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Background: The available data on the incidence of lac-
tose malabsorption are contradictory. Potential bias in 
random selection is a major drawback of studies per-
formed to-date. Moreover, molecular analysis of poly-
morphism –13910 C>T upstream of the lactase (LCT) 
gene (NM_005915.4:c.1917+326C>T; rs4988235) has not 
been reported in those studies. Therefore, in this study 
we aimed to assess genetic predisposition and clinical 
manifestation of adult-type hypolactasia (ATH). Patients 
and methods: In two-hundred randomly chosen healthy 
subjects (HS) aged from 18 to 20 years, the presence of 
–13910 C>T polymorphic variants upstream of the LCT 
gene was assessed. In a subgroup of subjects with gen-
otype predisposing to ATH, hydrogen-methane breath 
test (BT) with lactose loading was conducted to deter-
mine the current state of lactase activity. In addition, 
clinical symptoms typical for lactose malabsorption were 
assessed using the questionnaire method. Results: Sixty-
three out of 200 (31.5 %) HS had –13910 C/C genotype. 
Thus, genetically determined lactase persistence is ex-
pected in the remaining 137 (68.5 %) subjects. Thirteen 
out of 53 (24.5 %) HS having –13910 C/C genotype were 
proved to be lactose intolerant. Recalculating the data 
for the entire studied population it implies the incidence 
of lactose malabsorption in 7.7 % of subjects. Only three 
out of 13 (23.1 %) subjects with abnormal BT results, re-
ported clinical symptoms related to lactose consump-
tion. Conclusions: Significantly lower than previously 
reported incidence of clinically detectable lactose mal-
absorption in young healthy adults in Poland has been 
documented. The –13910 C/C genotype upstream of the 
LCT gene indicates a predisposition to ATH, but definite-
ly does not define the current ability to tolerate lactose. 
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BACKgROuNd

Lactase (LCT) is an enzyme of small intestine brush 
border that breaks down lactose into two monosug-
ars: glucose and galactose. The production of LCT is 
dependent on the expression of the lactase-phlorizin 
hydrolase gene (LCT). Lactose malabsorption (LM) 
occurs due to a deficiency in the LCT activity (hypo-
lactasia) (Ingram et al., 2009). The symptoms of lac-

tose intolerance (diarrhea, abdominal pain, flatulence, 
bloating, cramps) (Heyman, 2006) result from bacte-
rial fermentation of undigested lactose in the colon 
and may result in avoidance of dairy products by af-
flicted individuals (Di Stefano et al., 2006). This condi-
tion is apparently the major reason for avoiding milk 
products worldwide (Scrimshaw et al., 1988; Vesa et 
al., 1996; Savaiano et al., 2006). Insufficient vitamin 
D and calcium intake associated with the restricted 
intake of milk and dairy products can lead to poor 
health outcomes, particularly related to bone mineral 
density and risk of fractures (Di Stefano et al., 2001; 
Enattah et al., 2005).

Several single nucleotide polymorphisms (SNP) were 
described upstream of the LCT gene and the surround-
ing regions (Järvelä et al., 1998; Enattah et al., 2002; 
2008). It was reported that homozygous genotype of 
allelic variant C at position 13910 (C13910) upstream 
of the LCT gene is tightly associated with adult-type of 
hypolactasia (ATH) (Enattah et al., 2002). The homo- 
or heterozygous genotype of T13910 variant upstream 
of the LCT gene results in lactase persistence. ATH 
is the most common cause of milk intolerance in chil-
dren, adolescents and adults and the most common en-
zyme deficiency in humans (Semenza, 2001). Clinically, 
it results in lactose intolerance. The incidence of ATH 
is ethnic-dependent, highly varied (3–100 %) (Hollox et 
al., 2001; Ingram et al., 2009) and difficult to discern 
because studies differ both in terms of applied meth-
odology and data interpretation. Two relatively large 
studies performed in Poland have provided contradic-
tory results on the incidence of lactose malabsorption 
(17.4 % vs. 37.5 %) as assessed with the use of hy-
drogen breath test (Socha et al., 1984; Kwiecień et al., 
2005). No molecular analysis of SNP upstream of the 
LCT gene has been conducted in them. Potential bias 
in random selection is a major drawback of both stud-
ies. Moreover, the ATH incidence obtained in the first 
study is higher than expected for Central and Eastern 
Europe (Socha et al., 1984). Therefore, in the present 
study we aimed to assess genetic predisposition and 
clinical manifestation of ATH with the use of modern 
and reliable tools.
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PATIeNTS ANd MeTHOdS

The survey was carried out in the years 2006–2009. 
Two-hundred of randomly chosen healthy subjects of 
Polish origin (HS; 98 females and 102 males) aged from 
18 to 20 years entered the study. Entire students’ groups 
were included under the condition of at least 95 % par-
ticipation. In all subjects, peripheral blood was drawn 
and total genomic DNA was extracted from fresh or 
frozen blood. The kit MutaGEL Lactase (Immundiag-
nostik AG, Bensheim, Germany) was used for detection 
of the –13910 T>C polymorphism upstream of the LCT 
gene (NM_005915.4:c.1917+326C>T; rs4988235) by di-
rect allele-specific detection of genotype. 

The DNA concentration and level of protein contami-
nation were determined from absorbance at 260 nm and 
280 nm. An A260/A280 ratio ≥1.8 indicates high purity 
of DNA. Such material was amplified by PCR with two 
sets of primers allel-specific for the lactase gene. Ampli-
fied DNA fragments were separated by electrophoresis 
in agars’ gel and visualized by ethidium bromide staining. 
The presence of “C”-base was indicated by detection of 
DNA product (170 bp) in MIX 1 (“Primer C”), whereas 
the presence of “T”-base was indicated by detection of 
DNA product (170 bp) in MIX 2 (“Primer T”). Internal 
control fragment for PCR was detected at 400 bp. 

In 53 subjects with –13910 C/C genotype upstream 
of LCT gene, hydrogen-methane breath test (BT) with 
lactose loading was conducted to determine the cur-
rent state of lactase activity. BT was performed after 
overnight fasting. Patients were instructed not to eat 
or drink for at least 12 h before the test and to avoid 
slowly digesting foods such as beans and similar vegeta-
bles, brans or high-fiber cereals the day before the test. 
Subjects were not allowed to smoke, sleep or exercise 
vigorously for at last 1 h before or at any time during 
the test. Every patient received lactose dissolved in water 
orally in a dose of 25 g. Breath samples were collected 
at baseline (fasting) and at 30, 60, 90, 120, 150 and 180 
min after lactose ingestion. The samples were analyzed 
with a QuinTron MicroLyser DP Plus (Quintron, USA). 
A positive BT was defined as breath H2 level increase of 
at least 20 ppm over the lowest preceding value within 
the test period or breath CH4 level increase of at least 
12 ppm over the baseline within the test period or com-
bined increase of at least 15 ppm within the test period.

Clinical symptoms were assessed using a question-
naire. The following issues were addressed: 1/ drinking 
milk or ingesting other dairy products (at all, irregular or 
regular), 2/ symptoms after ingestion of dairy products 
(abdominal pain, flatulence, bloating, cramps, diarrhea).

The protocol of the investigation was approved by the 
Bioethical Committee of the Poznań University of Medi-
cal Sciences (Poland).

ReSulTS

The distribution of SNP allelic variants upstream of 
the LCT gene in 200 HS in the studied group is pre-
sented in Fig. 1. Sixty-three out of 200 (31.5 %) HS had 
genotype predisposing to ATH. Thus, genetically deter-
mined lactase persistence is expected in the remaining 
137 (68.5 %) subjects. 

Thirteen out of 53 (24.5 %) HS having –13910 C/C 
genotype were proved to be lactose malabsorbers on the 
basis of BT (Fig. 2). Recalculating the data for the entire 
population it implies the incidence of lactose malabsorp-

tion in 7.7 % of subjects. Only three out of 13 (23.1 %) 
subjects with abnormal BT results reported clinical 
symptoms related to lactose consumption. 

dISCuSSION

The incidence of lactose malabsorption in Polish chil-
dren aged 8–11 years and adolescents/adults in a wide 
range of age (16–59 years) was estimated to be 17.4 % 
and 37.5 %, respectively (Socha et al., 1984; Kwiecień et 
al., 2005). The observed difference between these stud-
ies is substantial, with the frequency of LM in the latter 
one being higher than expected for Central and Eastern 
Europe. A truly random selection of the studied sub-
jects is doubtful, especially in the second study. “Free” 
volunteering may result in a significant bias, promoting 
the recruitment of subjects with ATH. Therefore, in 
the present study we included entire students’ groups 
under condition of at least 95 % participation. Interest-
ingly, we documented a substantially lower incidence of 
lactose malabsorption (7.7 %) in the studied population. 
The large divergence between our results and previous 
data may be also explained by other methodological is-
sues. BT was performed in both studies cited above on 
the basis of a protocol with a 50-g dose of lactose (So-
cha et al., 1984; Kwiecień et al., 2005). This methodology 
was suggested to provide low accuracy with many false 
positive results (Strocchi  et al., 1993). We used a more 
reasonable amount of 25 g of lactose that is equivalent 
to 0.5 l of milk. Moreover, we used hydrogen-methane 
instead of hydrogen breath test which allows to exclude 
some potential false negative results (Lisowska et al., 
2009). 

Figure 1. distribution of –13910 C>T genotypes upstream of 
lactase gene

Figure 2. Prevalence of lactose malabsorption (lM) and lactose 
intolerance (lI) in 53 healthy subjects having –13910 C/C geno-
type upstream of lactase gene (HSC/C)
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The SNP analysis of –13910 C>T variants upstream 
of the LCT gene created a reliable background for ATH 
detection and confirmation (Rasinperä et al., 2004; Enat-
tah et al., 2007). The frequency of –13910 C/C genotype 
(31.5 %) in the present study approximates the upper 
limit of ATH incidence in the Polish population. Inter-
estingly, only 24.5 % of subjects with genetic predisposi-
tion to ATH demonstrated lactose malabsorption in BT. 
This indicates that most of the young adult subjects with 
–13910 C/C genotype were still able to tolerate lactose 
and could consume milk and dairy products without ma-
jor restrictions. The data here may potentially question 
the reliability of genetic testing. As documented by Ras-
inperä et al. (2004) and Enattah et al. (2007), molecular 
analysis supplies reliable and useful diagnostic data. It 
provides information about the intestinal lactase expres-
sion genotype, while BT indicates the actual presence of 
lactose malabsorption (Di Stefano et al., 2006; Mądry et 
al., 2010). 

In order to be lactose tolerant it is sufficient to have 
one active LCT allele. It has been demonstrated by two 
independent studies that the majority of lactase mRNA 
present in lactase tolerant heterozygous individuals origi-
nates from only one allele consistent with their hetero-
zygous status (Boll et al., 1991; Swallow, 2003). This re-
sult is highly informative because it clearly demonstrates 
that ATH is caused by cis-acting transcriptional silencing 
of the LCT gene and that the individual lactase alleles 
are regulated independently (Wang et al., 1995). Lactase 
activity lowering is a process that takes place progressive-
ly over time; in most mammals lactase activity is high at 
birth and during breast-feeding, then declines at weaning 
to low adult levels (Newcomer, 1966). This physiological 
dependence makes the prevalence of lactose malabsorp-
tion in subjects with –13910 C/C genotype increase sig-
nificantly with age (Di Stefano et al., 2001). According to 
Krawczyk et al. (2008) the concordance between genetic 
test and BT is excellent (100 %). Nevertheless, the me-
dian age in the studied group was 41 years and patients 
were admitted to the hospital for symptoms suggesting 
lactose intolerance (Krawczyk et al., 2008). The age of 
ATH onset shows a wide ethnic and regional variation. 
The majority of Black and Asian populations have been 
demonstrated to become hypolactasic in early childhood, 
whereas in Caucasians a low lactase level is rarely seen 
in children under five years of age. LM related to ATH 
seems to occur later in childhood or in adolescence 
(Scrimshaw & Murray, 1988). There is some evidence 
that intestinal lactase activity does not continue to de-
cline with age, because no differences in the prevalence 
of lactose malabsorption were found between older and 
younger adults (Jussila et al., 1970). However, its preva-
lence is more common in adults than in children (Cas-
key et al., 1977; Welsh et al., 1978). We have documented 
in the present study a quite low incidence (24.5 %) of 
lactose malabsorption in genetically predisposed young 
healthy adults, which may suggest later silencing of LCT 
gene in the Polish population. We may assume with very 
high probability that the –13910 C/C genotype indicates 
a predisposition to ATH, but definitely does not deter-
mine the current clinical status which can be identified 
by BT.

Interestingly, only 23.1 % of subjects with abnormal 
BT results reported clinical symptoms related to diary 
product consumption. Therefore, exclusively sympto-
matic screening for subjects with ATH seems to have 
limited value as it was also documented by Sahi (1978). 
Jussila et al. (1970) reported that the mean age of symp-

tomatic lactose intolerant subjects was higher (46 years) 
than that of non-symptomatic lactose maldigesters (31 
years), whereas Suarez and Savaiano (1994) indicated no 
difference in the symptoms between the age groups of 
over 65 years and 20 to 40 years. It is possible that the 
subjects in the latter study were specially selected, since 
they were recruited by announcements in certain neigh-
borhoods. Moreover, the number of subjects may be not 
sufficient to draw definitive conclusions (20 people in 
each of two groups). 

The lack of a uniform study design and methodology 
hampers a rational, evidence-based approach to diagnosis 
and management of lactose intolerance. It seems impor-
tant to draw attention at least to a uniform nomencla-
ture. This will contribute to easier comparisons between 
different studies and can be helpful in conducting meta-
analyses. The –13910 C/C genotype points to genetic 
predisposition to ATH. Positive BT is equivalent to lac-
tose malabsorption. The presence of clinical symptoms 
should be defined as lactose intolerance. 

In conclusion, the results from this study show a 
lower incidence of clinically detectable lactose malab-
sorption (7.7 %) in young healthy adults in Poland than 
it was reported previously. The –13910 C/C genotype 
(31.5 %) indicates a predisposition to ATH, but definitely 
not the current clinical status. We would like to empha-
size a clinical utility of both tests (molecular analysis and 
BT) and their complementary role as well as to stress 
the importance of additional investigation to provide evi-
dence-based and culturally sensitive data about ATH and 
silencing lactase activity with age.
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