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Lactose is the main carbohydrate in infant feeding, but its impact decreases as the child gets older and consumes
less milk and dairy products. Congenital lactose intolerance is a very rare condition. However, lactase activity
may be low and need to mature during the first weeks of life in many infants. However, the evidence that unab-
sorbed lactose is causing infantile crying and colic is contradictory. Unabsorbed lactose has a bifidogenic effect
and improves calcium absorption. Lactose malabsorption may occur secondary and thus temporally to other eti-
ologies such as infectious gastroenteritis, cow’s milk allergy and celiac disease. One the cause is treated, lactase
activity will gradually return to normal. The vast majority of Asian children will develop late onset congenital
lactase deficiency. However, this entity only exceptionally causes symptoms before the age of 4-5 years. Symp-
toms are abdominal cramps, flatulence and watery, acid stools, and decrease the quality of life but lactose intoler-
ance is not associated with “true disease”. The diagnosis is made on clinical grounds and confirmed with a lac-
tose breath test, if needed. These patients need to have a lifetime long reduced lactose intake to improve their

quality of life.
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METABOLISM OF LACTOSE

During infancy, lactose accounts for most of the dietary
carbohydrates. Lactose is a disaccharide present in dairy
products. The concentration of lactose in mother’s milk is
7.2 mg/100 ml whereas in a cow’s milk it reaches only
4.7 mg/100 ml.' In order to be digested and absorbed,
lactose requires the presence of lactase in the small intes-
tinal brush border. Lactose digestion in the premature
neonate may be incomplete in the small intestine but par-
tially salvaged from the colon. Lactase levels decline
from a peak at birth to less than 10% of the pre-weaning
infantile level in childhood. The decline in lactase in oth-
er mammals occurs even if weaning is prolonged. How-
ever, lactase activity may persist in some populations
where dairy products are consumed into adulthood. The
latter occurs in white Caucasians (Northern and Western
Europe, USA).

In older children, starch becomes more important. Di-
gestion of starch starts in the mouth, but not the digestion
of lactose.

Disaccharides are hydrolysed to monosaccharides by
specific enzymes located in the brush border of intestinal
epithelial cells. The disaccharidases are mostly oligosac-
charidases which hydrolyze sugars containing three or
more hexose units. They are present in highest concentra-
tion at the villous tips in the jejunum and persist through-
out most of the ileum but not in the colon. In normal sub-
jects the capacity of the small intestine is such that virtu-
ally all free mono- and disaccharides present in the nor-
mal diet are completely absorbed. Unabsorbed carbohy-
drates may be fermented in the colon by bacteria, which
leads to the production of carbon dioxide, hydrogen and
methane, proprionic and butyric acids (short chain fatty
acids). Butyric acid can be utilized by colonic mucosal

cells as an energy source and the bulk of the absorbed
proprionate is cleared by the liver.

Hydrolysis is the basic process of digestion. Carbohy-
drate malabsorption leads to colonic fermentation and
diarrhea. Disaccharidase deficiencies cause persistence of
the undigested carbohydrate along with an isotonic lu-
minal content into the colon, where bacteria ferment up to
90 g of undigested sugar into short chain fatty acids,
stimulating water and sodium absorption. This results in
small volume diarrhea with low quantities of fecal elec-
trolytes.

TYPES OF LACTOSE INTOLERANCE
The most common type of carbohydrate maldigestion and
malabsoprtion is caused by intestinal lactase deficiency.
Lactose malabsorption or hypolactasia is a common con-
dition caused by a low lactase activity. Lactose intoler-
ance occurs when the malabsorption causes symptoms.
Lactase deficiency has been described in three different
conditions congenital, primary late onset and secondary.
Congenital lactase deficiency has been described but is
rare, and a locus (2g21) has been identified. Symptoms
occur then short after birth. In the first year of life a num-
ber of infants may display partial malabsorption of die-
tary carbohydrate present in human milk or formula. This
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phenomenon of physiological malabsorption due to en-
zyme insufficiency may be cause of colic, especially giv-
en that enzyme insufficiency generally resolves at ap-
proximately three months of age which coincides with
when colicky behaviour usually subsides.

Primary late onset hypolactasia is an autosomic reces-
sive condition that is characterized by a gradual reduction
of lactase activity, but does not occur before the age of
two years. Mostly, constitutional lactase deficiency mani-
fests itself after the age of 5 to 6 years in white popula-
tions and sometimes what earlier in non-whites. In some
racial groups it does not occur before adolescence. It is
the normal condition for most humans. In Europe, the
frequency of primary late onset lactase deficiency varies
between 2% in Scandinavia to 70% in some regions of
Italy.” The prevalence in the white population in the USA
is about 20%. In Asia, the incidence of this condition is
close to 100%. When the low lactase activity does not
cause symptoms, it is called “lactose malabsorption”.
When symptoms occur, “lactose intolerance” is the pre-
ferred terminology. Mutation of a regulatory gene for
lactase has been postulated to explain the delayed onset of
hypo-lactasia. Continued exposure to milk can to some
extend affect the expression of the regulatory gene.

Secondary hypolactasia is due to gastrointestinal dis-
ease causing (partial) atrophy of the small bowel villi
such as gastroenteritis, celiac disease or inflammatory
bowel disease (Crohn’s disease).” Recovery of full func-
tion may take months, because lactase is the last disac-
charidase to return to normal following injury. The pres-
ence of lactose in the colon is responsible for fluid shifts
that result in osmotic diarrhea. Fermentation of a carbo-
hydrate causes bloating and cramps.

Clinically, lactase deficiency occurs after small bowel
injury, such as viral and parasitic infections. Whether it
makes sense to decrease the lactose intake in infants with
a severe gastroenteritis for a limited period of time (1 to 3
weeks) is heavily debated. The recommended feeding in
infants is breastfeeding, which contains a high amount of
lactose, and it is not recommended to stop breastfeeding
because of gastroenteritis. Moreover, when lactose is
fermented in the colon, it results in the growth of
bifidobacteria, thus stimulating a healthy gut microbiota.

SYMPTOMS
Symptoms and nutritional history lead to the diagnosis of
adult-type hypolactasia. Symptoms of adult-type hypolac-
tasia increase with age, with many patients developing
symptoms of lactose intolerance in adolescence and
adulthood. They start briefly after consumption of milk.
Although there is a broad heterogeneity in response
among patients, symptoms are in general related to the
amount of ingested lactose. Non-absorbed lactose is fer-
mented by the gastrointestinal microbiota resulting in the
production of shirt chain fatty acid but mainly hydrogen,
carbon dioxide and methane.* The production of gas is
the pathophysiologic mechanism causing symptoms such
as abdominal pain, cramps, borborygmi, bloating and
flatulence, watery and acid diarrhea, nausea and vomit-
ing>”’

Studies measuring breath hydrogen levels in colicky in-
fants have produced inconsistent results. The role of lac-

tose in infantile colic is controversial. Limited literature
suggests that a transient low lactase activity can trigger
excessive crying. A beneficial role of lactose-free or soy
based formulae has not been consistently demonstrated in
patients with infantile colic. Selection of patients is likely
to be a major bias in these studies. After some initial en-
thusiasm about the role of lactase treatment, negative re-
sults suggest a minor role of lactase in infantile colic.
Although a UK-recommendation suggests a one-week
trial of lactase drops in breastfed and formula-fed infants,
the evidence for this recommendation is limited. A trial
with a new formula containing a stable lactase as the re-
sult of a fermentation process indicated a decreased inci-
dence of infant crying at the age of four weeks. There is
insufficient evidence to recommend a trial of lactase or
reduced lactose formula in every infant presenting with
infantile colic, although this is a safe intervention.

DIAGNOSIS

Laboratory assessment of this diagnosis includes, prefer-
entially, a lactose hydrogen breath test and, exceptionally,
confirmation by lactase activity of a duodenal biopsy. The
diagnostic value of other procedures, such as reducing
substances, which are positive in the feces of patients
with lactose malabsorption are limited and depend more
on the context of the patient’s complaints and the results
of additional laboratory evaluation. Measurement of the
stool pH and/or the presence of reducing sugars in the
stools are indirect indications of a carbohydrate malab-
sorption.

The lactose tolerance test is considered to be less sensi-
tive than the lactose breath test. The lactose tolerance
blood test measures the evolution of glucose levels in
blood after a challenge with lactose. Glucose is created
when lactose breaks down. For this test, several blood
samples need to be taken after the intake of a liquid con-
taining lactose. The relationship between lactase activity
and the lactose breath test is not uniform. A poor correla-
tion was found between lactase activity, lactose tolerance
test and lactose hydrogen breath test in children suffering
form chronic diarrhea. Lactose tolerance and hydrogen
breath test must be performed after a 6 hour fast beyond
infancy.

Lactose malabsorption is a common disorder that may
well be diagnosed through the non-invasive lactose breath
test (LBT). The LBT is a rapid, non-invasive test that
allows measuring the content of hydrogen in the expired
air. The Rome Consensus Conference did evaluate the
methodology and indication of LBT in gastro-intestinal
disorders and suggested a cut-off increase of hydrogen of
20 parts per million (ppm) above the baseline level to be
considered as positive. The duration of the breath test
should be three hours in pediatric patients, with a sample
interval of at least 30 minutes, after a fasting of at least
three hours in the youngest up to at least six hours in old-
er children.*’ Sensitivity and specificity of hydrogen
measuring LBT is evaluated at around 70-100% and
100%, respectively. '*!!

However, false-negative results are reported to range
between 2.5% and 15% of all lactose malabsorbers.'>"
False negative results are mainly due to a lack of gastro-
intestinal microbiota able to produce hydrogen. The
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Figure 1. Relation between expired hydrogen and methane during lactose breath test

lactose breath test does not reliably predict tolerance to-
ward lactose in infants recovering from diarrhea. This
may be due after antibiotic treatment because of a strong-
ly reduced microbiota or because of an increased produc-
tion of methane by intestinal bacteria. An overwhelming
production of methane can strongly reduce the concentra-
tion of hydrogen. Vernia et al used a cut-off of 10 ppm
for methane and demonstrated that predominant methane
production resulted in higher rates of false negative re-
sults of the hydrogen increase than low methane produc-
tion."* However, Myo-Khin et al, using a cut-off of 2 ppm
for methane, concluded that the addition of the determina-
tion of methane to hydrogen did not increase the sensitivi-
ty and specificity of the hydrogen LBT."® The production
of one mole methane consumes four moles of hydrogen
and one mole of carbon dioxide, reducing the intracolonic
gas content.'® For that reason, several authors evaluated
the role of methane in expired air to improve the sensi-
tivity of hydrogen LBT. However, literature is not con-
clusive and pediatric literature suggests that the meas-
urement of methane in the expired air is of no additional
value to the measurement of hydrogen alone. In a study
that we performed, the level of methane increase accord-
ing to the increasing of the level of hydrogen (un-
published data) (Figure 1). This can be explained as a
mechanism to decrease the level of hydrogen and the
presence of gas in the gut. Conditions that cause false-
positive results are a slow gastric emptying rate and fast
gastro-intestinal transit time.

However, others reported no consistent relation be-
tween jejunal lactase levels and the threshold of lactose to
develop symptoms.

TREATMENT
Treatment is a lactose free or lactose poor diet. Lactose

free is only needed in the rare infants with congenital
lactase deficiency. In all the other clinical situations,
some lactase activity will persist and thus “small”
amounts of lactose are tolerated. Most lactose malabsorb-
ers will tolerate small amount of lactose. Amounts of 0.5
to 7.0 g lactose have been shown to not cause symptoms.
Some malabsorbers haven been shown to even tolerate
240 and up to 500 ml of milk per day. Fermented dairy
products such as yoghurt are in general better tolerated as
the lactose is fermented by the probiotic strains added.

The question has been raised as to whether symptomat-
ic lactose malabsorbers have an additional gastrointestinal
affection, such as irritable bowel syndrome. About 70%
of patients with milk intolerance and patients with irrita-
ble bowel syndrome have a positive hydrogen breath test,
and bowel transit is increased in irritable bowel syndrome.
It is hypothesized that the fast intestinal transit contrib-
utes to the complaints of lactose malabsorbers.

In many countries, lactase can be administered as an
“enzymatic supplement”. This exists as well in powder as
in liquid form, and needs to be taken just before a lactose
containing meal.

CONCLUSION

Primary lactose intolerance is almost non-existent before
the age of 5-6 years. If symptomatic lactose malabsorp-
tion occurs before that age, it is likely to be secondary to
another disease. In the latter situation, treatment of the
etiology results in recovery of the lactase activity. Slow
maturation of lactase after birth may cause infantile
crying and colic, but is no reason to stop breastfeeding. In
this case, the lactose has a prebiotic bifidogenic effect.
Late onset lactose intolerance requires a reduced lactose
intake.



S12 Y Vandenplas

AUTHOR DISCLOSURES
Potential conflict of interest: none for this manuscript. YVDP is
consultant for Aspen, Biocodex and United Parmcaceuticals.

REFERENCES

1. Solomons NW. Fermentation, fermented foods and lactose
intolerance. Eur J Clin Nutr. 2002;56(Suppl 4):S50-5.

2. Ozdemir O, Mete E, Catal F, Ozol D. Food intolerances and
eosinophilic esophagitis in childhood. Dig Dis Sci. 2009;54:
8-14. doi: 10.1007/s10620-008-0331-x.

3. Usai-Satta P, Scarpa M, Oppia F, Cabras F. Lactose malab-
sorption and intolerance: What should be the best clinical
management? World J Gastrointest Pharmacol Ther. 2012;3:
29-33

4. Matthews SB, Waud JP, Roberts AG, Campbell AK. Sys-
temic lactose intolerance: a new perspective on an old prob-
lem. Postgrad Med J. 2005;81:167-73.

5. Vesa TH, Marteau P, Korpela R. Lactose intolerance. ] Am
Coll Nutr. 2000;19(Suppl 2):165S-75S.

6. Gugatschka M, Dobnig H, Fahrleitner-Pammer A, Pietsch-
mann P, Kudlacek S, Strele A, Obermayer-Pietsch B. Mo-
lecularly-defined lactose malabsorption, milk consumption
and anthropometric differences in adult males. QJM. 2005;
98:857-63.

7. Pimentel M, Lin HC, Enayati P, van den Burg B, Lee HR,
Chen JH, Park S, Kong Y, Conklin J. Methane, a gas pro-
duced by enteric bacteria, slows intestinal transit and aug-
ments small intestinal contractile activity. Am J Physiol
Gastrointest Liver Physiol. 2006; 290:G1089-95.

8. Gasbarrini A, Corazza GR, Gasbarrini G, Montalto M, Di
Stefano M, Basilisco G et al. Methodology and indications

10.

11.

12

13.

14.

15.

16.

of H2-breath testing in gastrointestinal diseases: the Rome
Consensus Conference. Aliment Pharmacol Ther. 2009;
29(Suppl 1):1-49.

Kerber M, Oberkanins C, Kriegshauser G, Kollerits B,
Dossenbach-Glaninger A, Fuchs D, Ledochowski M. Hy-
drogen breath testing versus LCT genotyping for the diag-
nosis of lactose intolerance: a matter of age. Clin Chim Acta.
2007;383:91-6.

Rosado JL, Solomons NW. Sensitivity and specificity of the
hydrogen breath-analysis test for detecting malabsorption of
physiological doses of lactose. Clin Chem. 1983;29:545-8.
Romagnuolo J, Schiller D, Bailey RJ. Using breath tests
wisely in a gastroenterology practice: an evidence-based re-
view of indications and pitfalls in interpretation. Am J Gas-
troenterol. 2002;97:1113-26.

. Lee Mand Barrie S. Breath testing in intestinal disaccha-

ridase deficiency and bacterial overgrowth of the small in-
testine. J Nutr Environ Med. 1996;6:43-54.

Gilat T, Ben Hur H, Gelman-Malachi E, Terdiman R, Peled
Y. Alterations of the colonic flora and their effect on the hy-
drogen breath test. Gut. 1978;19:602-5.

Vernia P, Di Camillo M, Marinaro V, Caprilli R. Effect of
predominant methanogenic flora on the outcome of lactose
breath test in irritable bowel syndrome patients. Eur J Clin
Nutr. 2003;57:1116-9.

Myo-Khin, Bolin TD, Khin-Mar-Oo, Tin-Oo, Kyaw-Hla S,
Thein-Myint T. Ineffectiveness of breath methane excretion
as a diagnostic test for lactose malabsorption. J Pediatr Gas-
troenterol Nutr. 1999;28:474-9.

Wolin MJ. Fermentation in the lumen and large intestine.
Science. 1981;213:1463-8.



Lactose intolerance S13

Review Article
Lactose intolerance

Yvan Vandenplas MD, PhD

Department of Pediatric Gastroenterology, Universitair Ziekenhuis Brussel, Brussels, Belgium

7 o

PHER LRI IR v PR FEEF R LR L L 2 Y5k
Bt A R o R LR g - B ﬁi%ﬁ%°??¥ﬁﬂ4ﬁ¥*
Fo BB RET s > ¥ 3 R EBSH o KA o AARS T g L
3RS AE TR R R Ak B en e %#ﬁt“f»’liﬁ%%‘%“’ » Bk A
gaaa,aaﬂﬁakoz%ak%%Avﬁ&ﬁﬁwﬁ’kﬂ%ﬂ%%%
g fﬁ R % lﬁ}:&—i‘i = &73@}3{3‘ ;}L};:l,%° - B f?’vﬁ'}t/r/ﬁ 1 1‘%?14/:«”
é@ﬁwaﬁ EHOLE A SHGRF AR A PIEFL L o A R
TR e 45 R RT EAR o AR R EIVAR RS K AR B s
%%?’a%%%MEﬁiﬂﬁﬁ@iﬁ#ﬁo%%*ﬂ’ﬂ“ﬁﬁﬁiﬁﬁ
Ford SURERREY o B R A F BB D MR > e R et ERY

AT D F F R SRR Bl SR



