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SUMMARY
Background: Adverse food reactions (AFR) have has recently attracted 
 increased attention from the media and are now more commonly reported by 
patients. Its classification, diagnostic evaluation, and treatment are complex 
and present a considerable challenge in clinical practice. Non-immune-
 mediated types of food intolerance have a cumulative prevalence of 30% to 
40%, while true (immune-mediated) food allergies affect only 2% to 5% of the 
German population.

Methods: We selectively searched the literature for pertinent publications on 
carbohydrate malabsorption, with special attention to published guidelines and 
position papers. 

Results: Carbohydrate intolerance can be the result of a rare, systemic 
 metabolic defect (e.g., fructose intolerance, with a prevalence of 1 in 25 000 
persons) or of gastrointestinal carbohydrate malabsorption. The malabsorption 
of simple carbohydrates is the most common type of non-immune-mediated 
food intolerance, affecting 20% to 30% of the European population. This 
 condition is caused either by deficient digestion of lactose or by malabsorption 
of fructose and/or sorbitol. Half of all cases of gastrointestinal carbohydrate 
 intolerance have nonspecific manifestations, with a differential diagnosis 
 including irritable bowel syndrome, intolerance reactions, chronic infections, 
bacterial overgrowth, drug side effects, and other diseases. The diagnostic 
evaluation includes a nutritional history, an H2 breath test, ultrasonography, 
 endoscopy, and stool culture. 

Conclusion: The goals of treatment for carbohydrate malabsorption are to 
 eliminate the intake of the responsible carbohydrate substance or reduce it to a 
tolerable amount and to assure the physiological nutritional composition of the 
patient’s diet. In parallel with these goals, the patient should receive extensive 
information about the condition, and any underlying disease should be 
 adequately treated. 
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A dverse food reactions (AFR) represent a growing 
problem in daily clinical practice. They are 

 classified according to cause (1–3). Nonspecific, 
 immune-mediated (e.g., enzymatic, pharmacological, 
and toxic) AFR predominate, together accounting for 
30% to 40% of all cases, while food allergies 
(FA)—antigen-specific immune reactions divided into 
types I to IV—are much less common, making up 2% 
to 5% of cases (1, 3, 4). Recently published data show 
that the number of studies has increased since 2000: 
from 54 to 77 publications per 2.5-year interval for 
AFR and from 454 to 991 for FA in the period up to 
June 2013. Patients with food-related symptoms seem 
to be taking the problem seriously. Around two thirds of 
patients with irritable bowel syndrome raise the subject 
of AFR with their physicians (2–7, e1–e5).

Nonimmune-related AFR are frequently caused by 
carbohydrates and fats, less often by biogenic amines, 
and do not lead to specific FA (1–5, e1–e3). Carbo -
hydrate intolerance is playing a growing role due to the 
frequent industrial use of sugar substitutes (fructose, 
xylitol), e.g., in foodstuffs for diabetics. A healthy diet 
rich in fruit and vegetables will also often include 
 fructose and sorbitol.

Our aim in this article is to describe the patho -
physiology, clinical presentation, diagnosis, and treat-
ment of carbohydrate malabsorption. A selective survey 
of the Medline database was carried out in June 2013 to 
identify recently published relevant original articles 
and review articles; the search terms were “carbohy-
drate malassimilation,” “carbohydrate maldigestion,” 
carbohydrate malabsorption,” “carbohydrate intoler-
ance,” “lactose intolerance,” “lactase deficiency,” 
“fructose malabsorption,” and “sorbitol malabsorp-
tion.” The findings were compared with our experience 
of nonimmunological AFR. Data from guidelines and 
position papers on irritable bowel syndrome and on 
fructose malabsorption with reference to carbohydrate 
malabsorption were taken into consideration (8, 9). 
 Although a large number of short-term studies on 
carbohydrate intolerance have been published, they 
have varying, sometimes discrepant endpoints. The 
lack of prospective, randomized long-term studies 
means that the evidence with regard to therapeutic 
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 interventions does not exceed level 2 or recommen-
dation level B/C (8–10, e6–e8).

Definition of carbohydrate intolerance
Intolerance to carbohydrates may result from gastro -
intestinal malabsorption of carbohydrates or, less fre-
quently, from systemic metabolic defects (e.g., fructose 
intolerance) (Table 1). With regard to gastrointestinal 
intolerance, one distinguishes between simple and 
complex carbohydrates (Figure 1). The most frequent 
AFR occur with simple carbohydrates. The incidence 
of intolerance in the general population is estimated at 
7% to 20% for lactose (dairy products), 15% to 25% for 
fructose, and 8 to 12% for sorbitol (Box) (5–7, 11, e1, 
e3–e5, e8–e11). Clinically, carbohydrate intolerance in-
duces malabsorption; this occurs in around half of all 
patients with nonspecific AFR and is not infrequently 
misinterpreted as an allergy (3, 6, 7, 11, 12, e12).

Primary and secondary forms
Primary disorders of carbohydrate tolerance are either 
caused by rare congenital defects of the enzymes and 
transport mechanisms involved in normal digestion or 
occur as a result of physiologically determined 
 cessation of enzyme activity, as may be the case with 
lactase (so-called physiological lactase deficiency), 

provided no other associated underlying diseases are 
present (Table 1, Figure 2) (5, 6, 8, 9, 11). Persons with 
primary malabsorption generally show a specific 
 intolerance to the corresponding carbohydrate, e.g., to 
lactose in lactase deficiency or to saccharose in 
 saccharase–isomaltase deficiency.

Secondary forms of carbohydrate maldigestion or 
malresorption are due to organ pathology or to loss of 
the brush border of the small intestinal mucosa. These 
disorders affect multiple carbohydrates in one patient. 
They may be polyetiologic (e.g., intestinal lymphan-
giectasia, mastocytosis), may result from inflammatory 
diseases (e.g., infections, celiac disease, chronic in-
flammatory bowel disease), or may represent reactions 
to toxic substances or treatments (e.g., alcohol 
 consumption, chemotherapy, irradiation) (5, 6, 8–11, 
e9, e10).

Clinical symptoms
The symptoms experienced by patients with carbo -
hydrate malabsorption are caused by lack of breakdown 
or resorption of carbohydrates in the intestinal lumen. 
These carbohydrates are osmotically active, retain fluid 
in the lumen, are metabolized by bacteria, and lead to 
gassy, acid-forming stools (9–12). This results in the 
typical cardinal symptoms of postprandial flatulence, 

TABLE 1

Some important carbohydrate intolerances (5, 11, 13, 21, 33, e9, e16, e21)

*1 Glucose-6-phosphate dehydrogenase deficiency is found particularly in inhabitants of Mediterranean countries with favism, in whom ingestion of fava beans may 
be followed by hemolytic crises, abdominal pain, fever, nausea, vomiting, and diarrhea

*2 Despite a high rate of comorbidity with lactose maldigestion, favism can often be relatively well distinguished due to the presence of anemia, fever, recurrent 
 hemolysis, and diarrhea

Enzyme structure

Combined disaccharide 
 malabsorption syndrome

Isolated disaccharide intolerance

Lactase 
(ß-galactosidase) 

Saccharase  
(sucrase-isomaltase) 

Maltase (α -glucosidase) 

Trehalase

Differential diagnoses to carbohydrate malabsorption

Fructose intolerance  
(levulose intolerance) 

Galactosemia

Glucose-6-phosphate 
 dehydrogenase*1

Target structure

Lactase, saccharase and other 
disaccharides

Lactose

Saccharose

Maltose

Trehalose

Fructose (ketose)-1-phosphate 
aldolase (aldolase B)

Galactokinase

Glucose-6-phosphate*2 

Primary deficiency

Autosomal dominant

Physiological lactase 
 reduction (>5–10 years of 
age); autosomal recessive 
familial lactase deficiency

Autosomal recessive 
saccharase-isomaltase  
deficiency

–

–

Autosomal recessive 
1 : 25 000

Autosomal recessive 
1 : 80 000

X-chromosomal inherited 
enzyme defect

Secondary deficiency or disorder

Severe intestinal inflammation (e.g., 
celiac disease) or extensive small 
 intestinal resection

Inflammatory intestinal diseases 
(e.g., Crohn's disease, celiac 
 disease); extremely rare, ca. 40  
cases described

Inflammatory intestinal diseases 
(e.g., Crohn's disease, celiac  
disease)

Medication with acarbose, miglitol

Chronic small intestinal diseases 
(e.g., celiac disease)

–

–

Medication with sulfonamides
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nausea, meteorism, diarrhea, and nonspecific abdomi-
nal pain. Occasionally constipation, weight loss or 
extraintestinal symptoms (e.g., headache in fructose 
malabsorption) may be found (6, 9–11). Because of the 
rapid passage of the carbohydrates through the 
 gastrointestinal tract, the symptoms often begin as early 
as 30 min after ingestion. They can persist for 6 to 9 h 
after food intake. The patients usually have no 
 symptoms at night or when they abstain from food. 
 Serologically, there are usually no signs of increased 
inflammatory activity (erythrocyte sedimentation rate 
[ESR], C-reactive protein, protein electrophoresis) (5, 
6, 10).

Nutritional history
Interviews with the patient will reveal information 
about nutrition, choice of foods, factors accompanying 
the symptoms, and presence of warning signs (dyspha-
gia, fever, weight or blood loss). The patient should be 
asked what types of foods cause the symptoms (pro-
teins, fats, carbohydrates, biogenic amines, dietary 
fiber) to help identify the group of foodstuffs respon-
sible (Box). Next, the interviewer should enquire about 
intolerance of particular foods within that category as a 
prelude to specific diagnostic testing. In the case of 
fructose and sorbitol malabsorption, in which the 
 patient typically mentions various kinds of fruit and 
vegetables, vegetable allergens and pollen-associated 
FA also have to be tested (1–4, 9, 12).

Hydrogen exhalation test
Nowadays carbohydrate malabsorption is primarily es-
tablished by means of the hydrogen exhalation test (H2 
breath test), in which the patient is given a drink con-
taining 50 g lactose or 25 g fructose, alternatively 5 to 
10 g sorbitol or any other sugar that needs to be tested. 
Exhalation of H2 is then measured every 30 min for a 
period of 150 to 180 min (normal value <20 ppm). 
Since the human body itself does not produce hydrogen 
gas, H2 can occur only if bacteria come into contact 
with carbohydrates and H2, among other substances, is 
formed (pathological value >20 ppm) (8–10). This 
happens only when carbohydrates encounter bacteria 
(bacterial overgrowth) in the small intestine or the 
 normal bacterial flora in the colon. Therefore, an orally 
administered carbohydrate that is completely resorbed 
in a small intestine without bacterial overgrowth will 
not result in an increased amount of H2 in the exhaled 
air. Lactulose, a disaccharide that is not broken down in 
the human small intestine, normally always reaches the 
colon and leads to exhaled H2 of >20 ppm in persons 
who produce H2. In Europe this is around 85% of the 
population; the remaining 10% to 15% are so-called H2 
nonproducers, whose bacterial flora does not produce 
hydrogen gas, so that no exhalation of H2 can be 
measured (9–11). In these cases the H2 breath test 
 always yields values of <20 ppm after administration of 
the above-mentioned carbohydrates and lactulose, so 
that the diagnosis has to be established on the basis of 
the clinical symptoms or the results of other tests.

Lactose intolerance
In around 70% of people worldwide, the activity of the 
lactose (glucose–galactose disaccharide)-cleaving 
 lactase (beta-galactosidase) in the microvilli of the 
small intestinal brush border sinks below a critical 
threshold between the ages of 2 and 5 years; this is the 
most frequent cause of enzyme deficiency (9, 11, 13, 
e1, e9). The rate of primary lactase deficiency varies 
among ethnic groups (e.g., Asia 80% to 100%, Africa 
70% to 95%, USA 15% to 80%, Europe as a whole 
15% to 70%, Germany 15% to 20%) and is based on 
the nonpersistence of lactase after childhood (5, 10, 
12–14, e1, e8, e13, e14). The persistence of lactase 
after childhood in around 30% of the world population 
is due to alterations in the long arm of chromosome 2 of 
the lactase gene (9, 12–14).

The absolute or relative deficiency of lactase means 
that orally consumed lactose reaches lower regions of 
the small intestine and the colon in nonhydrolyzed, 
 osmotically active form. Breakdown by bacteria results 
in production of short-chain fatty acids, methane, 
 carbon dioxide, hydrogen, etc., inducing meteorism, 
flatulence, abdominal pain, and diarrhea (11, 12).

Diagnostic confirmation of the gene mutation shows 
the primary lactase deficiency (11, 13), but cannot pre-
dict whether and from what dosage upwards a person 
will suffer increased symptoms after lactose intake. The 
severity of the symptoms is influenced not only by mal-
digestion but also by other variables such as gastric 
emptying time, small intestinal transit time, intestinal 
flora, and individual symptom threshold. Persons with 
primary lactose intolerance still possess residual lactase 

Carbohydrate intolerance

Galactose Glucose

Saccharose,
trehalose

Maltotriose

Raffinose Fructans,
starch

Complex 
carbohydrates 
(e.g., cellulose)

Fructose Sorbitol

Lactose

Mono-
saccharides

Di- and Tri-
saccharides

Oligo- and 
polysaccharides

FIGURE 1

Carbohydrate intolerance
Among the various forms of carbohydrate intolerance, those most commonly encountered in 
the European population are maldigestion of lactose and malresorption of fructose and sorbi-
tol (sugar alcohol). Glucose malabsorption occurs with bacterial overgrowth in the small in-
testine (H2 breath test). Apart from the rarely occurring glucoamylase deficiency, malabsorp-
tion of complex and/or vegetable carbohydrates is predominantly secondary to other dis-
eases in advanced stages (e.g., chronic pancreatitis, pancreatectomy) (e9, e11)
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activity, so small amounts of lactose (<1–5 g daily) 
cause no discomfort. This is why patients with lactose 
intolerance do not react unfavorably to the minimal 
amounts of lactose (measured in milligrams) contained 
in tablets (11, 13, 17, e8).

The secondary forms of lactose intolerance that 
occur with certain diseases cannot be identified by gen-
etic testing. In such cases the intolerance disappears, 
both in children and in those adults in whom lactase 
persists, as soon as the patient has recovered from the 
disease concerned (e.g., remission of Crohn's disease) 
(13–18).

Intolerance is diagnosed by means of the H2 breath 
test with 50 mg lactose (for children, 2 mg/kg body 
weight BW). The sensitivity and specificity of the test 
are 90% to 95% and 95% to 100%, respectively. The H2 
breath test yields false-negative results in patients with 
no H2-producing intestinal flora (5, 6, 9, 13, 14). 
 Alternatives to the H2 breath test are determination of 
disaccharidase activity in the small intestinal mucosa, 
either directly by biopsy or by blood test (determination 
of blood sugar) after administration of 50 g lactose 
(blood glucose increase >20 mg/dL). The blood test is 
thought to be somewhat less sensitive and specific 
(14–17).

After diagnosis of lactose intolerance, the patient 
should avoid intake of lactose completely for 4 to 6 
weeks. Thereafter, and following consultation with a 
dietician, the tolerated minimal dosage of lactose can 
be consumed (5, 6, 11, 13, e8, e9). It is important to 
train the patient to recognize which foods contain lac-
tose (e.g., ice cream, sausages, bakery produce, and 
convenience foods) (11, 13–16, e9, e14). Other 
 treatment options are:
● Intake of lactase tablets when dairy products are 

consumed (not covered by health insurance in 
Germany; median reduction of symptoms up to 
88% [71% to 90%])

● Consumption of special lactose-free dairy 
 products (<0.1 g lactose/100 g)

● Selection of fermented dairy products (yoghurt, 
curds), which have a lower lactose content than 
nonfermented foods due to bacterial–enzymatic 
breakdown of lactose (17, e8, e9, e13, e14). While 
100 g of full-fat (in Germany, typically 3.5%) pas-
teurized milk contains ca. 5 g lactose, 100 g of a 
fermented product (yoghurt, curds, hard cheese, 
slicing cheese, soft cheese, cream cheese) will 
contain only 1 to 3 g (12–16, e9).

● Finally, intake of a diet regularly comprising the 
same proportions of carbohydrates (50%), protein 
(15% to 20%), and fat (25% to 30%) and without 
low-fat products can achieve prolongation of 
 gastric emptying time and thus slower intestinal 
filling.

Altogether, these measures achieve remission in 
40% to 100% of patients. The variance can be 
 explained by differences among the study groups in 
terms of compliance, underlying diseases, and ethnic 
composition (5, 6, 11, 13–17).

Fructose intolerance
Gastrointestinal malabsorption of fructose should not 
be confused with hereditary fructose intolerance (a 
metabolic disease affecting around 1 in 25 000 
 persons), in which the enzyme fructose-1-phosphate 
 aldolase is missing from the patient’s tissues and 
 fructose-1-phosphate accumulates, causing, among 
other symptoms, postprandial hypoglycemia in infants 
(Figure 2) (5, 9, 12, e3, e9, e15, e16).

In humans the transport system SGLT-1 
 (sodium–glucose cotransporter) is responsible for the 

BOX

Types of foods to be considered when documenting 
the nutritional history in commonly occurring 
 adverse food reactions (AFR)
Questioning should first focus on identifying the group of nutrients (fats, carbohy-
drates, proteins) responsible for the AFR:
● In the case of proteins, besides intolerance of biogenic amines the patient 

must be investigated for allergic reactions; this requires specific allergological 
tests (skin tests, specific IgE, provocation, etc. [1–4, e12]).

● With regard to simple carbohydrates (mono- and disaccharides), it is diagnosti-
cally expedient to identify malabsorption of fructose or sorbitol by enquiring 
about meals with large amounts of fruit and/or vegetables, fruit juices, dried 
fruit, sugar-free chewing gum, low-energy products, candies, etc. (10–12, 28, 
31). Because of its high sweetness and low production costs, fructose is 
 preferentially used in products for diabetics and as a substitute for saccharose 
(5, 6, 21, 31).

● If maldigestion of lactose is suspected, the patient should be asked about 
 consumption of dairy products, foods and drinks containing milk, and sources 
of concealed lactose (convenience foods, instant cappuccino, etc.) (5, 11, 13, 
18).

Biogenic amines 

Putrescine, tyramine
Serotonin
Histamine 

Mono- and disaccharides 

Fructose

Lactose

Sugar substitutes  
(sorbitol, xylitol) 

Oligo- and polysaccharides 

Fructans (inulin, levans)
Raffinose, stachyose 

Maggi seasoning, raw sausage meat
Pineapple, banana, walnut 
Cheese, red wine, tuna, sauerkraut 

Fruit (apple), corn, raisins, honey, potato, fruit juices, 
soft drinks, sweeteners

Dairy products, cappuccino, condensed milk, cheese, 
convenience foods, chocolate 

Fresh and dried fruit (grapes, pears, peaches, plums, 
dates), sugar substitutes, diabetic foods, chewing 
gum, candies 

Wheat products, full-fat milk products, onion, artichoke
Pulses, beans, lentils 
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Fructose malabsorption is often characterized by:
● Excessively rapid arrival of large quantities of 

fructose in the distal small intestine and colon
● Changes in the anaerobic gut flora
● Dose-dependent osmotic effects
● Increased formation of short-chain fatty acids
● Production of methane and CO2 (9, 10, 20, 21).
Fructose and sorbitol malabsorption are frequently 

combined with AFR, FA, and irritable bowel syndrome 
(1, 3, 7, 10, e9, e12).

The diagnosis of fructose intolerance is confirmed 
by a positive H2 breath test (>20 ppm) and abdominal 
discomfort following oral administration of 25 g fruc-
tose (sensitivity and specificity both 80% to 90%) 
(19–23, e4). If a positive H2 breath test is not accompa-
nied by subjective symptoms, the patient has an asymp-
tomatic fructose resorption disorder; symptoms may 
occur at higher test doses or with simultaneous admin-
istration of sorbitol (6, 19, 21). In H2 nonproducers 
(negative lactulose test), the diagnosis must be made on 
the basis of the clinical findings alone (6, 8, 9).

The treatment of fructose intolerance comprises 
 reduction of fructose intake to <10 g/day together with 
complete abstinence from sugar alcohols and alcoholic 
beverages; any accompanying disease should be treated 
appropriately (9–12, 20, e4). It is crucial to draw the 
 patient’s attention to the importance of balanced 
 consumption of glucose and fructose, because glucose 
can stimulate the GLUT-5 and GLUT-2 transporters 
(19–24) and thus increase fructose uptake (Figure 3). 
This explains why patients with fructose malabsorption 

active resorption of glucose from the small intestine, 
while the glucose transport systems GLUT-5 (apical 
brush border membrane) and GLUT-2 (basolateral 
transporter) provide for the passive uptake of fructose 
(9–12, e16). GLUT-5 has a low, saturable uptake capac-
ity. If fructose consumption exceeds around 30 to 50 
g/h, osmotically active fructose remains in the intestine. 
The uptake capacity can be raised by glucose or amino 
acids (Figure 3) (10, 19–22). If symptoms of fructose 
malabsorption occur after consumption of less than 25 
to 30 g fructose, the patient has symptomatic primary 
fructose malabsorption. This functional disorder 
usually results from dose-dependent overloading of the 
principal transport system GLUT-5. The time of occur-
rence of individual symptoms depends on the composi-
tion of the diet, fructose diffusion kinetics, dose (fruit 
juices, syrup), intestinal permeability, intestinal flora, 
and the underlying disease (6, 7, 20–23). Acquired 
transport disorders have been described following 
 intensive physical training (22), with a low-glucose 
diet, and with interaction of the fructose transporter 
with other osmotically active substances (mannitol, 
xylitol) (6, 21–23). Moreover, sorbitol can be trans-
formed into fructose within the intestine, blocking 
GLUT-5 (6, 19–21, e4, e5). This leads to aggravation of 
the fructose uptake disorder.

In secondary fructose malabsorption the functional 
transport disorder of fructose uptake is accompanied by 
morphological injury of the intestinal epithelium or 
 reduction of the area available for resorption (celiac 
disease, short bowel syndrome).

Systemic 
CI

Nonimmunological carbohydrate intolerance (CI)

Gastrointestinal
CI

Systemic 
metabolic defect, 

enzyme deficiency/defect

Malabsorption

Maldigestion Malresorption

Disorder of 
intestinal breakdown 

(brush border enzymes)

Saccharase–
isomaltase 
deficiency

Lactase 
deficiency

Disorder of 
intestinal resorption 
(transport proteins)

Fructose–
sorbitol 

malresorption
Glucose–
galactose 

malresorption

Fructokinase 
deficiency

Galactokinase 
deficiency

. . . . . . . . .

Fructose-1-phospate-
aldolase deficiency

FIGURE 2 Mechanisms of the 
nonimmunologically 
mediated forms 
of carbohydrate 
 intolerance (CI)
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– Alcohol consumption
– Low-fat diet
– Medication (acarbose, other 
   osmotically active substances)
– Sorbitol
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– Rapid gastric emptying (after surgery)
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– Balanced macronutrients
– Slow uptake of fructose
– Modulation of gut flora?

FIGURE 3Dependence of fructose resorption 
on the amount of fructose consumed, 
expressed as proportion of pathologi-
cal H2 breath test results (>20 ppm 
 increase)
This fructose resorption curve, calculated 
from the results of several studies, shows 
that doses of fructose from around 40 g 
 upwards result in pathological H2 breath test 
results in more than 60% of persons, 
 although not all of them develop symptoms 
(10, 19–23). The resorption capacity for 
fructose is limited in humans (9–11, 26, 
e16). Various factors can act to modulate 
fructose resorption (Figure 3): displacement 
of the fructose resorption curve to the left 
leads to manifestations of malabsorption on 
intake of lower amounts of fructose (de-
crease in tolerance), while displacement to 
the right results in tolerance of higher 
 quantities of fructose. The extent to which 
congenital or acquired mechanisms in-
fluence the affinity and function of the 
transporter has not yet been conclusively 
established (9, 10, 19, 33)

TABLE 2

Important differential diagnoses to carbohydrate malabsorption and tests to narrow down the diagnosis in persons with 
irritable bowel symptoms in whom adverse food reactions have been described

ASA, acetylsalicylic acid; DGP-IgA, deamidated gliadine peptide; H2-BT, H2 breath test;  
NSAID, nonsteroidal anti-inflammatory drugs

Disease / pathophysiology

Carbohydrate intolerance (malabsorption)
− Lactose maldigestion 
− Fructose malabsorption 
− Sorbitol malabsorption 

Bacterial overgrowth

Chronic inflammatory bowel diseases 
Chronic pancreatitis 

Infections

Adverse food reactions (intolerance)
− Fat intolerance 
− Histamine intolerance 
− Caffeine intolerance 
− Intolerance to salicylate and NSAIDs 
− . . . 

Food allergies
− Pollen-associated allergies
− Cross-reactive foods (spices, celery, house dust) 
− Stable food allergens (milk, wheat, egg) 
− Molds, environmental antigens

Polyposis coli and neoplasms

Dyspepsia and irritable bowel syndrome

Celiac disease

Test

H2-BT 50 g Lactose 
H2-BT 25 g Fructose 
H2-BT 10 g Sorbitol 

H2-BT 50 g Glucose (e17)

Inflammatory activity, endoscopy and histology 
Elastase in stool, lipase, abdominal sonography

Stool tests

Test meal, abdominal sonography 
Provocation 75 mg histamine 
Provocation 
Provocation 10–100–250 mg ASA 
Functional blood test (39) 

Prick test 
Specific IgE serum or bowel (1, 4, 40, e9, e12) 
Urinary methylhistamine, provocation 

Abdominal sonography and other imaging procedures;  
Endoscopy and histology

For differential diagnosis see above; if indicated, interdisciplinary 
diagnosis involving allergology/dermatology, gynecology,  
if necessary endocrinology, psychosomatics

Serum IgA antibodies to transglutaminase, endomysium,  
or to DGP-lgA (e9)
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often tolerate cane or beet sugar (saccharose: glu-
cose–fructose ratio 1 : 1) or bananas (glucose–fructose 
ratio 1.5 : 1) better than foods with a higher proportion 
of fructose (e.g., apples: glucose–fructose ratio 1 : 3) 
(12, 19, 20, 23–25).

The conversion of fructose to glucose in the gut can 
be supported by the use of xylose isomerase as a dietary 
supplement; a recent study showed that intake of this 
enzyme ameliorated the symptoms of fructose intoler-
ance (19). Increased efficiency of fructose absorption 
has also been described with amino acids and heavy 
meals, so patients with carbohydrate malabsorption 
should be informed of the importance of eating normal 
amounts of macronutrients (see section “Lactose intol-
erance” above) (9, 12, 20). These dietetic measures lead 
to remission in 60% to 90% of cases (6, 9, 19, 22–26). 
Following initial symptom reduction by abstinence, the 
individual fructose tolerance threshold should be 
 established. The patient can then consume safe 
amounts of fructose in the long term (22–25).

Sorbitol malabsorption
Sorbitol, a hexavalent sugar alcohol, undergoes only 
slight intestinal resorption by passive diffusion. Sorbi-
tol (E420) is used as a sugar substitute, as a vehicle for 
other substances, and as a humectant (hygroscopic 
properties) and is present in many different kinds of 
fruit (Box) (9, 10, 24–27). It directly inhibits the 
GLUT-5 transporter, is osmotically active, and dis-
places the saturable fructose resorption curve to the left 
(Figure 3), so the symptoms are the same as those of 
fructose malabsorption. This is why some studies have 
shown associated sorbitol intolerance in persons with 
fructose malabsorption (10–24, 27–29, e4, e14, e16). In 
a few cases sorbitol has also been identified as the 
cause of “chewing gum diarrhea,” with flatulence, 
weight loss, meteorism, and abdominal pain (30, e15).

Sorbitol showed a higher malabsorption rate than 
fructose and xylitol on the H2 breath test. After intake 
of 25 g of each substance, a pathological increase in H2 
exhalation was found in 84% of the sorbitol group, 
compared with 36% for fructose and 12% for xylitol 
(29). It can be concluded that sorbitol possesses a very 
high potential for induction or amplification of carbo-
hydrate malabsorption (27, 29, 30, e4, e15).

The diagnosis of sorbitol malabsorption is estab-
lished either clinically or by means of the H2 breath test 
after administration of 5 to 10 g sorbitol (8–10, 25). 
 Patients are treated by reduction of sorbitol intake as 
advised by a dietician, and if applicable glucose can be 
given to activate the GLUT-5 transporter and thus im-
prove resorption of the fructose formed from sorbitol. 
For this reason attention should always also be paid to 
the fructose content of foodstuffs (27–30).

Principal differential diagnoses
The main differential diagnoses and diagnostic 
 strategies are listed in Table 2. The above-mentioned 
clinical symptoms of carbohydrate malabsorption are 
also found in patients with functional dyspepsia, 

 irritable bowel, AFR, and bacterial overgrowth in the 
small intestine. Carbohydrate malabsorption may be 
 associated with increased histological inflammatory ac-
tivity. The patients often complain of AFR or have had 
sensitization to allergens identified (9, 30–37, e9, e12). 
Interestingly, lactose, fructose, or sorbitol provocation 
induces typical symptoms in some irritable bowel 
 patients; however, the incidence of carbohydrate mal-
absorption is no higher in this group than in the general 
population (10–13, 28, 30–37). Nevertheless, in 
 patients with irritable bowel the symptoms of coexist-
ing carbohydrate intolerance are more severe. Removal 
of the corresponding foods from the diet is less effec-
tive (40% to 50% remission) than in persons without 
 irritable bowel syndrome (70% to 90% remission); 
 apparently other pathophysiological mechanisms (his-
tamine intolerance, salicylate intolerance, low-grade 
inflammation) play a role (5, 8, 28–38, e12, e18–20). 
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