling should mini-
mize nutritional inadequacies and ensure that 
FODMAPS are restricted only enough to con-
trol symptoms. Because no single food group 

is completely eliminated in this diet, patients 
are unlikely to experience inadequate nutri-
tion. 
 Ledochowski et al26 found that in the ini-
tial, strict phase of the diet, total intake of car-
bohydrates (eg, starches, sugars) was reduced 
but intake of total energy, protein, fat, and 
nonstarch polysaccharides was not affected. 
Calcium intake was reduced in those follow-
ing a low-FODMAP diet for 4 weeks. 
 The diet can also reduce total fi ber in-
take and subsequently worsen constipation-
predominant IBS. For those patients, lightly 
fermented high-fi ber alternatives like oat and 
rice bran can be used.

 ■ ACCUMULATING EVIDENCE

The low-FODMAP diet is accumulating qual-
ity evidence for its effectiveness in controlling 
the functional gastrointestinal symptoms in 
patients with IBS. It can be diffi cult to adhere 
to over the long term due to its restrictiveness, 
and it is important to gradually liberalize the diet 
while tailoring it to the individual patient and 
monitoring symptoms. Further clinical trials are 
needed to evaluate this diet in different IBS sub-
types and other gastrointestinal disorders, while 
defi ning its nutritional adequacy and effects on 
the intestinal microbiota profi le. ■
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