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Equivocal abdominal complaines are
diagnosed more than 3 million dmes ayear
in Germany alone. It is seldom possible o
definitively determine the wiggering fac-
tors. Digestive disturbances may be due to
liver, gallbladdes, or pancreas disorders that
lead to a deficit of digestive enzymes or
bile acids. Mutrients of high molecular
weight are no longer broken down inro
their basic components (maldigestion) bue
remain in the intestinal lumen, where they
are broken down by bacteria or fungi.

However, digestive disturbances can also
be due o impairment of the movement of
nurmenrs from the intestinal lumen into
the bloodstream and Iymph system {mal-
absorption). In addition to inflammacory
or diffuse chronic diseases of the small in-
testine (e.g., celine disease, Crohu’s disease,
diverticulosis or diverriculits, Whipple's
disease, etc.) ather factors such as diabetes
mellitus, hyperthyroidism, or right ven-
tricular hearr failure can also be respon-

sible.

Thisarticle introduces a new diagnostic
system (KyberPlus) thar makes it possible
to ascertain the condition of the patients
digestion, mucosal immune system, and
intestinal mucosa. In addition, this system
provides a sure understanding of the most
common diseases causing maldigestion or
malabsorpdon, The sequence and param-
eters of the KyberPlus system are presented
in Figure 1. The goal of the system is to
create optimal prerequisites for under-
standing causarive factors to be able to suc-
cesstully rear the causes of illnesses that
have often persisted: for years or even de-
cades. In the sections that follow, the di-
agnostic stages, the most imporanc dis-
eases, and the testing procedures involved

in the KyberPlus system are described
briefly.

Evidence of Digestive Disorders

A quanticative biochemical analysis of
undigested food remnants in the feces is
used as a screening procedure o indicate
the presence of digestive disorders (Figure
2). Ir yields values for fars (neutral far,
long-chain fatey acids), nicogen, carbohy-
drates, and water. Normally only small
amounts of undigested food remnants are
found in the feces. Daily eliminaton of
Fat and nitrogen is relatively constant. A
healthy body eliminates 2 maximum of
7 g far in 24 hours (3.5 /100 g feces).
Daily nicrogen elimination should not ex-
ceed 2 g (1 g/100 g feces) (Table 1). Patho-
logically high concentrations of fac and ni-
trogen in the feces point o digestive dis-
turbances.'” 2+ It is not possible to dis-
tinguish berwesn maldigestion and mal-
absorprion by means of this procedure

(Figure 3).

Evidence and Consequences of
Maldigestion

Exocrine pancreadc insufficiency and

bile acid deficiency are the most frequent |

causes of maldigestion. When lipase acriv-

ity is deficient in temporary or chronic

pancreatic insufficiency, the signs of
maldigesdion are fatty stools and second-
ary malabsorprion of fat-soluble vitamins,
calcium, and vitamin By, Protein diges-
tion is also often disturbed as a resule of
reduced trypsin and chymotrypsin acriv-
iny.

Liver diseases can lead to disturbances
in the synrhesis, conjugation, or secretion
of bile acids. Overgrowth syndrome, in
which the small intestine Is overgrown with
microorganisms indigenous to the large

intestine, also results in bileacid deficiency

because conjugated bile acids are broken -

down by bacteria belonging to the faulty

intestinal flora. As a result, far ahsorprion
is disturbed and secondary malabsorption
of fat-soluble vitamins ocours,

The presence of pancreas elastase 1 in
the feces has proven to be a reliable labo-
ratory indicator of exocrine pancreas in-
sufficiency."™ ¥ Diseases thar lead 1o 2
deficiency of bile acids are diagnosed by
determining the primary and secondary
bile acids in che feces.

Evidence and Consequences of
Malabsorption

Malabsorption can be confirmed by the
presence of specific marker proteins in the
feces, most importandy inflammation
marlkers such as alpha -antitrypsin and
lysozyme.

Many different diseases can cause mal-
absorption. The KyberPlus system aids in
the diagnosis of the most frequent causes
{Table 2}, Disturbed nurrient absorprion
is often due to carbohydrate intolerances
{e.g., lactose intolerance) * ¥ or food aller-
gies. Diffuse chronic diseases of the small
intestine, such as Crohn’s disease or celiac
disease, play a significant parr. 7 Over-
growth syndrome is also included in the
Table because in addition to causing bile
acid deficiency (maldigestion), it also
causes damage to the intesdnal mucosa
(especially to the enterocytes), eventually
leading to malabsorption of the products

of food breakdown.

Clarifying the Causes of Malabsorption

IFmalabsorption is present, further clari-
fication of the, causative factors is only
possible by taking into account informa-
rion supplied by the patent during case-
taking. Demiled questianing of the parient
must clarify whether the symproms are
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equivocal abdominai |-
symptoms

quantirative evidence of |
undigesteal food
remnants in the feces

presence of sigA, in the feces—
reduced MIS activigy

Diiferencial diagnosis o
Maldigestian Malabsarpsion

L L

Pancreas-specific.
Elnstase 1 .

alpha; -Antiecypsin |-

3 alphas, 7 alpha- -

bile aci

Figure 1: Diagram of the system of KyberPlus diagnosis. Par/mlbg_iml amounis of undigested :

Jood remnants in the feces point ta digestive disturbances that can result from many different
disarders or underlying illnesses, MIS = mucasal immume system. : b

food-dependent (carbohydraee intolerance, |
food allergies, celiac disease) or food-in.
dependent (avergrowth syndrome, inflam-
matory intestinal diseases), i

Food—quendent Diseases |

Carbohydrate Intolerances |

Many people develop gastroincestinal
symproms after ingesting cermin mono- :
or disaccharides, OFf all the carbohydrace
intolerances, lactose intolerance (inability
to digest milk sugzr) is probably the most
Familiar (Figure 4). Tt is due to an enzyme ,
defect (lacrase deficiency). Approximately !
15-20% of all Ceneral Europeans are af-
feceed by it," although the degree of in-
tolerance varies greatly among individu- i
als. Whereas normally20-30 g lactose per
day ase tolerated, the tolerance threshold
for patients with lactose intolerance is
around 5-10 g This corresponds to' the
lactose content of halfa glass of cow’s milk.
In infrequent cases, no lactose ac all is rol-
erated. |

et ety

Lacrose intalerance is seldom reporred
as such by parients, who often fail to make |
the connection berween their intake oflac-
tose-containing foods and symproms such
as sensation of fullness, nausea, cram prlike
abdominal pains, bloating, and diarrhea.8?
A carbohydrate intolerance that has gone
unrecognized fora lorig time, however, can !
place serious burdens on the large intes-
tine and its flora (Table 3). Microbial fer-
mentation of undigested carbohydrares i
undermine the integrity of the. mucosa, %
with a resulting increase in susceptibility )
to food allergies, ' :

o

Less well-knowh but much more com-
mon than lactose intolerance ate intoler-
ances to frucrose, sorbitol, and xylitol,
wheh are apparendly based on reduced in-
dividual absorpcion capacity. Approxi-
mately one half to two thirds of the pa-
tients in question develop abdominal
symptoms. The fructose intolerance dis-
cussed in this context is not to be confused
with heredirary fructase intolerance.

In the KyberPlus system, carbohydrate
intolerances are confirmed by means ofa
hydrogen breath analysis. By _chons_x‘ng the o
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appropriate sugar for testing, it is possible
notonly to confirm intolerance to Jactose,
but also to diagnose intolerances to fruc-
tose, sorbitol, or xylitol with certainty.

Food Allergies

The intolerances described above, which
are based on enzyme defects or absorprion
disorders, must be distinguished from IgE-
mediated food allergies, 22 30.3!

To confirmn the presence of food aller-
giesand to distinguish them from pseudo-
allergic reactions, a diagnostic system was
developed thar detects aver 90% of al!
clinically relevanr food allergies. This was
accomplished by choosing frequently ap-
pearing food allergens on the basis of a
comprehensive search of the literature and
consultations with experts in the field, The
possibility of a food allergy is confirmed

by a posirive test resulc in the KyberPlus .

diagnostic system and largely eliminated
by a negarive result. A serum enzyme im-
mune test (ELISA) is used to perform the
analyses.

Gluten-induced Enteropathy
(Celiac Disease)

Celiac disease is a disorder of the small
intestine that is induced by specific grain
proteins (gliadin) found in whear, rye, bar-
ley, and oats. Generic factors foster the
development of the disease. Caucasians are
especially susceptible (1:300 wo 1:1000).
Celiac disease is accompanied by charac-
teristic atrophying of the villi of the small
intestine, which ultimately leads to an ab-
sorption disorder throughout the small
intestine, 7 '¢% In the long run, therefore,
untreated celiac disease leads ro malnurri-
tion.

In addirion to the form with fully de-
veloped clinical symptoms, recent studies
have discovered much more commeon la-
tent forms of the disease with less overt
clinical symptoms. Symptomatology is
arypical when morphological changes in
the mucosa are less pronounced.% * Fre-
quent loose bowel movements and equivo-
cal abdominal complaints are reminiscent
of irritable bowel syndrome. Iron-defi-
ciency anemia and defects in tooth enamel
can accompany latent celiac disease.

Maldigestion
positive

Figure 2: The suitability of quantitative analysis of digestive remnants in the feces a5 an
indicator of digestive disorders was investigated an the basis of 200 patients with known
maldigestion or malabsorption and 80 healthy subjects. Pathologival presence of digestive

. reninants in 919 of patients with known maldigestion and 85% of patients with known

malabsorption indicates a high level of reliability for the procedure.

80% —
60% ..
40% |

20% —| i

0%

Malabsorprion Maldigestion

Ty 4y 1a d d ja d
F_E:,}EEI yipepsts due o Fipl:plﬂ uz to

g purrliicy ermenatarion normal fecaf flora

Figure 3: Frequency of maldigestion and malabsorption in 300 patients with equivocal
abdominal smptonss.

Fat elimination <3.5 g/100 g feces

Nitrogen elimination <1.0 g/100 g feces
<1.0 g/100 g feces

75-85 g/100 g feces

Carbohydrate elimination

Water elimination

Table 1: Noymal values for water and digestive rentnants in feces.
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Figure 4: Results of hyydrogen breath analyses confirming lactose intolerance. Normally, lactose
is broken down in the small intestine into the easily absorbed monosacchrrides galactose and
glucose. In lactose intolerance, lactase that has not been broken down enters the large intestine,
where fermentation by the indigenons miicraflora results in hydrogen formation,

———— Healthy subject

Patient with lactose intolerance

Disease Incidence Age of Highest
% of rotal Incidence
pepulation
Acute Enteritis  most frequent cause none
Carbohydrate 15-20% of adults ages 2-15
Intolerences
Food 5-10% . children
Allergies up to 27% of asthma patients .« adolescents
up to 30% of patients with atopic dermatitis  young adults
40-60% patients whose parents have . .. i
food allergies TR
Overgrowth 5% adults
Syndrome
Celinc Disease  0.03-0.3% of aduls infants
Crohn's Disease  0.02-0.04% - .ages 15-35

.-
v

Tisble 2: Cases of malabsorption in order of incidence.

+

-
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-. Patients with active celiac disease almost

-always have circulating ant-gliadin anti-

bodies in their blood, with antibody titers
correlating closely with the degree of mu-
cosal damage. An enzyme immune test can
determine the concentration of anti-glia-
din IgA (or anti-gliadin IgG, if TgA is defi-
cient) in the serum. Raised levels of anti-
bodies suggest 2 diagnosis of celiac disease.

Food—lndependent Diseases

Overgrowth of the Small Intestine

In healthy individuals, the upper and
middle sections of the small intestines are
only sparsely populated with bacteria. In
overgrowth syndromes, large sections of
the small intestine (and also the stomach,
to some exient) are overgrown with mi-
croorganisms that suppress the indigc'xi_pylis_ y
intestinal flora of lactobacilli and entero-_ .
cocei. Anaerobic genera of bacteria‘such *
as Bacteroides, Bifidobacteria, or Clostridia
increase tremendously.™4 o

Overgrawth éyndmmcs can be caused
by reduced intestinal motility or passage
disorders. Other relevant factors, however,
include mucosal damage, liver or pancre-
atic disease, and reduced immune defenses.

Dysbiasis of the small intestines leads
to decreased intestinal absorptive ability as
a result of pathological changes in the in-
testinal mucosa. Malabsorption of impor-
tant nutrients, therefore, is also a primary
factor in the clinical symptomatclogy. of
the disease.¥ Undigested food remnants in
the intestinal lumen are broken down by
the bacterial flora, resulting in intralumi-
na! gas formation that can cause bloating,
flatulence, cramp-like abdominal pain, or
bad breath. Microbial metabolites, which
can affect osmosis, 2nd unresorbed free bile
acids can cause diarrhea. If some of these
symptoms occur and the level of fat ex-
creted in the feces is elevated, differential
diagnosis of an overgrowth symptom
should be considered. Through KyberI{Ius
diagnostics, definitive diagnosis is pOSS}!Jlt;
by means of a hydrogen b__rﬁf“'-h _a-‘?'%l)’ﬂsz %
(Figure 5). .. .o s

This test, like the H bréath test'ta con=

Lt st Yesrndr i a i
frm lactose intolerdnte, 15 basédroniays
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provocation experiment. The test sugar is
lacrulose, a disaccharide that can only be
metabolized by the intestinal flora, not by
the human body. It is taken orally and en-
ters the intestines, where ir is normally
broken down by the intestinal flora only
after it enters the colon.” This releases
hydrogen, which reaches the lungs by way
of the blood and is then exhaled. Afrer 60-
90 minutes its presence can be detected in
exhaled air, In the case of overgrowth syn-
drome, lactulose is fermented by the faulcy
intestinal floca already in the small inces-
tine, and the increase in Hj in the exhaled
air ocecurs earlier, often after only 10-20
minures.?

Chronic Inflammatory Intestinal

Diseases

The main chronic inflammazory intes-
tinal diseases are Crohn’s disease and ul-
cerative coligs. In Crohn's disease, the se-
verity of the malabsorption depends on the
location and extenr of the inflammation.
Malabsorption affects primarily vicamin
B2 (which is zhsorbed in the terminal il-
eurn), the fac-solublevieamins A, D, E, and
K, folic acid, zin¢, magnesium, calcium,
and iron. Ulceraeive colitis is frequently
accompanied by iron-deficiency anemia.

A diagnosis of inflammarory intestinal
disease is usually confirmed by means of
endoscopic, hiswlogical, or radiological
procedures whose invasive characeer is
quire burdensome to the padent. Since
inflammatory Intestinal diseases are accom-
panied by characreristic histopachological
changes in the intestines, it is possible to
acquire information about the extent of
these changes by means of a quantitative
analysis of specific marker proteins in the
feces.> 1% #* The parameters investigated
under the KyberPlus diagnastic system—
serum alburnin, alpha -anderypsin, PMN
elastase, and lysozyme—are highly sensi-
tive and specific (Table 4). With cheir help,
it is possible to diagnose an inflammarory
intestinal discase with certainry in its eacly
stages and to assess its course. Invasive ex-
ploratary techniques can often be avoided.

Suga_r c:d;#ce Symptomatic - Pathophysiology
Lactose ) 60-70% Lactase dcﬁciency
N . (congeniral, acquired)
Fructase . 40—80% 50-70% Reduced individual
' o absorption capacity
Sorbose 50-100% 50% Reduced individual
- absorption capacity
Xylose 12% 50% Reduced individual
absorpdon capacity
Glucose very infrequent Glucose earrier disorder
’ (aurosomal-recessive)
Trehalose very infrequent

Trehalose defiency

Table 3: Incidence of carbohydrate intolerance in Germany,
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