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CLINICAL REVIEWS

Dietary Fructose and Gastrointestinal Symptoms:
A Review
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It has been proposed that fructose may cause or aggravate symptoms in patients with functional
gastrointestinal disorders. Fructose is commonly used to sweeten processed foods, and the
prevalence of incomplete fructose absorption (25 g, 10%) in healthy subjects is as high as 50%.
The only controlled study that has been performed did not demonstrate a higher prevalence of
fructose-induced gastrointestinal symptoms or incomplete fructose absorption in patients with
functional gastrointestinal disorders. The amount and concentration of fructose used to evaluate
absorption by breath testing has varied among studies. Moreover, dietary sources of fructose
usually contain glucose, which increases fructose absorption in healthy subjects. Thus, breath
testing with fructose alone may not reflect fructose ingestion under normal circumstances. Given
these limitations, we suggest that a practical, empirical approach to testing in patients with
suspected incomplete fructose absorption is to restrict fructose ingestion. Additional controlled
studies are needed to clarify the relation between incomplete fructose absorption and symptoms,
assess the effects of coingestion of other sugars on fructose absorption, and evaluate the effects of
eliminating sugars from the diet on gastrointestinal symptoms.

(Am J Gastroenterol 2004;99:2046–2050)

INTRODUCTION

Fructose, a naturally occurring sugar, has increasingly been
used as a sweetener since the introduction of high-fructose
corn syrups in the 1960s. Fructose is incompletely absorbed
even in healthy subjects. Recent studies suggest that fructose
intolerance may partly explain gastrointestinal symptoms in
patients with functional bowel disorders. This article reviews
mechanisms for, and factors affecting fructose absorption,
evaluates the evidence implicating fructose intolerance as a
cause for symptoms in functional bowel disorders, and out-
lines an approach for evaluating fructose intolerance in clin-
ical practice.

DIETARY SUGARS

Fructose, glucose, and galactose are the three major di-
etary monosaccharides. Sucrose (glucose–fructose), lactose
(glucose–galactose), and maltose (glucose–glucose) are the
major disaccharides. Dietary fructose, therefore, occurs
in two forms: monosaccharide or disaccharide. Fructose
monosaccharide is the sweetest of all natural sugars (1).
Honey and fruits (Table 1) were the main dietary sources
of fructose monosaccharide prior to the introduction of high-
fructose corn syrups in the 1960s. These syrups were de-
veloped to provide a cheaper alternative to sucrose (table
sugar) in food processing. Since their introduction, the use of
high-fructose corn syrups has become widespread, dramat-
ically increasing the amount of fructose monosaccharide in

our food supply (2). High-fructose corn syrups are now found
in beverages, dairy products, and canned, baked, or processed
foods worldwide (3).

PRINCIPLES OF SUGAR ABSORPTION

Only monosaccharides are absorbed across the intestinal ep-
ithelium. Therefore, disaccharides must be enzymatically
cleaved into their monosaccharide components to be ab-
sorbed. Glucose and galactose share a transporter and are
efficiently absorbed across the intestinal epithelium against
a concentration gradient by an energy-dependent process re-
ferred to as active transport. Mannose, another monosaccha-
ride, crosses the epithelium slowly, moving from high to low
concentration by passive diffusion. The rate of fructose ab-
sorption is between that of mannose and glucose (4). Fructose
monosaccharide is absorbed by carrier-mediated facilitated
diffusion, an energy-independent process. The fructose car-
rier is a member of the glucose transport (GLUT) family
of genes encoding for facilitative sugar transporters and is
referred to as GLUT 5. GLUT 5 is a high-affinity fructose
transporter found on the luminal surface of small intestine
epithelial cells (5).

Sucrose is cleaved to glucose and fructose by sucrase, an
enzyme located in the brush border of small intestine entero-
cytes. For unclear reasons, the absorptive capacity for fruc-
tose derived from sucrose exceeds that of fructose monosac-
charide in healthy individuals (6, 7).
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Table 1. Carbohydrate Composition of Common Foods

Per 100 g Fructose Glucose Sorbitol
Edible Portion (g) (g) (g)

Apples Up to 6.0 1.7 Up to 1.0
Pears Up to 8.9 2.5 Up to 4.5
Bananas Up to 3.8 4.5 0
Sweet cherry Up to 7.2 4.7 Up to 12.6
Strawberries Up to 2.5 2.6 0
Grapes Up to 10.5 Up to 8.2 0
Plums Up to 4.0 Up to 5.5 Up to 2.8
Prunes Up to 23 Up to 30 Up to 15
Dates Up to 31 Up to 24.9
Peaches Up to 1.5 1.5 Up to 1.3
Apple juice 6–8 1–4 0.3–1.0
Pear juice 5–9 1–2 1.1–2.6
Orange juice Up to 5.3 2.4 0
Honey 35 29 0

(100 g or 3 tblsp)
Sugar-free gum – – 1.3–2.2 per piece

and mints

Compiled from References (16, 25, 37–39).

TESTING FOR INCOMPLETE FRUCTOSE ABSORPTION

Similar to other carbohydrates, incomplete fructose absorp-
tion can be identified noninvasively by measuring breath hy-
drogen following a fructose load. Colonic bacterial fermen-
tation of carbohydrates, which are not absorbed in the small
bowel, results in the production of short-chain fatty acids, hy-
drogen, carbon dioxide, and trace gases. Hydrogen is not me-
tabolized by humans and must be excreted in breath and flatus
and/or consumed by colonic bacteria, producing methane or
sulfide.

In general, a rise in breath hydrogen of greater than 20
parts per million (ppm) peaking 2–3 h following substrate
ingestion reflects incomplete absorption (8). An earlier peak
in breath hydrogen (i.e., within 1 h of substrate ingestion) may
reflect rapid small bowel transit, small bowel bacterial over-
growth, or substrate fermentation by oral flora. An antibacte-
rial mouth rinse prior to testing can eliminate the confounding
effects of oral flora. Increased fasting breath hydrogen levels
may represent small bowel bacterial overgrowth or colonic
fermentation of carbohydrates contained in a previous meal
(8). There are two potential pitfalls to assessing incomplete
fructose absorption by breath hydrogen testing. First, a breath
hydrogen response requires that hydrogen-producing bacteria
are present and they outnumber hydrogen-consuming bacte-
ria. Individuals who cannot generate a breath hydrogen re-
sponse to lactulose, a nonabsorbable synthetic disaccharide,
probably lack the flora necessary to generate a breath hydro-
gen response to any saccharide. In these individuals, breath
testing for methane may identify carbohydrate malabsorption
(9). Second, the appropriate dose and concentration of fruc-
tose for breath testing is disputed (10). Incomplete absorp-
tion after a 50 g fructose load was observed in 37.5% (10%
solution) and 71% (20% solution) of healthy people (7). A
10% fructose concentration approximates more closely than a

20% concentration to the fructose concentration of soft drinks
(e.g., (12%). A lower fructose load may be more specific for
recognizing genuine fructose intolerance, since subjects with
the lowest absorptive capacity are more likely to overwhelm
absorptive capacity by dietary fructose content.

FRUCTOSE ABSORPTIVE CAPACITY IN HEALTHY SUBJECTS

In healthy individuals, fructose absorptive capacity has been
estimated by determining breath hydrogen response to vary-
ing doses and concentrations of fructose in the fasting state.
The absorptive capacity for fructose ranged from less than
5 g to greater than 50 g (6), was unrelated to age or sex
(11, 12), and was dose and concentration dependent (6, 7,
12, 13). When the fructose dose was increased from 25 to
50 g (10% solution), the prevalence of incomplete absorp-
tion increased, e.g., from 0 to 37.5%, 11 to 58%, and 50 to
80%, respectively, in three different studies (6, 7, 12). Simi-
larly, when the fructose concentration was doubled from 10 to
20%, the prevalence of incomplete absorption of 50 g fruc-
tose increased from 37.5 to 71.4% (7). These data suggest
that for a 10% solution, the threshold for fructose absorption
in most healthy individuals lies between 25 and 50 g.

Gastrointestinal symptoms after fructose ingestion may
not correlate with the degree of breath hydrogen response.
Gastrointestinal symptoms (e.g., flatulence, abdominal dis-
comfort, and/or diarrhea) were reported by 46% of healthy
subjects who incompletely absorbed 25 g fructose (14) and
50–83% of those who incompletely absorbed 50 g (7, 12).
Another study found mild or no symptoms associated with
incomplete absorption of 50 g fructose (6). Thus, relying
on breath hydrogen response alone to diagnose fructose in-
tolerance will incorrectly label some “tolerant” incomplete
absorbers as fructose intolerant and miss the diagnosis in
others.

FRUCTOSE ABSORPTIVE CAPACITY IN FUNCTIONAL
BOWEL DISORDERS

In uncontrolled studies, the prevalence of incomplete fructose
absorption (25 g) was higher in patients with functional bowel
disorders, i.e., 36–75% (13, 15–17) compared to the preva-
lence (i.e., 0–50%) reported in healthy subjects (6, 7, 12).
In the only controlled study, the frequency of incomplete fruc-
tose absorption and gastrointestinal symptoms in patients was
not significantly different from controls (16). Another study
demonstrated that IBS patients with incomplete absorption
had significantly higher total symptom scores compared to
IBS patients who absorbed fructose (15).

SYMPTOMATIC INCOMPLETE ABSORPTION

The mechanism by which incompletely absorbed fructose
causes gastrointestinal symptoms is not fully understood.
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Conceivably, the osmotic effects of fructose may cause
symptoms by intestinal distention. While IBS patients have
an exaggerated perception of bowel distention, symptoms
after fructose–sorbitol ingestion were not associated with
increased sensitivity to jejunal balloon distension (18). Al-
ternatively, symptoms may be caused by colonic distention
resulting from colonic bacterial fermentation of incompletely
absorbed sugars. The relationship of symptoms after fruc-
tose ingestion to colonic sensitivity is unknown. The colonic
anaerobic bacterial flora may also contribute to symptoms
after fructose ingestion (14) by fermenting incompletely ab-
sorbed fructose to short-chain fatty acids, which stimulate
colonic motility (19).

DIETARY FACTORS THAT FACILITATE
FRUCTOSE ABSORPTION

In previous studies, glucose, galactose (6, 11, 12, 20), and
certain amino acids (21) increased fructose absorption. The
extent to which glucose increases fructose absorption de-
pends on the proportion of glucose relative to fructose (6).
An equimolar dose of glucose prevented incomplete fruc-
tose absorption in healthy subjects (6, 11) and glucose at
one-half the fructose dose decreased the prevalence of in-
complete absorption by over 50% (6). Glucose and certain
amino acids (e.g., alanine, proline, and glutamine) (21) facil-
itated fructose absorption, presumably by solvent drag and
passive diffusion (20–23). In addition, it is conceivable that
glucose delayed gastric emptying, thereby facilitating fruc-
tose absorption (24).

SORBITOL IMPEDES FRUCTOSE ABSORPTION

Sorbitol is one of several sugar alcohols found naturally
(Table 1) and used as “sugar-free” sweeteners by food in-
dustry, primarily because they do not promote tooth decay or
cause hyperglycemia. For these reasons, sugar alcohols are
used in “sugarless” gums and candies, and in ketogenic and
diabetic foods. Sorbitol is incompletely absorbed (25). More-
over, doses of sorbitol and fructose that are absorbed when in-
gested separately may be incompletely absorbed when taken
together (26). Incomplete absorption of fructose and sorbitol
may cause gastrointestinal symptoms in IBS. Thus, 40–75%
of healthy subjects (27, 28) incompletely absorbed a mix-
ture of fructose (25 g) and sorbitol (5 g); most were asymp-
tomatic (27) and breath hydrogen levels did not correlate
with symptoms (27, 28). By comparison, 30–100% of IBS
patients (15–18, 27, 28) incompletely absorbed this mixture.
Moreover, in contrast to fructose alone (16), the prevalence
of gastrointestinal symptoms after fructose–sorbitol inges-
tion was higher in IBS patients compared to healthy subjects
(16, 27, 28). This interaction between fructose and sorbitol
absorption is critical to understanding the gastrointestinal ef-
fects of sweeteners since it is likely that these sweeteners will
be consumed together as fruits/juices (Table 1) or as a result

of combining processed foods. The interaction between fruc-
tose and sorbitol absorption may reflect competition for the
same receptor (26) or acceleration of transit by a synergis-
tic osmotic effect (29). The effects of glucose on absorption
of a fructose–sorbitol mixture are unknown. Since glucose
enhanced the absorption of sorbitol (30–32) and fructose ad-
ministered separately (6, 11, 20), it is conceivable that glucose
will also facilitate absorption of a fructose–sorbitol mixture.

EFFECT OF FRUCTOSE AND FRUCTOSE–SORBITOL
RESTRICTED DIETS IN IBS

Functional gastrointestinal symptoms resolved after dietary
fructose restriction in an unblinded, uncontrolled report of
four patients (33). Forty percent (16) to 56% (34) of IBS
patients reported substantial improvement in symptoms af-
ter restriction of one or more of the following (i.e., lactose,
fructose, sorbitol) incompletely absorbed sugar(s). Patient
compliance with fructose-restricted diets has been variable
(35, 36). Thus, only 54% of subjects instructed in a fructose-
restricted diet complied with dietary fructose restriction for
more than 50% of the time from 6 to 18 months after begin-
ning the diet (36). Patient compliance is influenced, among
other factors, by the widespread distribution of fructose in
food products. Gastrointestinal symptoms improved signifi-
cantly in patients who complied, but not in patients who did
not comply with a fructose-restricted diet.

DIETARY IMPLICATIONS

These studies can be used to guide dietary recommendations
for patients who may be fructose intolerant. Assuming that
an equimolar amount of glucose prevents incomplete fructose
absorption in functional bowel disease as it does in healthy
subjects, then only sources containing more fructose than
glucose, (i.e., excess fructose) need to be restricted. Fruits
and juices that provide glucose in equal (or greater) amounts
as fructose (i.e., bananas, strawberries) may be well tolerated.
Fruits and juices containing excess fructose (i.e., honey, dates,
oranges) or excess fructose plus sorbitol (i.e., cherries, apples,
pears) may be poorly tolerated, particularly if ingested in
excess and/or without other food or drink.

The main source of fructose in processed foods is high-
fructose corn syrups (HFCS). These are mixtures containing
either approximately 42 or 55% fructose as defined in Title
21, Chapter I, Part 184, Sec. 184.1866 in the Code of Federal
Regulations. In contrast to HFCS, corn syrup mainly contains
glucose derivatives (3). Although the name suggests other-
wise, glucose is the predominant sugar present in HFCS-
42 (53% glucose, 42% fructose, 5% oligosaccharide) (1).
HFCS-55 (42% glucose, 55% fructose, 3% oligosaccharide)
contains a small excess of fructose (1). Foods sweetened with
HFCS contain one of these two fractions. While fractions ap-
proaching pure fructose are available, their use is limited to
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specialty items such as nutritional bars and “lite” or reduced
calorie snacks and beverages.

Fructose absorption after ingestion of fructose alone has
not been compared to absorption of fructose contained in
HFCS. HFCS-42 contains glucose in excess of fructose and
should be well absorbed. The small amount of excess fruc-
tose in HFCS-55 may be incompletely absorbed, particularly
in individuals with a low absorptive capacity for fructose.
Since ingredient labels do not specify which fraction they
contain, a conservative approach is to treat all HFCS products
as though they contain HFCS-55. A 12-ounce cola sweetened
with HFCS-55 contains about 40 g of the sweetener, i.e., 22
grams of fructose and 17 grams of glucose, representing a
fructose excess of 5 g per can. Only 1 of 10 healthy individu-
als incompletely absorbed 10 g (possibly even 5 g) of fructose
and had no symptoms (6).

Unless the absorptive capacity for fructose in functional
bowel disease differs from healthy subjects, most people will
absorb the excess fructose (i.e., fructose in excess of glucose)
present in fruit, juice, or processed foods when ingested in
recommended serving sizes. One approach to the patient who
may be fructose intolerant is empiric dietary fructose restric-
tion. Products listing “fructose” or “crystalline fructose” (not
“high-fructose corn syrup”) as an ingredient should be elim-
inated. Juices/fruits containing excess fructose and products
listing “high-fructose corn syrup” as an ingredient should
be consumed in their recommended serving size (nondiet
fountain drinks limited to 12 ounces), with a meal, and with-
out sugar alcohols (unless naturally occurring) or lactose (if
lactose intolerant). Perhaps, it is reasonable to initially limit
ingestion to a maximum of two servings of all foods and
beverages containing excess fructose per meal. If symptoms
persist despite these restrictions and fructose intolerance is
still suspected, a trial eliminating all HFCS items, as well as
natural sources of excess fructose would be appropriate.

CLINICAL IMPLICATIONS

Up to 80% of healthy subjects incompletely absorb 50 g of
fructose. For beverages, total sugar concentrations approxi-
mate 10%. Therefore, breath hydrogen testing conducted with
10% solutions of a smaller fructose dose (e.g., 25 g) may
be more specific for detecting fructose intolerance. There
are two options for dealing with clinically suspected fruc-
tose intolerance, i.e., breath testing or empirical restriction
of dietary fructose. In theory, breath testing is useful for
documenting intolerance of a specific dose and concentra-
tion of fructose in the fasting state, but does not predict
whether the individual will tolerate a lower dose or whether
the presence of other nutrients will improve tolerance. More-
over, since incomplete fructose absorption is relatively com-
mon, incomplete absorption does not necessarily imply cau-
sation of symptoms. Lastly, a negative hydrogen breath test
does not exclude the possibility of incomplete absorption.
A false negative result may occur when there are too few

hydrogen-producing bacteria, too many hydrogen-consuming
bacteria, or inadequate bacterial sugar fermentation. These
limitations of hydrogen breath testing also apply to other car-
bohydrates such as lactose.

An alternative approach for evaluating patients with sus-
pected fructose intolerance is to empirically restrict dietary
fructose without a breath test. Assuming subjects comply
with dietary recommendations, lack of improvement suggests
that symptoms cannot be attributed to incomplete fructose
absorption.
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