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Abstract: 
Food intolerances are increasingly common in populations of developed countries. One of the important factors in the etiopathogenesis of this 

phenomenon is disorders of the bacterial composition of the human gastrointestinal tract. The development of civilization as well as the increasing 

production of processed food contribute to the increased incidence of diseases of the digestive system, such as small intestinal bacterial overgrowth 

and food intolerances. These conditions may occur separately or coexist in one patient. The incidence of food intolerances and also allergies, 

continues to increase. It is estimated that factors such as stress, inadequate lifestyle, excessive consumption of processed, modified foods may 

contribute to this phenomenon. 

The article presents the relationship between bacterial overgrowth in the small intestine and the effect on various aspects of food intolerances, both 

in the context of diagnosis and the course of these diseases on the basis of recent research. The nature of low FODMAP diet was presented, as well 

as its effect on the clinical course of small intestinal bacterial overgrowth and food intolerances. 
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Introduction
Food intolerances are increasingly common in 

the populations of developed countries. Disturbances 
in composition of bacterial flora of the human gastro-
intestinal tract is one of the important factors in the eti-
opathogenesis of this phenomenon. Microbiota under-
goes modification under the influence of many factors, 
both external and internal.

A growing industry and an increasingly stress-
ful lifestyle contribute to an increased incidence of gas-
trointestinal diseases as well as autoimmune diseases 
such as small intestinal bacterial overgrowth (SIBO) 
and food intolerances. These diseases may appear sep-
arately or coexist in an individual patient [1,  2]. In-
cidence of food intolerances as well as allergies con-
tinues to increase. It is estimated that factors such as 

stress, inappropriate lifestyle or excessive consumption 
of processed, modified food may contribute to this [3]. 
It is assumed that food intolerances occur in about 20% 
of the world’s population. There is a link between gas-
trointestinal or parenteral symptoms and food intoler-
ances. Disturbance of microbiota composition in the 
intestines in course of SIBO may contribute to food 
intolerances [4].

The aim of the study is to present the current 
state of knowledge on the role of intestinal bacterial 
overgrowth in food intolerances.

Small intestinal bacterial overgrowth
Small intestinal bacterial overgrowth is char-

acterized by increased fermentation of carbohydrates 
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caused by an excessive amount of bacteria in the small 
intestine [5].

The typical clinical presentation of SIBO in-
volves: abdominal pain, gases, flatulence, diarrhea or 
constipation [6]. Over 70% of the bacteria that live in 
the human body are found in the digestive tract. Micro-
biota plays an important role in modulating the body’s 
homeostasis, influences the concentration of lipids, 
glucose, energy and vitamin production, and indirect-
ly regulates the feeling of satiety. Normal microbiota 
has anti-inflammatory and anti-cancer properties, while 
abnormal microbiota has an influence on obesity and 
diabetes development, which has been proven in scien-
tific research. Changes in composition of intestinal mi-
croflora may contribute to insulin resistance, functional 
disorders of the gastrointestinal tract, and also affect 
the development of intestinal inflammation [7].

The proximal jejunum and duodenum usually 
contain a small number of bacteria, mainly enterococci 
and lactobacilli, Gram-positive bacteria and faculta-
tive anaerobes. In healthy people, anaerobic bacteria 
are absent there, and are usually found in the large 
intestine. The distal part of the ileum is a transition 
zone between aerobic and anaerobic bacterial popula-
tions [8].

Bacteria in the large intestine can find their way 
into the distal ileum in excessive amounts, e.g., due 
to a  malfunctioning ileocecal valve, after surgical in-
terventions, or due to functional disorders. As a result, 
overgrowth of bacteria typical of the large intestine 
occurs in the small intestine [9, 10]. 

The presence of bacteria that feed on the host’s 
macronutrients and micronutrients will result in less 
availability of nutrients absorbed from the digestive 
system. Moreover, SIBO may contribute to the damage 
of the intestinal villi, which in turn will result in carbo-
hydrate malabsorption [11]. 

A correct diagnosis of SIBO is quite challeng-
ing. Moreover, the condition is sometimes resistant to 
treatment, even in patients who follow a specialized 
diet [12, 13]. Hydrogen breathing tests remain the basic 
diagnostic method, a very minimally invasive method, 
but with limited sensitivity [9, 14]. 

 

Food intolerances
Food hypersensitivity can be categorized de-

pending on the type of pathomechanism involved in 
its development. There is allergic hypersensitivity 
(confirmed or probable immune mechanism) and non- 
-allergic hypersensitivity (immune mechanism exclud-
ed or not confirmed) [15].

The most common form of allergy is IgE- 
-mediated allergic hypersensitivity. Among non-im-
munological hypersensitivity, a wide group of disor-
ders of various etiology can be distinguished. 

The first group of non-immune hypersensitivity 
involves enzyme-based intolerances. Enzymatic intol-
erances are reactions caused by absence of enzymes, 
which in turn result in malabsorption of e.g. carbohy-
drates. The lack of enzymes may be genetically deter-
mined or it may result from a gastrointestinal disease, 
that may lead to damage to the intestinal epithelium. 
Pharmacological intolerances are caused by chemicals 
in food, e.g., histamine, serotonin, caffeine. Severity of 
a patient’s reaction depends on how the substance is 
metabolized in the body. Idiopathic intolerances belong 
to a wide group of adverse reactions, including toxic 
ones, caused e.g., by dyes, food preservatives or anti-
oxidants. Some of these reactions may be based on im-
munological pathogenesis. Symptoms of food hyper-
sensitivity due to psychogenic reactions are also pos-
sible. Sometimes the reaction that occurs in a patient 
is so unusual that it is necessary to make provocation 
tests to differentiate the etiology of symptoms [16, 17].

Intolerance of sugars, especially of lactose and 
fructose, is particularly worth paying attention, as they 
play a huge role in the pathogenesis of bacterial over-
growth in the small intestine.

Lactose intolerance is one of the most common 
problems in the general population. It is estimated that 
about 70% of adults suffer from lactose intolerance, 
which leads to reduced consumption of milk and dairy 
products in the daily diet. Intolerance (primary and sec-
ondary) can manifest itself at any age. Primary lactase 
deficiency is a lactose malabsorption syndrome asso-
ciated with the physiological process of silencing the 
activity of the gene responsible for the production of 
lactase. Secondary lactase deficiency may occur in the 
course of various diseases of the intestinal mucosa, 
causing temporary impairment of lactase digestion. 
Lactose intolerance may appear as a result of diseases 
such as celiac disease, SIBO, viral or parasitic infec-
tions.

The human digestive tract is perfectly adapted 
to absorption of glucose, while fructose is absorbed 
less efficiently even in physiological conditions. In 
case of fructose intolerance, gastrointestinal symptoms 
such as abdominal pain, flatulence, nausea, diarrhea, 
and disturbed bowel movements are typical. Fructose 
intolerance occurs in two forms: as incomplete fructose 
absorption (otherwise known as fructose malabsorp-
tion syndrome) and as hereditary fructose intolerance 
(HFI). Fructose malabsorption is very often associated 
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with irritable bowel syndrome. In both diseases, distur-
bances in the microbiota of the gastrointestinal tract are 
observed [18–20].

Small intestinal bacterial overgrowth and food 
intolerances

Bacterial overgrowth in the small intestine 
affects various aspects of food intolerance, both in 
terms of diagnosis and the course of these diseases.

Food intolerances may coexist with SIBO. 
In 2011, Yakoob et al. published an interesting study 
report involving retrospective analysis of 119 cases of 
patients with irritable bowel syndrome. It turned out 
that 19% of patients had SIBO, and 21% had lactose 
intolerance [21]. Zhao et al. used hydrogen breath tests 
with lactose and lactulose with simultaneous scinti-
scanning assessment of intestinal transit in patients 
with chronic functional diarrhea. The researchers 
found that bacterial overgrowth of the small intestine 
increased the risk of lactose intolerance in this group 
of patients, possibly as a result of lactose fermentation 
in the small intestine. This effect did not depend on the 
time of orocecal passage and visceral sensitivity of pa-
tients [22].

In 2015, Houben et al. published results of 
their retrospective study involving 1,051 people. The 
results of hydrogen breath tests with lactose were as-
sessed. The diagnostic usefulness of the test and coex-
istence of other diseases with lactose intolerance were 
analyzed. Among the analyzed people, in 57% lactose 
was properly digested, and 29.9% had lactose intoler-
ance. Results obtained for 13.1% of patients suggest-
ed lactose malabsorption or SIBO. A high incidence of 
disturbances in the microbiota of the small intestine is 
noteworthy. It should be stressed that 41% of all sub-
jects did not experience any side effects after taking 
lactose necessary for the breath test. Among people 
who complained about adverse effects associated with 
consumed lactose, 93% reported gastrointestinal ail-
ments. Symptoms were most often signaled by patients 
with impaired lactose tolerance associated with SIBO 
or lactose malabsorption syndrome. However, nearly 
half of the patients who tolerated lactose correctly also 
reported discomfort after consuming this sugar [23].

Varjú et al. carried out a retrospective analysis 
of 264 adult patients who underwent a hydrogen breath 
test using 50 g of lactose. Lactose digestion was diag-
nosed when the increase in H2 was ≥ 20 ppm or the 
increase in blood glucose was less than 1.1 mmol/l. 
Symptomatic patients meeting the above criteria were 
diagnosed with lactose intolerance. In case of patients 

with an early (≤ 90 min) and significant (≥ 20 ppm) 
increase in the concentration of H2 in the exhaled air, 
SIBO was suspected. In the analyzed group, 49.6% of 
patients had lactose digestion disorders, and 29.5% had 
lactose intolerance. Interestingly, 34.8% of all patients 
and 60% of symptomatic patients were diagnosed with 
SIBO. The authors emphasize that SIBO often makes 
the diagnosis of lactose intolerance difficult due to 
false positive results of hydrogen breath tests. Detailed 
monitoring of the patient during the respiratory test, 
combined with the assessment of symptoms, may in-
crease the sensitivity and specificity of the diagnosis of 
these diseases [24]. 

Silva et al. analyzed 117 medical students who 
responded to the invitation to participate in the study. 
Students were diagnosed using hydrogen breathing 
tests. Lactose intolerance was confirmed in eight pa-
tients (6.8%) and SIBO in two (1.7%). Lactose in-
tolerance was more common in women than in men. 
Moreover, attention was drawn to the higher frequency 
of gastrointestinal symptoms in women than in men, 
which may be influenced by the menstrual cycle, and 
more frequent occurrence of gastrointestinal diseases 
in women [25].

350 subjects, including 175 healthy people and 
175 patients with type 2 diabetes, participated in the 
study by Rana et al. All volunteers underwent fasting 
examination of bacterial overgrowth in the small in-
testine, after consuming 70 g of glucose dissolved 
in 250  ml of water. Lactose intolerance was tested 
by a  non-invasive hydrogen breath test with 25 g of 
lactose dissolved in 250 ml of water. A significant in-
cidence of lactose intolerance was observed in people 
with type 2 diabetes – in as much as 60% of subjects. 
In healthy subjects, the incidence of lactose intolerance 
was 39.4%. It was noticed that in the study group, the 
bacterial overgrowth in the small intestine was more 
frequent than in the control group (14.8% vs. 2.8%). On 
this basis, it was hypothesized that diabetes could con-
tribute to the occurrence of food intolerances. Further 
research is required to verify this hypothesis [26]. 

Perets et al. performed a statistical analysis 
of the correlation between positive results for carbo-
hydrate intolerance and bacterial overgrowth in the 
small intestine. 349 subjects were examined, including 
231 women and 118 men, aged 53 ± 19 years. All pa-
tients underwent breathing tests as part of the diagno-
sis of gastrointestinal symptoms: abdominal distension 
and intestinal gas. It was found that in 81% of cases, 
people who tested positive for SIBO also were lactose 
intolerant. The same was true for sorbitol intolerance 
test. At the same time, when the test result for bacterial 
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overgrowth was negative, a lower incidence of lactose 
and sorbitol intolerance was observed [27]. 

Low FODMAP diet and elimination diet 
The FODMAP diet is based on exclusion of di-

gestible, easily fermentable, short-chain carbohydrates 
from the diet. It is used in diseases such as SIBO and 
irritable bowel syndrome. With application of a proper 
diet under the supervision of a dietitian, digestive 
symptoms can often disappear completely. People with 
food intolerances also commonly suffer from SIBO. 
An appropriate diet is aimed at improving the quality 
of life of patients by reducing the severity of gastroin-
testinal symptoms. 

In the case of lactose intolerance, excluding the 
sugar from the diet reduces occurrence of side effects. 
The FODMAP diet is based on the exclusion of prod-
ucts with a content of easily fermentable oligosaccha-
rides, disaccharides, monosaccharides and polyols 
from the diet, thus supporting the treatment of food in-
tolerance. Table 1 shows products containing high and 
low amounts of FODMAP, respectively.

Wilder-Smith et al. studied the effectiveness of 
the low FODMAP diet in patients with fructose and 
lactose intolerance. After applying the 6–8-week diet 
plan, 81% of patients experienced improved well-being 
and a reduced severity of symptoms. The type of intol-

erance did not matter in this group. This study shows 
how an appropriate, special diet, tailored to a specific 
disease has a positive effect on minimizing symptoms 
in people struggling with various types of gastrointesti-
nal disorders [28].

A total of 306 subjects participated in the study 
by Enko et al. 25.49% of them had primary lactose ma-
labsorption syndrome. Fructose intolerance was diag-
nosed in 11.11% of examined patients, and in 18.63% 
sorbitol intolerance was found. It was found that bac-
terial overgrowth in the small intestine was associat-
ed with carbohydrate malabsorption. The diagnosis of 
small intestinal bacterial overgrowth was confirmed in 
6.53% of people tested for carbohydrate intolerance. 
The patients were recommended a low FODMAP diet 
under the supervision of a dietician [29]. 

Hill et al. analyzed advantages, disadvantages 
and clinical aspects of the use of low FODMAP diets. 
They found that any elimination diet can lead to nu-
trient deficiencies, which in turn can have serious 
health consequences. The diet should be used under 
the supervision of a dietitian who pays attention to 
a balanced and healthy approach to a given diet, and 
who adapts the diet to individual needs of the patient. 
Low FODMAP or FODMAP diets should be used with 
caution. It is imperative to remember both the correct 
use of the phases of this diet and the reintroduction of 
restricted products at the right time [30]. 

Table 1. FODMAP content in selected products (based on [31]).
FODMAP High FODMAP products Low FODMAP products

Oligosaccharides: fructans 
and/or galactooligosaccharides

Vegetables: artichokes, asparagus, beetroot, brussels 
sprouts, broccoli, cabbage, garlic, leek, shallots, okra, 
onion, peas

Vegetables: carrots, cucumbers, potatoes, peppers, 
eggplant, green beans, lettuce, spinach, chives, parsnips, 
pumpkin, beetroot, chives (only green), tomato, zucchini, 
bamboo shoots

Oligosaccharides: fructans 
and/or galactooligosaccharides

Cereals: wheat and rye eaten in large amounts (e.g., 
bread, pasta, crackers) 

Cereals: grains without wheat or flour without wheat and 
products made from them (e.g., bread, pasta, crackers), 
spelled products, oats, corn, rice, quinoa 

Oligosaccharides: fructans 
and/or galactooligosaccharides

Legumes: chickpeas, lentils, red beans, baked beans
Fruit: watermelon, cream apple, white peaches, 
rambutan, kaki  

Legumes: canned chickpeas

Disaccharises: lactose Milk (cow, goat, sheep), yoghurt, soft and fresh chees-
es (e.g., ricotta), ice cream 

Lactose-free milk, rice milk, almond milk, lactose-free yo-
gurt, hard cheeses (e.g., cheddar, parmesan, Swiss cheese, 
brie, camembert), butter, ice cream substitutes (e.g., non- 
-dairy ice cream, sorbet)  

Monosaccharides: fructose  Fruits: apples, pears, nashi pears, peaches, mangoes, 
sugar snap peas, watermelon, canned fruit in natural 
juice, dried fruit
Honey substitutes: maple syrup
Sweeteners: fructose, high fructose corn syrup  

Fruits: banana, blueberry, grapefruit, grape, honeydew mel-
on, kiwi, lemon, lime, mandarin, orange, tangelo, raspberry, 
strawberry, passion fruit, watermelon, carambola, durian
Sweeteners: sugar, glucose, artificial sweeteners names of 
which do not end in -ol 

Polyols  Fruits: apples, apricots, cherries, lychees, nashi pears, 
nectarines, pears, peaches, plums, watermelon
Vegetables: avocado, cauliflower, mushrooms
Sweeteners: sorbitol, mannitol, xylitol and others with 
names ending in -ol, isomalt

Fruits: banana, blueberry, grapefruit, grape, kiwi, lemon, 
lime, mandarin, orange, raspberry, passion fruit, water-
melon 
Sweeteners: sugar, glucose, artificial sweeteners names of 
which do not end with -ol (e.g., aspartame)
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Conclusions
Small intestinal bacterial overgrowth often 

occurs simultaneously with food intolerances. Coex-
istence of these conditions may exacerbate their symp-
toms. At the same time, it is worth paying attention to 
the fact that the diagnosis of SIBO is not always easy, 
and incorrect interpretation of the breath test result may 
prevent a correct diagnosis. Choosing the right diet for 
the patient, taking into account their ailments, food in-
tolerances and tolerances as well as taste preferences, 
allows for a significant reduction in severity of symp-
toms and improvement in the quality of life.
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