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Summary 

Adult-type hypolactasia (primary lactose malabsorption, lactase non-persistence) is 

the most common enzyme deficiency in humans, presenting in all populations and 

varying considerably by frequency in different ethnicities. Adult-type hypolactasia 

may lead to unspecific abdominal complaints such as diarrhea, flatulence, audible 

bowel, nausea, bloating and abdominal cramping. The condition is genetically 

determined and inherited as a recessive trait. Homozygous subjects with the C/C-

13910 genotype evince very low lactase activity in the jejunum, whereas heterozygous 

C/T-13910 subjects and carriers of the T allele in its homozygous variant (T/T-13910) 

maintain a higher lactase activity.  

The possibility of persisting lactase in adult age appeared in humans as a 

mutation. The genetic test allowing determination of the LNP genotype and thus 

diagnosing adult-type hypolactasia was discovered in 2002.  

The prevalence of adult-type hypolactasia among Northern Russians and 

indigenous Nenets was studied here using genotyping for LCT gene variants as a 

marker for the condition. We observed that Northern Russians had a 36% 

prevalence of adult-type hypolactasia, whereas 90% of neighboring native Nenets 

are lactase non-persistent. 

We also studied the influence of C/C-13910 on the appearance of GI symptoms 

and milk consumption among a Russian population. The conclusion was that 

homozygotes for C/C have more GI symptoms caused by milk. Milk was 

determined as only one of the tested foods giving rise to symptoms in LNP 

subjects. Moreover, there were fewer milk-consumers among C/C-13910 subjects 

compared to C/T and T/T genotype carriers.  

We discovered the G>A-13914 genotype variant upstream of the LCT gene in 

one of our study subjects who carried C/C in -13910 position. We examined 

members of this person`s family and found this mutation in three of them. 

Previously such a variant had been reported in two persons only, both of them 

living in Central Europe. However, in the current study the significance of the 

variant was for the first time investigated and described. We carried out 

measurement of the lactase activity in the small intestine of our subject and found 
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that a variant in heterozygous state was associated with increased lactase activity, 

suggesting that this phenomenon was most likely associated with the G>A-13914 

variant.  

In the Nenets study the method of concordance of grandparents’ origin was 

applied to establish the number of native Nenets in the study group. We estimated 

separately the frequency of C/C-13910 among those who had four, three, two and 

one grandparent of Nenets origin. Such an approach was applied for the first time 

in a hypolactasia study. It emerged that those who had only Nenets in previous 

generations had a highest prevalence of hypolactasia, while the frequency among 

others diminishes gradually in accordance to the number of Nenets ancestors. We 

used the term ethnicity in the biological sense in our study.  

We established that the prevalence of adult-type hypolactasia varies 

considerably among populations even if they are close geographical neighbors. The 

frequency of a genotype depends on ethnicity and history of milk usage. The gene 

flow from other populations exerts an influence on the frequency of lactase non-

persistence.  



 

 13 

Tiivistelmä 

Aikuistyypin hypolaktasia (primaari laktoosimalabsorptio, laktoosi-intoleranssi) on 

ihmisen yleisin entsyyminpuutos. Sitä esiintyy kaikissa maailman väestöissä. 

Yleisyys vaihtelee huomattavasti eri etnisten ryhmien välillä. Aikuistyypin 

hypolaktasia saattaa johtaa erilaisten vatsavaivojen kuten ripulin, ilmavaivojen, 

äänekkään suoliston, pahoinvoinnin, turvotuksen ja vatsan kouristuksien 

esiintymiseen. Hypolaktasia on resessiivisesti periytyvä entsyyminpuutostila. C/C-

13910-genotyyppiä olevien homotsygoottien yksilöiden ohutsuolen laktaasiaktiviteetti 

on erittäin vähäinen. Sen sijaan C/T-13910-heterotsygooteilla sekä T-alleelia kantavilla 

homotsygooteilla (T/T-13910) suolen laktaasiaktiviteetti on korkea. 

Laktaasientsyymin aktiviteetin säilyminen aikuisiälle mahdollistui mutaation 

seurauksena. C/C-13910-genotyypin ja aikuistyypin hypolaktasian määrittävä 

geenitesti kehitettiin vuonna 2002.  

Aikuistyypin hypolaktasian esiintyvyyttä pohjoisvenäläisten ja nenetsien 

alkuperäiskansan keskuudessa tutkittiin tyypittämällä laktaasigeenin variantteja. 

Havaitsimme, että 36 prosentilla pohjoisvenäläisistä ja 90 prosentilla nenetseistä on 

hypolaktasian genotyyppi.  

Tutkimme myös C/C-13910-geenin yhteyttä ruoansulatuskanavan oireiden 

ilmenemiseen sekä maidonkulutuksen yleisyyteen venäläisväestössä. Havaitsimme, 

että C/C-homotsygooteilla on enemmän maidosta aiheutuvia ruoansulatuskanavan 

oireita kuin muilla geenivarianteilla. Maidon lisäksi myös muut testatut ruoka-aineet 

aiheuttivat oireita C/C-13910-genotyyppiä edustaville tutkittaville. Lisäksi heidän 

joukossaan oli vähemmän maitotuotteita käyttäviä henkilöitä verrattuna C/T- ja 

T/T- genotyypin edustajiin. 

Löysimme G>A-13914- geenivariantin potilaalta, jolla C/C-genotyyppi oli 13910-

positiossa. Muunnos sijaitsee 13914 emäsparin päässä laktaasigeeniä edeltävästä 

sekvenssikohdasta. Löysimme saman alleelin myös tämän henkilön kolmelta 

perheenjäseneltä. Aiemmin tämä variantti on löydetty ainoastaan kahdelta 

keskieurooppalaiselta tutkittavalta. Variantin merkitys kuvattiin kuitenkin 

ensimmäisen kerran vasta käsillä olevassa tutkimuksessa. Mittasimme tutkittavan 

ohutsuolen laktaasiaktiviteetin ja huomasimme heterotsygoottivariantin olevan 
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yhteydessä kohonneeseen laktaasiaktiviteettiin.  Tämä viittaa siihen, että kohonnut 

laktaasiaktiviteetti todennäköisesti liittyy nimenomaan G>A-13914- varianttiin.  

Nenetsitutkimuksessa määritimme syntyperäisten nenetsien määrän 

isovanhempien syntyperän perusteella sekä määrittämällä C/C-13910-genotyypin 

esiintyvyyden niiden nenetsien keskuudessa, joilla oli kaksi, kolme tai neljä 

nenetsiesi-isää. Tällaista lähestymistapaa käytettiin nyt ensimmäistä kertaa 

hypolaktasiatutkimuksessa. Havaitsimme, että niillä nenetseillä, joilla oli vain 

nenetsiesi-isiä aiemmissa sukupolvissa oli myös eniten hypolaktasiaa. Muiden 

nenetsien keskuudessa hypolaktasian esiintyvyys väheni nenetsiesi-isien lukumäärän 

laskiessa. Käytämme tutkimuksessamme käsitettä etninen sen biologisessa 

merkityksessä.  

Aikuistyypin hypolaktasian esiintyvyys vaihtelee merkittävästi eri väestöissä 

vaikka ne sijaitsisivatkin maantieteellisesti lähellä toisiaan. Tietyn genotyypin 

esiintyvyys riippuu etnisestä syntyperästä sekä maitotuotteiden käyttöhistoriasta. 

Geenivirta muista populaatioista vaikuttaa myös laktoosi-intoleranssin 

esiintyvyyteen.  
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Абстракт 

Гиполактазия (первичная лактазная мальабсорбция, неустойчивость лактазы) 

- наиболее частый вариант ферментного дефицита человека, встречающийся 

во всех популяциях и значительно отличающийся по частоте в разных 

этнических группах. Взрослый тип гиполактазии может проявляться 

неспецифическими абдоминальными жалобами, такими как диарея, вздутие и 

урчание в животе, тошнота, выделение газов и боли в животе. Взрослый тип 

гиполактазии предопределен генетически и наследуется как рецессивный 

признак. У гомозигот с C/C-13910 генотипом активность лактазы в тощей 

кишке очень низкая, в то время как у гетерозиготных носителей генотипа 

C/T-13910 и у гомозигот по Т аллелю (T/T-13910) сохраняется высокая лактазная 

активность.   

Способность поддерживать стабильный уровень лактазы во взрослом 

возрасте возникла у человека как мутация. Генетический тест, дающий 

возможность определить генотип неустойчивости лактазы и диагностировать 

взрослый тип гиполактазии, был разработан в 2002 году.  

Распространенность взрослого типа гиполактазии среди русских, 

проживающих на Севере и в популяции коренных ненцев, была исследована 

с помощью метода генотипирования. Частота взрослого типа гиполактазии 

среди русских северян составила 36%, в то время как у живущих по соседству 

ненцев - 90%.  

Возможное влияние C/C-13910 генотипа на возникновение 

гастроинтестинальных симптомов и потребление молока среди русской 

популяции было изучено в ходе исследования. Гомозиготы C/C имеют 

больше гастроинтестинальных симптомов, вызванных приемом молока. 

Молоко оказалось единственным из протестированных видов продуктов, 

ведущим к возникновению симптомов у людей с лактазной неустойчивостью. 

Кроме того, было показано, что среди носителей C/C-13910 количество 

потребителей молока меньше, чем среди C/T-13910 и T/T-13910 носителей.  

G>A-13914 вариант генотипа был обнаружен у одной из участвующих в 

исследовании пациентки с C/C генотипом в -13910 позиции. Мы обследовали 



 

 16 

семью пациентки и обнаружили G/A мутацию у трех членов этой семьи. 

Ранее такой вариант генотипа был описан только у двух человек, живущих в 

Центральной Европе. Возможное значение этого варианта было впервые 

исследовано и описано в представленной работе. При проведении 

измерения лактазной активности в тонком кишечнике пациентки было 

обнаружено, что вариант G/A ассоциирован с повышенной лактазной 

активностью, что позволяет предположить влияние генотипа G/A-13914 на 

повышение лактазной активности у пациента с C/C-13910 генотипом. 

При исследовании популяции ненцев был использован метод 

конкордантности происхождения прародителей для выявления группы 

нативных ненцев. Отдельно была оценена частота генотипа C/C-13910  среди 

тех, кто имел четыре, три, два или одного прародителя (дедушку или 

бабушку) – ненца. Такой подход был использован впервые. Наивысшая 

частота лактазной неустойчивости была выявлена среди ненцев, имеющих 

только ненцев в предыдущих поколениях, в то время как частоты генотипа 

среди остальных групп ненцев уменьшались в соответствии с уменьшением 

количества ненецких предков.   

Мы подтвердили тот факт, что распространенность взрослого типа 

гиполактазии может значительно варьировать в популяциях, даже если они 

являются близкими территориальными соседями. Частота генотипа зависит 

от происхождения и истории потребления молока. Приток генов из других 

популяций оказывает влияние на частоту лактазной неустойчивости.  
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Introduction 

Adult-type hypolactasia (lactase non-persistence, LNP) is the most common 

enzyme deficiency encountered all over the world. The prevalence of this condition 

varies considerably among ethnicities, and there are still populations where its 

prevalence has not been studied.  

Adult-type hypolactasia is inherited in an autosomal recessive manner and 

causes a primary decline in enzyme activity. It was formerly believed that lactase 

non-persistence manifests in childhood. However, the age at which lactose 

intolerance manifests can vary between ethnicities. The majority of northern 

Europeans have the ability to maintain lactase activity and digest lactose 

throughout their life (lactase persistence). 

The lactase persistence mutation is one of the best-known positive mutations, 

following upon changes in food consumption. The cultural historical hypothesis, 

suggested by Simoons (Simoons 1970, Simoons 1969), elaborated by McCracken 

(McCracken 1970, McCracken 1971) and supplemented by Flatz and Rotthauwe 

(Flatz, Rotthauwe 1973) associated the occurrence of hypolactasia with the history 

of dairying. Populations traditionally keeping cows and therefore having the milk 

products as the most desirable food enjoyed a survival advantage. Such peoples 

probably had more living children than those with hypolactasia and this ensured 

the spread of this mutation. The duration of the tradition impacts on differences in 

the prevalence of lactose intolerance among different ethnicities.  

The identification of specific nucleotide polymorphisms associated with adult-

type hypolactasia (Enattah, Sahi et al. 2002) has made it possible to test whether a 

patient has lactase-persistent or non-persistent genotype. The genetic variant 

associated with adult-type hypolactasia, the one-base polymorphism C/T-13910, was 

identified in 2002. The variant is inherited recessively, the C/C-13910 genotype (C 

allele in homozygous form) being invariably associated with lactase non-persistence, 

while the C/T-13910 and T/T-13910 variants are responsible for the persistence of 

lactase. Subsequently other genotype variants associated with lactase activity were 

discovered, mostly in the Southern part of the world. Although certain other alleles 

associated with lactase persistence have also been discovered in Europe, the C/T-
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13910 polymorphism remains the most common variant of the lactase 

persistent/non-persistent genotype for the European population.  

Adult-type hypolactasia has been considered to be responsible for the 

occurrence of certain unspecific abdominal complaints. The most common 

gastrointestinal symptoms characteristic of intolerance to lactose are flatulence, 

gurgling, abdominal distension, abdominal cramping and diarrhea. Subjects with 

hypolactasia can tolerate moderate quantities of milk, up to 12g of lactose/250 ml 

of milk. If the daily dose of lactose is consumed in small portions and also with a 

meal, the likelihood of symptoms is very low. 

In this work, the prevalence of adult-type hypolactasia (C/C-13910 genotype) 

among a population in North-West Russia was studied using the genotyping 

method. We carried out the investigation among Russian and Nenets ethnic groups 

in order to establish the prevalence of adult-type hypolactasia among these 

neighboring populations.  

The populations of North Russia are among those where the prevalence of 

lactase persistence/non-persistence has not previously been studied. However, in 

clinical practice I see many patients who report a variety of gastrointestinal 

complaints which they associate with milk consumption and consequently exclude 

milk products from their diet. Whether these subjects with “milk troubles” are 

lactase non-persistent or some of them simply diagnose themselves as having 

hypolactasia remains an open question. Since awareness of adult-type hypolactasia 

is low or even absent among practitioners in the region, no one paid attention to 

the possibility of hypolactasia as a factor underlying these gastrointestinal 

complaints. It is thus clearly meaningful to study adult-type hypolactasia in the 

North of Russia.  
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1 Review of the literature 

1.1 Metabolism of lactose 

 Lactose in humans 1.1.1

The milk of most mammals contains the carbohydrate called lactose (Arola, Tamm 

1994). In human milk lactose is present in amounts up to 7.2 g per 100 ml (Jenness 

1979), while the lactose content in cow’s milk is estimated to be 4.4–4.7g /100 ml 

(Campbell, Matthews et al. 2010, Agostoni, Turck 2011). Lactose provides an 

excellent source of energy, growth and development during infancy (Agostoni, 

Turck 2011, Lomer, Parkes et al. 2008). Chemically lactose or β-D-

galactopyranosyl-(1→4)-D-glucose is a disaccharide composed of the 

monosaccharides D-glucose and D-galactose, joined by a ß-1,4-glycosidic linkage 

(Troelsen 2005). The enzyme lactase-phlorizin hydrolase (LPH, lactase, β-

galactosidase) is responsible for splitting the entering lactose into two composed 

monosaccharides glucose and galactose (Fig. 1).  

 

Figure 1. Metabolism of lactose in humans (from Lactose Intolerance, 2012 with some modifications) 
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These two oligosacharidases are then absorbed by intestinal enterocytes; glucose is 

eventually utilized as an energy source whilst galactose is metabolized by the Leloir 

Pathway into nucleotide sugar UDP-glucose (McSweeney, Fox 2009). 

 Structure and function of lactase enzyme 1.1.2

The LPH is presented on the apical surface of enterocytes in the brush border of 

the small-intestinal epithelium (Fig.2). It is anchored by its C-terminal end to the 

enterocyte surface and the major part of the enzyme molecule protruding into the 

gastrointestinal lumen (Lomer, Parkes et al. 2008). Such a location renders the 

enzyme vulnerable in a case of cell damage in comparison to other intestinal 

disaccharidases which are located deeper (Heitlinger, Rossi et al. 1991, Vesa, 

Marteau et al. 2000). 

The enzyme belongs to a group of intestinal microvillar disaccharidases which 

also include sucrase-isomaltase and maltase-glucoamilase (Naim, Sterchi et al. 1987). 

Lactase-phlorizin hydrolase has two strongly associated catalytic sites: ß-

galactosidase (EC 3.2.1.23) and phlorizin hydrolase (EC 3.2.1.62). The lactase (ß-

galactosidase) hydrolyses lactose and cellobiose, whereas phlorizin hydrolase splits 

aryl- and alkyl- ß-glycosides such as phlorizin and phlorizin hydrolase (Sebastio, 

Villa et al. 1989). Of the above mentioned only lactose is significant in terms of 

nutrition. 

In humans the highest activity of lactase has been demonstrated in the jejunum, 

approximately 50 up to 200 cm distal to the ligament of Treitz (Shils, Shike c2006, 

Auricchio, Maiuri 1994), the activity being minimal in the ileum.  

Lactase is an enzyme typical of mammals only. Its level in the small intestine 

determines the ability to digest lactose from food without abdominal symptoms. 
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Figure 2. Lactase-phlorizin hydrolase anchored by the C-terminal end in the apical surface of the 
enterocyte, its major part protruding into the gastrointestinal lumen (Glu – glucose; Gal – galactose) 
(from Lomer, Parkes et al. 2008)  

 Metabolism of lactose in hypolactasia 1.1.3

The efficacy of lactose metabolism is determined by a variety of factors apart from 

lactase activity. Individual differences in lactose intolerance can be related to the 

amount of lactose presented in the intestine, the speed of gastric emptying and 

intestinal passage, the capability of the intestinal microflora to ferment lactose and 

the response of the large bowel to the osmotic load (Arola, Tamm 1994).  

As the term hypolactasia implies conspicuously low lactase activity, lactose 

derived from food cannot be properly split into glucose and galactose and thus 

remains in the intestine in unchanged form. Unabsorbed lactose passing through 

the colon has a marked osmotic effect, resulting in water and electrolyte 

accumulation, speeding transit and softening the stool. Such a mechanism 

manifests clinically as diarrhea or loose stool (Launiala 1968, Ladas, Papanikos et al. 

1982). Unabsorbed lactose is subject to ileac and colonic fermentation by bacterial 

microflora. The presence of unabsorbed lactose in the intestine leads to the 
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production of intermediates in the form of lactate and end-product metabolites 

such as short chain fatty acids (SCFA), hydrogen, methane and carbon dioxide (He, 

Venema et al. 2008, Levitt, Wilt et al. 2013). These products are responsible for 

increasing gut transit and pressure in the colon and might thus cause such clinical 

symptoms as abdominal pain, bloating and flatulence as well as borborygmi 

(audible bowel).  

1.2 Definition and types of hypolactasia 

 Definition of hypolactasia and related conditions 1.2.1

It is of prime importance to define terms concerning lactose intolerance correctly. 

The terminology can be presented as follows. Hypolactasia or Lactase deficiency implies 

very low lactase activity in the jejunal mucosa (Asp, Dahlqvist et al. 1973, Sahi 

1994). Researchers (Sahi 1994, Harrington, Mayberry 2008) emphasize the 

necessity to distinguish between lactose malabsorption and lactose intolerance. Lactose 

malabsorption describes a poor capacity to hydrolyze lactose, this being confirmed by 

lactose tolerance tests. Lactose intolerance implies the appearance of symptoms after 

lactose indigestion.  

It would appear that all subjects with lactose malabsorption have symptoms and 

hence lactose intolerance. However, some subjects with poor hydrolyzing lactose 

capacity are asymptomatic. Milk intolerance involves the appearance of symptoms 

after milk consumption, this, however, not always as a result of lactose 

malabsorption but possibly caused by colonic flora or IBS. 

 Types of hypolactasia 1.2.2

1.2.2.1 Congenital lactase deficiency 

Congenital lactase deficiency (CLD) is the most severe, albeit rare form of 

hypolactasia in newborns. Its prevalence worldwide is low, the highest rate being 

recorded in the population of Finland (Jussila 1969, Behrendt, Keiser et al. 2009). 
CLD is an autosomal recessive disorder associated with a complete absence of 

lactase expression in the intestinal wall (Savilahti, Launiala et al. 1983). Congenital 
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lactase deficiency manifests with watery diarrhea after the first lactose from breast 

milk reaches the neonate’s intestine. If the condition is undiagnosed and thus 

untreated, diarrhea leads to severe dehydration and weight loss. A lactose-free diet 

relieves symptoms and the newborn resumes normal development (Torniainen, 

Freddara et al. 2009).  

1.2.2.2 Adult-type hypolactasia 

In contrast to the rare congenital lactase deficiency, adult-type hypolactasia is the 

most common enzyme deficiency worldwide (Sahi 1994). Adult-type hypolactasia 

(lactase non-persistence, LNP) is inherited in an autosomal recessive manner and 

causes a primary decline in enzyme activity (Sahi, Isokoski et al. 1973, Sahi 1974, 

Isokoski, Sahi et al. 1981). A strong positive selection for lactase persistence has 

been suggested (Simoons 1970, Bersaglieri, Sabeti et al. 2004, Ingram, Mulcare et al. 

2009). Subjects with lactase persistence are mutant gene carriers. However, from 

either an evolutionary or a clinical point of view lactase non-persistence is a normal 

condition (Jarvela 2005). For the carriers of the lactase non-persistent genotype the 

decline of lactase activity at a certain age is a normal physiological phenomenon. 

The majority of northern Europeans are lactase-persistent and preserve the ability 

to maintain lactase activity and digest lactose throughout life (Holden, Mace 1997, 

Hollox 2005, Enattah, Trudeau et al. 2007). Among other populations the 

prevalence of adult-type hypolactasia varies significantly (Simoons, Johnson et al. 

1977). 

In contrast to the lactase-persistent phenotype the carriers of lactase non-

persistence lose the ability to digest lactose in the process of growing, this 

ultimately resulting in adult-type hypolactasia. In as far as humans belong to the 

mammals, lactase activity was formerly assumed to be reduced soon after weaning 

(Simoons 1978, Rossi, Maiuri et al. 1997, Jarvela 2005, Gerbault, Liebert et al. 

2011). However, it remains obscure whether lactase activity in fact declines after 

weaning or later, or as has been assumed during weaning. In many humans lactase 

remains active in adulthood. According to several studies lactase non-persistent 

subjects evince a decline in lactase activity at ages from 2 to 20 years (Simoons 

1980, Tammur 1991, Wang, Harvey et al. 1998, Swallow 2003, Heyman 2006, Sahi 

1994), but it can also manifest on rare occasions after the age of 20 years (Seppo, 

Tuure et al. 2008). It has been shown that age at the onset of gene down-regulation 

varies in different populations (Lebenthal, Antonowicz et al. 1975). It is presumed 

to be later among Whites compared to Blacks and Asians (Sahi 1994, Wang, 
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Harvey et al. 1998, Heyman 2006). There are no data as to the age of gene down-

regulation among the Russian population or any other ethnicities living in the 

territories of Russia.   

1.2.2.3 Secondary causes of hypolactasia 

Secondary hypolactasia is always linked to injury to the intestinal mucosa and 

depends on the severity of the injury (Lebenthal, Lee 1980, Heitlinger, Rossi et al. 

1991, Nieminen, Kahri et al. 2001, Prasad, Thapa et al. 2008, Siddiqui, Osayande 

2011). Since lactase is located more distally on the villus, this enzyme is damaged 

more severely. While the activity of lactase in secondary hypolactasia is not always 

reduced to such a low level as in primary variants of the deficiency (Villako, 

Maaroos 1994), it takes longer to recover than the morphological structure of the 

villi (Troelsen 2005).  

The conditions and diseases resulting in secondary hypolactasia have been 

charted. In the literature all causes have been divided into three groups (Maaroos 

1991, Swagerty, D.Walling et al. 2002, Ojetti, Nucera et al. 2005):  

1. Small-bowel diseases: HIV enteropathy, regional enteritis, celiac disease, 
Whipple’s disease, severe gastroenteritis 

2. Multi-system diseases: carcinoid syndrome, cystic fibrosis, diabetic 
gastropathy, kwashiorkor, Zollinger-Ellison syndrome 

3. Iatrogenic causes: chemotherapy, antibiotics such as neomycin, colchicines 
induction, radiation enteritis, resection of small intestine 

Other factors leading to secondary hypolactasia are alcohol (Perlow, Baraona et al. 

1977), the presence of parasites such as Giardia lamblia (Singh, Bhasin et al. 2000) 

and Ascaris lumbricoides (Carrera, Nesheim et al. 1984). The decrease in the 

activity of lactase is particularly marked in the case of a combination of 

malnutrition and protein deficiency (Villako, Maaroos 1994).  

1.3 Genetics of adult-type hypolactasia 

It has now been proved that the activity of lactase in the small intestine is 

genetically determined. Numerous studies have verified this finding. The first 

relevant family study was made in Finland in the early 70s. Sahi and associates, 
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(Sahi, Isokoski et al. 1973, Sahi 1974, Sahi, Launiala 1977) based on an 

investigation of 326 family members, showed that the decline in small-intestinal 

lactase activity is controlled by an autosomal recessive trait. As children of ages 

younger than the manifestation age of hypolactasia in the Finnish population had 

not developed hypolactasia by the time of investigation they were examined later 

and had developed hypolactasia as expected (Sahi, Launiala 1977). This finding 

strongly contributed to the genetic theory of adult-type hypolactasia. 

The lactase-persistent trait predominates over the non-persistent trait (Jarvela 

2005). In some populations lactase-phlorizin hydrolase activity persists through life, 

whereas in others the decline in lactase activity develops at a certain age.  

The lactase gene (LCT) has been assigned to chromosome 2g21-22 (Harvey, 

Fox et al. 1993, Kruse, Bolund et al. 1988) and its structure has been characterized 

(Boll, Wagner et al. 1991). About 200 members of Finnish families previously 

examined for lactase non-persistence by LTTE were genotyped in order to 

determine the DNA variant associated with lactase non-persistence (Enattah, Sahi 

et al. 2002). Other ethnic groups such as Italian, German, South Korean as well as 

groups from Utah and France were also sampled for the analysis. Based on linkage 

disequilibrium and haplotype analysis the region associated with lactase persistence 

has been restricted to a 47kb region outside the LCT gene. Two single nucleotide 

polymorphisms were identified, cytosine (C) to thymidine (T), residing 13,910 base 

pairs, and G to A change, residing 22,018 base pairs upstream of the LCT gene 

(Jarvela 2005). In the study in question all family members with non-persistence 

were homozygous and had the C/C-13910 genotype, while those with C/T-13910 and 

T/T-13910 genotypes were lactose-persistent. The strong association between the 

lactase/sucrase ratio detected in biopsy samples from the small intestine and 

genotype was shown for all cases (Enattah, Sahi et al. 2002).  

As the prevalence of the C/C-13910 genotype among not only Finnish but also 

participants from other ethnicities was consistent with previous epidemiological 

data, genotype analysis has been used as a relevant diagnostic test for adult-type 

hypolactasia. The discovery of the LCT gene has also contributed to the cultural 

historical hypothesis of hypolactasia. As distantly related populations have been 

recognized as carriers of the same DNA variants it is conceivable that the 

persistent trait emerged long before these populations became isolated from each 

other.   

Thus a single nucleotide variant, C/T-13910, located 14 kb upstream of the lactase 

gene (LCT), represents the most likely variant associated with lactase non-

persistence for Northern European populations. The association has been 
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confirmed in other population samples (Rasinperä, Savilahti et al. 2004). C/T-13910 

has been shown to be located at the OCT-1 binding site and acts as an enhancer 

(Lewinsky, Jensen et al. 2005). The G/A-22018 variant was found to be closely 

associated with lactase persistence in the Finnish population, with several 

exceptions for non-Finnish samples (Enattah, Sahi et al. 2002).   

Finally, it has been demonstrated that strong positive selection has occurred in 

an extensive region that includes the LCT gene (Bersaglieri, Sabeti et al. 2004). 

However, it has been shown that the lactase persistent T-13910 allele is absent in 

African populations and another allele might be responsible for lactase persistence 

in Africa.  

Mulcare and associates (Mulcare, Weale et al. 2004) were the first to 

demonstrate that the C-13.9kbT polymorphism is not a predictor of lactase 

persistence in sub-Saharan Africans. Since then several other specific variants near 

the C/T-13910 have been identified (Imtiaz, Savilahti et al. 2007, Ingram, Elamin et al. 

2007, Tishkoff, Reed et al. 2007, Jensen, Liebert et al. 2011). Mulcare’s group 

investigated Tanzanians, Kenyans and Sudanese and identified three SNPs, G/C-

14010, T/G-13915 and С/G-13907 which are associated with lactase persistence. They 

also established strong evidence of a positive mutation which allows humans to 

consume milk in adulthood. Imtiaz and colleagues (Imtiaz, Savilahti et al. 2007) 

showed that T/G-13915 is the founder mutation of lactase persistence in an urban 

Saudi population and suggested that the lactase non-persistent trait was more likely 

brought from Africa to the Arabian Peninsula. A study by Ingram and group 

(Ingram, Elamin et al. 2007) demonstrated that the -13910 T allele has a very low 

frequency in many African milk-drinking pastoralist groups, where the lactase 

persistence phenotype has been reported in high frequency. These data thus 

suggest that in different populations different allele variants are probably associated 

with lactase persistence. The convergent evolution of LP in diverse populations 

most probably reflects different histories of adaptation to milk culture (Enattah, 

Jensen et al. 2008). Africans and Europeans show similar patterns of lactase 

persistence, the patterns being however due to different genetic variants in each 

group (Wooding 2007). 

The novel mutation has also been revealed in two European samples (Tag, 

Schifflers et al. 2007, Tag, Oberkanins et al. 2008). Firstly, in a 37-year-old male 

patient who had symptoms of adult-type hypolactasia. The ethnic origin of this 

patient was not clear from the report. He was heterozygous for the C/T-13910 

variant (Tag, Schifflers et al. 2007). Another forty-year old Austrian male had also 

been determined to be a carrier of this novel G/A-13914 variant (Tag, Oberkanins et 
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al. 2008). In both cases no other tests to determine lactase persistence/non-

persistence were carried out, and the significance of this genotype thus remains 

unclear. Further studies would contribute to a fuller understanding of the place of 

G/A-13914 in the lactase persistence/non-persistence issue in the European 

population.   

To summarize, the T-13910 allele is 86-100% associated with lactase persistence in 

the European population (Enattah, Sahi et al. 2002, Poulter, Hollox et al. 2003, 

Hogenauer, Hammer et al. 2005, Ridefelt, Hakansson 2005), while among African 

populations other genotypes are responsible for the hereditary persistence of 

lactase. Some rare genotypes are assumed to be associated with lactase persistence 

among European samples. However, the role of these alleles remains unknown and 

further investigations are needed to highlight their implications.  

1.4 Epidemiology and prevalence of hypolactasia (historical 
aspects) 

It has long been known that milk can cause gastrointestinal symptoms. 

Hippocrates first reported gastrointestinal upset in individuals who consumed milk 

(Wilson 2005). Galen mentioned, almost 2000 years ago, that milk was a laxative 

and therefore led to gastrointestinal disorders (Green 1951). Milk sugar, i.e. lactose, 

was found in 1860 to cause diarrhea in dogs, and subsequently, in 1903, it was 

demonstrated that unhydrolyzed lactose molecule produced a strong osmotic effect 

(Sahi 1994).  

There were two major theories as to the etiology of adult-type hypolactasia. The 

adaptive theory claimed that lactase activity can be increased by lactose feeding 

(Bolin, Davis 1970, Murthy, Haworth 1970), while other studies contradicted this 

conception (Flatz, Rotthauwe 1971) and supported the opinion that the activity of 

small-intestinal lactase is genetically determined (Bayless, Rosensweig 1966, 

Simoons 1970, McCracken 1971). The prevalence of the LNP genotype varies 

considerably throughout the world. The cultural historical hypothesis offers the 

most appropriate explanation for such differences.   
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 Cultural historical hypothesis of hypolactasia 1.4.1

The cultural historical hypothesis was the first attempt to explain differences in the 

prevalence of hypolactasia. It was suggested by Simoons (Simoons 1970, Simoons 

1969) and elaborated by McCracken (McCracken 1970, McCracken 1971), who 

believed that the occurrence of this disorder was associated with dairy farming. The 

assumption was that thousands of years ago humans developed a decline in lactase 

activity, as did all mammals. However, with the adoption of milk for everyday 

nutrition those able to tolerate it without suffering from diarrhea had more chance 

of surviving. Probably such individuals had more children than those with 

hypolactasia (McCracken 1971). The mutation appearing at this point conferred the 

ability to retain lactase activity throughout life. It was considered that the advantage 

was even more obvious in populations where milk was of particular value in the 

absence of other food sources (Harrison 1975). It was shown that the duration of 

the dairy farming tradition also contributes to differences in the prevalence of 

hypolactasia among different ethnicities (Simoons 1970, McCracken 1971).  

An amplification of the cultural historical hypothesis was proposed by Flatz and 

Rotthauwe (Flatz, Rotthauwe 1973). They assumed that the high prevalence of 

lactose tolerance in European populations was due to the ability of lactose to 

enhance calcium absorption in an environment with low insolation and a low 

dietary supply of vitamin D. Those who developed the ability to tolerate lactose 

had a specific selective advantage over lactose-intolerant individuals. The basis of 

this hypothesis was the high prevalence of pelvic deformity, rickets and 

osteomalacia among northern European populations due to a lack of 

cholecalciferol production as well as a poor nutritional supply of vitamin D. Hence 

those with the ability to digest lactose absorbed calcium better, had less rickets, less 

pelvic deformity and more children. However, the assumption of a selection 

pressure based on lack of vitamin D remains controversial and was excluded in a 

recent study based on simulation approaches (Itan, Powell et al. 2009). The 

hypothesis of Cook and al-Torki (Cook, al-Torki 1975) proposed that in a highly 

arid environment lactose-tolerant individuals have had an increased survival rate 

due to the active absorption of monosaccharides and water from milk. This 

advantage helped them to survive cholera epidemics and other severe 

gastrointestinal diseases common in the tropics.   

The cultural historical hypothesis is considered to derive most support from the 

bulk of research to date (Bell, Draper et al. 1973, Zhvavyi, Kozlov et al. 1991, Sahi 

1994, Lember, Tamm et al. 1995, Holden, Mace 1997, Burger, Kirchner et al. 2007).  
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 Prevalence of adult-type hypolactasia 1.4.2

The prevalence of adult-type hypolactasia varies considerably between different 

populations (Sahi 1994). A map of its distribution among European populations 

has been created by Sahi (1994) and it clearly shows that the frequency of 

hypolactasia rises from the North to the South of Europe (Flatz, Rotthauwe et al. 

1979). However, before 2002 diverse tests were used in different studies for adult-

type hypolactasia diagnostics, which made it difficult to create a clear picture of the 

overall distribution. The discovery of LCT (Enattah, Sahi et al. 2002) and 

genotyping implementation (Rasinperä, Savilahti et al. 2004) allowed estimation of 

the prevalence of the lactase non-persistent genotype. Although the number of 

genotyped populations is growing, data on some populations are lacking.  

The prevalence of adult-type hypolactasia used to be considered lowest in the 

Danish population. Data were obtained from hospital patients by measurement of 

disaccharidase activity and showed a prevalence from 1.4 to 6.6% with the 

assumption of an even lower frequency for the whole population (Gudmand-

Hoyer, Dahlqvist et al. 1969, Sahi 1994). It has to be stressed that a prevalence 

study based on hospital patients can be biased, since a patient group is obviously 

selective. The finding was not supported by molecular diagnostics, and data on 

genotype frequency in Denmark are thus lacking. Observations in the Swedish 

population demonstrate a prevalence of adult-type hypolactasia (C/C-13910 

genotype) from 5.1% in adults to 14% in children. In the latter group, however, 

not all subjects were Caucasian, which may bias the results (Almon, Engfeldt et al. 

2007). Previously the frequency of lactose malabsorption among Swedish-speaking 

students in Finland has been reported to be 7.7%, which must be considered a 

more precise estimate, since the ethnicity of parents and grandparents were studied 

and confirmed (Sahi 1974). The frequency of hypolactasia among the Finnish 

population has been estimated at 17% in a number of studies (Jussila, Isokoski et al. 

1970, Sahi 1974, Rasinperä 2006). In Estonians the prevalence of adult-type 

hypolactasia has been found to be 24% in one phenotypic study (Lember, Tamm et 

al. 1991) and subsequently the same frequency was confirmed by genotyping 

(Lember, Torniainen et al. 2006). 

The prevalence of lactose malabsorption examined by LTT with BHT test 

(Czeizel, Flatz et al. 1983) and then the frequency of C/C-13910 genotype among 

Hungarians was found to be 37% in both studies (Nagy, Bogacsi-Szabo et al. 2009). 

In the German population considerable differences in the frequency of lactose 

malabsorption by region have been shown, with figures from 6-9% in North-West 
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Germany to 23% in the South-West, caused by intensive migration at the end of 

World War II (Flatz, Howell et al. 1982). Significant differences in lactose 

malabsorption frequency were also discovered in Austria, where the Eastern 

populations have had a 25% frequency and Western 15% frequency of lactose 

malabsorption. The authors explained this finding by historical data about the 

distribution of Slavs in the eastern part and a Romanized population in the western 

part of Austria (Rosenkranz, Hadorn et al. 1982). Among healthy young Polish 

students the prevalence of C/C-13910 has been reported as 31.5% (Madry, Lisowska 

et al. 2010), and that of lactase deficiency in France as 23% (Cloarec, Gouilloud et 

al. 1991). The higher prevalence of adult-type hypolactasia in South Europe in 

comparison with Northern regions has been clearly demonstrated in the Italian 

population, where the lowest prevalence ranges from 45-57% (Burgio, Flatz et al. 

1984, Sahi 1994), increasing in some regions such as Sardinia up to 90% (Schirru, 

Corona et al. 2007).   

The difference in the prevalence of lactase persistence is influenced by ethnicity, 

higher frequencies prevailing in those populations whose ancestors traditionally 

consumed milk (Holden, Mace 1997). However, in the process of migration the 

genotype prevalence can also be influenced by the gene flow. As an example, the 

introduction of the -13910 T allele to the Indian subcontinent probably occurred via 

a small number of migrants (Bersaglieri, Sabeti et al. 2004, Burger, Kirchner et al. 

2007, Ingram, Mulcare et al. 2009, Itan, Powell et al. 2009, Romero, Mallick et al. 

2012). A similar process can explain the presence of this allele in African 

populations (Mulcare, Weale et al. 2004, Coelho, Luiselli et al. 2005). The possible 

role of gene flow in reducing the hypolactasia prevalence in non-milking tribes was 

first surmised by Sahi (1989) and later confirmed by Kozlov (Kozlov, Lisitsyn 

1997).  

 Russian studies concerning hypolactasia 1.4.3

There is a lack of epidemiological data regarding the prevalence of adult-type 

hypolactasia among Russians. Sahi (1994) reported that reliable data on the 

prevalence of hypolactasia in the former Soviet Union were limited. There were no 

clear details as to study participants and selection criteria, nor on the diagnostic 

methods used.  

In order to gain an overview of data on the prevalence of lactose 

malabsorption/lactase non-persistence/lactose intolerance we collected all 
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available materials published either in Russian or in English in Appendix 1, with 

some comments and remarks in the text.  

It is surprising that the prevalence of lactose malabsorption among Russians has 

been found to be as low as 12.5-16.3% in one study (Valenkevich 1987, 

Valenkevich, Iakhontova 1989). The method used as well as the inclusion criteria 

were not clearly reported. Contrary to these results, in 1987 a prevalence of 37% 

was found in 60 Russian students in Estonia (Labotkin 1987). The study, carried 

out in Estonia, revealed the prevalence of selective lactose malabsorption among 

an isolated group of Russians (descendants of so-called “Old Believers”) to be as 

much as 57% (Lember, Tamm et al. 1991). Using LTT and urine test with galactose 

Kozlov established a frequency of 51% in Russians from the Ural (Kozlov 1996). 

However, no description of the sample used was presented. A closely similar 

prevalence of hypolactasia (40-49%) among Russians from other regions of Russia 

was subsequently reported by the same author (Kozlov 1998, Kozlov, 

Vershubskaya et al. 2007). The most recent article giving the prevalence of 

hypolactasia among Russians based on LTT results was published in 2005 

(Valenkevich, Iakhontova 2005). As there was no clear sample description it must 

be assumed that this was the same data as previously published (Valenkevich 1987).  

Recently genotyping has been used for the investigation of the prevalence of the 

LCT gene in Russians. Studies made of DNA samples taken from subjects from 

different parts of Russia, mostly central, showed the prevalence of the lactase non-

persistent genotype among Russians to range from 36 to 50% (Borinskaia, 

Rebrikov et al. 2006, Delyagin, Kagramanova et al. 2008).  

 Hypolactasia in other populations settled in the territory of Russia 1.4.4

A multiplicity of ethnic groups have been settled in the territory of Russia for years. 

The Uralic language group comprises the Finno-Ugrian and Samoyedic branches 

(Janhunen 2009). Cattle breeding is reported to have started among Nenets during 

the Soviet Era, and the first farms were organized in Nenets villages in the 1930s 

(Khabarova, Grigoryeva et al. 2012). The Slavonic groups, however, have a much 

longer history of milk drinking. The prevalence of hypolactasia among 

representatives of these groups differs from the Slavonic group, since they are of 

different origin (Fig. 3).  
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Figure 3. The tree of the Uralic language family (from Great Hungarian Plain 2012 with some 
modifications)  

Data on the prevalence of hypolactasia among the above-mentioned populations 

are available from different studies.  

Among the Khants in West Siberia, the prevalence has been found to be as high 

as 94% (Lember, Tamm et al. 1995), while according to another study it was 72% 

in Northern Khanty (Kozlov 1998) and 71% in Northern Mansi. The prevalence of 

selective lactose malabsorption was found to be 81% among the Maris (Isokoski, 

Tamm et al. 1990). 

Among the indigenous population of Siberia more than 60% have been 

determined to be milk-intolerant (Zhvavyi, Kozlov et al. 1991). Kozlov has 

examined the indigenous populations of the polar and related territories of the 

Russian Federation and established a frequency of hypolactasia of 48% in the 

Kildin Saami population, 63% in Komi-Izhem, and 88% in West-Siberian Nenets 

(Kozlov 1998, Kozlov, Vershubskaya et al. 2007). 
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In small samples from three Finno-Ugric populations: Mordvinians, Karelians 

and Vepses, the prevalence of hypolactasia has been found to be 11, 11.5 and 11 % 

respectively (Valenkevich, Iakhontova 1989).  

Generally hypolactasia frequencies in indigenous groups in the Arctic and Sub-

Arctic territories of Russia are higher than in the "reference" samples of Slavs 

(Russians, 40-49%) and Permian Finns (Komi-Permiak and Udmurtian, 50-59%) 

(Kozlov 1998).  

The collected data on the prevalence of lactose malabsorption among the Uralic 

language group are presented in Appendix 2.  

1.5 Diagnostics of hypolactasia and lactose intolerance 

Hypolactasia can lead to gastrointestinal disorders which remain unspecific. 

Patients do not always link the appearance of symptoms to milk consumption. 

Moreover, in some cases symptoms may set in after the indigestion of so-called 

“hidden” lactose (Eadala, Waud et al. 2009). Simple diagnostic tests have to be 

used in populations where hypolactasia is considered to be common, i.e. where the 

prevalence ranges from 15 to 85% (Arola, Tamm 1994). 

Nowadays genotyping is the most widely used and appropriate method for the 

diagnostics of lactase non-persistence (adult-type hypolactasia). The test was 

proposed by Rasinperä and colleagues (Rasinperä, Savilahti et al. 2004) soon after 

the LCT gene was discovered (Enattah, Sahi et al. 2002). However, this modern 

and highly sensitive test cannot be used for the diagnostics of lactose intolerance, 

and other well-developed tests have thus been adopted.  

 Measurement of disaccharidase activities in small intestine 1.5.1

Hypolactasia can be diagnosed by enzymatic measurement of lactase activity in 

small-intestinal biopsy samples (Dahlqvist, Hammond et al. 1968). The method is 

direct and has been considered the reference method or “gold” standard for any 

indirect methods (Arola, Tamm 1994, Newcomer, McGill et al. 1975, Heitlinger, 

Rossi et al. 1991, Dahlqvist, Hammond et al. 1968). The disaccharidase assay gives 

a direct answer to the question whether a patient is normo- or hypolactic. This is 

the prominent advantage of this method, while the disadvantage is obviously the 

invasiveness of the procedure, which renders it unsuitable for primary screening. It 
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has also been pointed out that the biopsy is unreliable for assessment of lactase 

activity due to the irregular dissemination of lactase throughout the small-intestinal 

mucosa (Maiuri, Raia et al. 1991, Hovde, Farup 2009). Disaccharidase values can be 

affected by such factors as the age and ethnicity of subjects and the intestinal 

mucosal condition. In cases of mucosal damage the activity of all disaccharidases 

diminishes, resulting in secondary hypolactasia (Langman, Rowland 1990).   

Multiple samples have to be taken from the duodenum, as the level of lactase 

depends on the biopsy site and there is a gradient of disaccharidase activity in the 

proximal duodenum. At the inferior duodenal flexure the level of lactase is about 

40% less than in the Treitz ligament (Bergoz, Griessen et al. 1981). It has been 

recommended to use the lactase to sucrase ratio in addition to determination of 

lactase activity, since this criterion applies almost equally in any part of the small 

bowel (Newcomer, McGill et al. 1975). The lactase/sucrase cut-off point for 

hypolactasia is less than 0.3, while that for lactase activity is 10 IU/g protein 

(Dahlqvist 1984). Recently the Quick Lactase Test has been developed for 

endoscopic diagnosis of adult-type hypolactasia (Kuokkanen, Myllyniemi et al. 

2006, Ojetti, La Mura et al. 2008).  

 Breath hydrogen tests 1.5.2

The breath hydrogen test with lactose (BTT) represents an indirect test for the 

diagnosis of lactose malabsorption. Nowadays this test is considered the most 

reliable, non-invasive and inexpensive technique and accurately reflects the 

LP/LNP genotype (Marton, Xue et al. 2012). False-positive results may ensue in 

cases of small bacterial overgrowth (Nucera, Gabrielli et al. 2005). Physical activity 

prior to the test (Payne, Welsh et al. 1983), use of acetylsalicylic acid (Flatz, Lie 

1982) or antibiotics (Gilat, Ben Hur et al. 1978) and smoking (Tadesse, Eastwood 

1977) before the test increase the rise in hydrogen concentration.  

The sensitivity of the test has been found to range from 69 to100%, specificity 

89–100% (Newcomer, McGill et al. 1975, Buning, Genschel et al. 2005, Szilagyi, 

Malolepszy et al. 2007). A dosage of 25g of lactose, corresponding to the amount 

found in 500 ml of milk, has been utilized in recent testing. Recent breath testing 

consensus proposed a test duration of 4 h, a sample interval of 30 min and a cut-

off value of 20 ppm above the baseline (Gasbarrini, Corazza et al. 2009); however, 

different research groups still use different variables for the breath hydrogen test 



 

 35 

(Oberacher, Pohl et al. 2011). There is so far no final agreement as to the lactose 

dosage and cut-off level, sample interval and duration of testing. 

 Blood and urine tests 1.5.3

The lactose tolerance test (LTT) is based on measurement of the increase in blood 

glucose after an oral lactose load. A standard dose of 50g lactose diluted in water is 

given to patients prior to the test and capillary blood samples are taken every 15, 20 

or 30 min up to 2h. The number of samples depends on the interval between 

samples and can vary from two to six. A rise in blood glucose of less than 1.1 

mmol/L is regarded as hypolactasia, while a rise of more than 1.7 mmol /L is 

indicative of normolactasia. A cut-off at 1.5 mmol/L is used (Arola, Tamm 1994). 

The specificity of LTT is 77-96% and sensitivity 76-94% as estimated by using an 

assay of disaccharidases as reference method (Arola, Tamm 1994). In diabetic 

persons an abnormal glucose level might alter the results (Lerch, Rieband et al. 

1991). Although the lactose tolerance test has long been used it still needs 

standardization for the dose of lactose, the volume and temperature of the water 

used and the length of the period in which gastrointestinal symptoms are recorded. 

This requirement will improve the reliability and comparability of the test results 

(Peuhkuri, Vapaatalo et al. 2000).  

The lactose tolerance test with ethanol (LTTE) uses measurement of galactose 

together with glucose (Jussila 1969). Ethanol ingestion inhibits the metabolism of 

galactose into glucose in the liver, rendering the test more sensitive. The method 

was used by Sahi in his family studies (Sahi, Isokoski et al. 1973, Sahi 1974). Later 

Isokoski and associates (1972) proposed that a reliable diagnosis can be made from 

one blood sample taken at 40 min and that only the determination of galactose is 

necessary. In the case of hypolactasia the blood galactose concentration is less than 

0.3 mmol/l at 40 min after lactose and ethanol ingestion (Isokoski, Jussila et al. 

1972). Simple LTTE is more reliable than LTT, since only one blood sample is 

needed, the test is not affected by the elevated glucose level in diabetic patients, 

and it is less vulnerable to gastric emptying rates compared to LTT. A simplified 

modification of LTTE is LTTE based on urinary galactose determination (LTTE 

U). The urinary sample is taken instead of blood at 40 min after intake of 

150mg/kg of ethanol together with 50g lactose in 400 ml water. The test has been 

shown to be reliable (Arola, Koivula et al. 1982). The same technique is used in a 
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strip test, LTTE (US), which is even more suitable for practical needs (Arola, 

Koivula et al. 1987).   

 Genotyping 1.5.4

The identification of SNPs associated with adult-type hypolactasia has made it 

possible to test whether a patient has the LP or LNP genotype (Enattah, Sahi et al. 

2002). A test specificity of 100% and sensitivity of 93% were shown for children 

over 12 years (Rasinperä, Savilahti et al. 2004). The majority of relevant studies 

designed to compare the genetic test with other direct and indirect methods of 

hypolactasia diagnostics have shown high concordance between tests (Ridefelt, 

Hakansson 2005, Szilagyi, Malolepszy et al. 2007, Kerber, Oberkanins et al. 2007, 

Krawczyk, Wolska et al. 2008, Di Stefano, Terulla et al. 2009, Marton, Xue et al. 

2012).  

A significant correlation between lactase enzyme activity and the C/C-13910 

genotype implies that genotyping of the C/T-13910 variant can be used as a primary 

screening test for adult-type hypolactasia in clinical practice in a European 

population (Jarvela 2005). The genetic test is less inconvenient and time-consuming 

for patients compared with other tests in hypolactasia diagnostics. It is cost-

effective for the health care system in Europe, though it remains expensive for the 

Russian system. The high specificity and sensitivity and also the need to perform 

this test only once in a lifetime gives an advantage for genotyping in the process of 

differential diagnosis of unspecific gastrointestinal symptoms.  

1.6 Impact of hypolactasia on individual health 

 Symptoms of hypolactasia 1.6.1

Unspecific abdominal complaints are one of the common reasons for seeking 

medical care both for children and for adults. Such symptoms as diarrhea, 

flatulence, borborygmi, abdominal pain and distension are very often taken to 

reflect irritable bowel syndrome without differential diagnosis against lactose 

intolerance (Shaw, Davies 1999, Farup, Monsbakken et al. 2004). On the other 

hand it has been shown that the most common GI symptoms characterizing 
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intolerance to lactose are flatulence, bloating, diarrhea, gurgling, abdominal 

distension and abdominal cramping (Suarez, Savaiano et al. 1995, Casellas, Varela 

et al. 2009, Savaiano, Boushey et al. 2006, Sahi 1974, Pohl, Savarino et al. 2010, 

Haberkorn, Ermens et al. 2011, Jellema, Schellevis et al. 2010). Especially for 

regions where hypolactasia is common among the population the clinical diagnosis 

of lactose intolerance is challenging for medical practitioners (Villako, Maaroos 

1994, Gudmand-Hoyer 1994). 

The development of symptoms depends on the amount of milk consumed as 

well as individual sensitivity (Hertzler, Huynh et al. 1996, Suarez, Savaiano et al. 

1997). The presence of lactose in the large intestine does not always result in 

gastrointestinal symptoms. Lactose intolerance itself is diagnosed in case when 

lactose malabsorption is associated with the most common abdominal symptoms, 

which are lactose-induced. However, clinical intolerance to lactose may not be 

synonymous with low lactase activity (Lember 2002). It has been shown that 

people who identify themselves as lactose-intolerant may mistakenly attribute their 

unspecific symptoms to this disorder (Suarez, Savaiano et al. 1995), whereas such 

symptoms may often be unrelated to lactose malabsorption (Casellas, Aparici et al. 

2010). Intolerance to lactose is not usually life-threatening in that symptoms can be 

eliminated by removal of lactose from the diet (Swallow 2003). However, the 

avoidance of or significant reduction in the amount of milk consumed leads to 

insufficient calcium intake and may provoke unfavorable health effects (Bannan, 

Levitt 1996, Carroccio, Montalto et al. 1998, Nicklas, Qu et al. 2011) such as poor 

bone health and osteoporosis, a higher incidence of colon cancer, and a higher risk 

of developing diabetes.  

The onset of symptoms is clearly explained by the mechanism of lactose 

utilization. In cases of lack of enzymatic (lactase-phlorizin hydrolase) activity 

lactose passes to the large intestine. The resultant osmotic effect causes diarrhea, 

(Launiala 1968), while increased levels of fermentation in the intestine result in the 

increasing production of gases and therefore flatulence, gurgling and abdominal 

distension (Dahlqvist, Hammond et al. 1968, Arola, Tamm 1994, Swallow, Poulter 

et al. 2001).  

 Tolerance to different amounts of lactose 1.6.2

Lactose is a milk sugar contained in different amounts in all milk products. The 

concentration of lactose in milk is inversely related to the concentration of lipids 
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and the concentration of casein. Usually it is mistakenly believed that less fatty milk 

contains less lactose. However, in fact non-fat milk contains more lactose. Subjects 

who are lactose-intolerant have to be aware of the lactose content in different types 

of food to avoid an overload of lactose consumed. As an example, 1 cup (245g) of 

whole milk contains 11g of lactose, while the same portion of non-fat milk can 

contain 12–14g of lactose. It is also worthy of note that dry milk has the highest 

amount of lactose – 37.5g of lactose per 100g of milk powder (Shils, Shike c2006). 

The development of symptoms depends on the amount of milk consumed as 

well as individual sensitivity. It has been shown that subjects with hypolactasia can 

tolerate moderate quantities of milk, up to 12g of lactose/250 ml of milk (Hertzler, 

Huynh et al. 1996, Suarez, Savaiano et al. 1997). Moreover, if the daily dose of 

lactose is consumed in small portions and also with a meal, the probability of 

symptoms occurring is lower (Suarez, Savaiano et al. 1997).  

Some studies have identified a few persons who may be sensitive to very small 

doses of lactose, even 3–5g (Bedine, Bayless 1973, Gudmand-Hoyer, Simony 1977, 

Gudmand-Hoyer, Simony 1977). One recent work has speculated that many drugs 

used in the treatment of common gastrointestinal conditions such as dyspepsia, 

symptoms of irritable bowel diseases and inflammatory bowel diseases contain 

lactose as an excipient (Eadala, Waud et al. 2009). As the study in question shows 

no link between the use of such drugs and the appearance of lactose intolerance 

symptoms, this supposition would seem unjustified. Other findings show that even 

very small amounts of lactose, including lactose from “hidden” sources, can cause 

severe symptoms and so-called “systemic lactose intolerance” with many 

abdominal and non-abdominal symptoms. In most of these cases the diagnosis 

remains open because lactose intolerance has not been suspected (Matthews, Waud 

et al. 2005). This finding remains somewhat controversial in that there is no 

physiological basis for such a systemic effect from lactose.  

It is important to mention here that in the case of small doses of lactose 

consumed by lactose-intolerant persons, GI symptoms could appear for reasons 

other than lactose (Vesa, Korpela et al. 1996).  
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1.7 Basis for aims of study 

With the exception of two recent studies of C/T-13910 genotype frequency, made 

among a group of Russians settled in different (mostly central) parts of Russia, 

there are no data related to the lactase-persistent genotype in Russians, especially in 

Northern Russians. Moreover, no genetic studies of LCT have previously been 

made in the Nenets population. 

A number of unspecific gastrointestinal problems have presented a challenge to 

everyday medical practice. In Russia the lack of knowledge of adult-type 

hypolactasia among medical practitioners makes the diagnosis even more difficult. 

Another issue is that some patients associate their unspecific abdominal symptoms 

with milk consumption, making a self-diagnosis of lactose intolerance and 

excluding milk products from their diet.  

Since the genotyping method is nowadays well developed, every discovery of a 

novel genotype becomes less unique. However, determination of the significance 

of every new genotype might be more challenging. The novel G/A-13914 was 

previously found and reported in two persons in Europe, but its possible 

significance was neither suggested nor investigated.  

The gene flow between neighboring populations influences the frequency of 

LP/LNP genotype and alters the prevalence of adult-type hypolactasia. There are 

no relevant data in the literature regarding the gene flow between the Nenets and 

the Russian populations.   
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2 Aims of the study 

The aims of this study were: 

1) to investigate the prevalence of adult-type hypolactasia (lactase non-
persistence, C/C-13910 genotype) among Northern Russians and nomadic 
Nenets  

2) to establish the frequency of various gastrointestinal symptoms and 
consumption of dairy products in the young Northern population with 
adult-type hypolactasia 

3) to study the family history of carriers of the novel G/A-13914 genotype variant 
for lactase persistence/non-persistence found in gastroenterological 
practice* 

4) to demonstrate the influence of gene flow from neighboring ethnic groups 
on the prevalence of lactase non-persistence  

*The original study plan was completed because of finding of a novel G/A-13914 

genotype variant in author’s gastroenterological practice. 
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3 Subjects and methods 

3.1 Study subjects 

Several study groups were used in the investigations seeking to answer the study 

questions. The various groups together with their age, sex distribution and type of 

samples taken are presented in Table 1.  

Table 1. Study groups (I, II, III, IV) 

Groups Article 
Number of 

participants 
Mean 

age/years 
Female 

% 
Geno-
typing 

Question-
naire 

Students in total: II 518 19.8 (17–26) 78.2 + + 
     group 1 I 241 20.5 (17–26)  + + 
     group 2 II 277 19.3 (17–26)  + + 
Family study III 9 42.4 (6–86) 70.0 + + 
Nenets IV 181 43.5 (19–80) 91.0 + + 

 Students from North West Russia 3.1.1

The students, aged 17 to 26 years, were randomly selected for the investigation 

from different departments of the Northern State Medical University (NSMU), 

Arkhangelsk, Russia during the period from 2006 to 2008. Blood samples (n=241) 

or buccal samples (n=277) were taken to genotype for lactase activity, defining the 

C/T-13910 variant in 518 subjects in total. All subjects filled in a questionnaire 

covering personal data, self-reported health status, milk consumption habits, 

ethnicity and place of birth as well as their parents’ and grandparents’ ethnicity and 

place of birth. All students selected for the investigation were healthy at time of 

study, i.e. they had no acute diseases. 
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 Students with Russian background (I)  3.1.2

 

Among the first group of students (241 subjects) 231 reported their origin as 

Russian. However, according to the given origins of the grandparents (at least three 

out of four grandparents) only 149 were considered ethnically Russian. Of the 

remainder, 61 gave no data on grandparents and were categorized under “missing 

information” as to ethnicity. Twenty-one of those who reported their origin as 

Russian had at least 2 grandparents of another origin, mostly Ukrainian, but also 

Byelorussians, Komi, Mordvinian and other.  

 Students from the Arkhangelsk region (II) 3.1.3

For the estimation of milk consumption and GI symptoms among LNP genotype 

carriers the whole randomized group of students was taken (n=518, comprising 

first intake of 241 students and the second intake of 277 students). The majority of 

participants were born in the Archangelsk region, the rest in different regions of 

north-west Russia. The same analysis of ethnicity was applied for these 277 

students. However, in the final analysis of milk consumption and GI symptoms 

among LP/LNP carriers ethnicity was not taken as a variable.  

The mean age for the whole group was 19.8±1.7. Altogether 78.2% of all 

participants were female.  

 Family analysis of the G/A-13914 variant (III) 3.1.4

Blood samples for the assessment of the LP/LNP genotype were collected from 

148 patients aged from 23 to 60 years referred for medical consultation with a 

gastroenterologist (the author) from the Northern State Medical University 

(NSMU), Arkhangelsk, due to various abdominal complaints. There were patients 

either with self-estimated lactase intolerance or without any complaints of 

intolerance to milk products. All patients completed the same above-mentioned 

questionnaire and blood samples for genotyping were taken from all of them. 

Among this patient group one subject was found to have a novel genotype in G 

to A position. Study was then made of all available members of this person’s family. 

Genotyping of eight family members was done to determine the inheritance of the 
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new variant of LP/LNP genotype, G/A-13914 (Appendix 3). All were relatives of 

this female 58-year-old patient, who was referred to the gastroenterologist because 

of stomach pain. All adult family members filled in the questionnaire and gave 

informed consent. It was not permitted to take blood for genotyping from the 

children of this family. The patient was referred for endoscopic investigation of the 

stomach because of ulcer anamnesis and abdominal complaints. After informed 

consent, two biopsy specimens were taken from the distal duodenum for the 

measurement of disaccharidase activities. These samples were immediately 

wrapped in parafilm, placed in air-tight tubes and frozen to – 60˚C. The tubes were 

then transferred in dry ice to the scientific laboratory of the Hospital for Children 

and Adolescents, University of Helsinki. 

 Lactase non-persistence among Nomadic Nenets (IV) 3.1.5

The material for this study was collected in four settlements of the Nenets 

Autonomous Okrug (NAO), Archangelsk Region, where the indigenous Nenets 

live (map in IV). The study included a total of 181 native Nenets. 

Every third member of the whole Nenets population of this region was invited 

to answer a questionnaire and to undergo buccal sampling for genotyping by a 

doctor from a rotational team. If a selected person was out of the settlement when 

the study was conducted, the next on the list was invited to participate in the study. 

Men were absent more often than women.  

We used the same questionnaire for other study groups and took buccal 

samples from all contactable adult participants. All 181 persons involved 

considered themselves as Nenets. However, according to grandparents’ ethnicity 

only 91 (50.3%) were accepted as native Nenets, having all four grandparents of 

Nenets origin. Those with one, two or three Nenets grandparents (90 in total) were 

also taken for comparison. 

In the process of genotyping, four buccal samples remained undetermined. 

Therefore, 89 subjects of clear Nenets origin aged 19-80 (mean 45.8), of whom 

91.0% were female and 9.0% male, were selected for the LNP genotype frequency 

analysis. 

All study participants gave their informed consent to participate in the study. 
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3.2 Methods 

 Genotyping method (I, II, III, IV) 3.2.1

DNA was amplified by polymerase chain reaction (PCR). We used Taq polymerase 

(Dynazyme, Finnzymes, Espoo, Finland) with the conditions described elsewhere. 

The forward primer used was 5’-CCTCGTTAATACCCACTGACCTA -3’ and the 

reverse primer 5’- GTCACTTTGATATGATGAGAGCA-3’, which cover 

approximately 400 bp region on both sides of the C/T-13910 variant. The PCR 

product was verified by 1.5 % agarose gel electrophoresis (with ethidium bromide). 

The products were purified using Shrimp Alkaline Phosphatase (USB) and 

Exonuclease I (New England Biolabs) at 37˚C for 60 min and at 80˚C for 15 min. 

In sequencing the BigDye 3.1 terminator (Applied Biosystems) was used 

according to the manufacturer’s instructions. Sequencing conditions were as 

follows: at 96˚C for 1min, then 25 cycles at 96˚C for 10 s, at 55˚C for 5 s and at 

60˚C for 4 min. The sequencing reaction followed purification on Millipore 

Multiscreen plates (Millipore, USA) with Sephadex G-50 Superfine sepharose 

(Amersham Biosciences, Sweden), electrophoresis by ABI 3730 DNA Analyzer 

(Applied Biosystems) and base calling by Sequencing Analysis 5.2 software 

(Applied Biosystems). The sequence obtained was analyzed using Sequencher 4.6. 

software (Gene Codes, USA). 

The polymorphism of lactase persistence/non-persistence SNP rs4988235 from 

buccal samples was determined by TaqMan Human Custom Genotyping Assay 

from Applied Biosystems. The assay was performed according to the instructions 

provided with the assay with an ABI Prism 7900 HT sequence detection system 

(Applied Biosystems, California, USA).  

For genotyping, either blood or buccal samples were taken. The blood samples 

were delivered and genotyped at the Department of Medical Genetics, University 

of Helsinki. The buccal samples were genotyped in the Forensic Laboratory in the 

University of Tampere.  

 Assay of intestinal disaccharidases for family study (III) 3.2.2

Upon informed consent, two biopsy specimens were taken from the distal 

duodenum of the index person for the measurement of disaccharidase activities. 
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These samples were immediately wrapped in parafilm, placed in air-tight tubes and 

frozen to – 60˚C. The tubes were then transferred in dry ice to the scientific 

laboratory of the Hospital for Children and Adolescents, University of Helsinki. 

Measurement of dissaccharidase activities was made by the method of Dahlqvist 

(1984), originally described by Launiala K and associates (Launiala 1968, Launiala, 

Perheentupa et al. 1964). A commercial preparation of disaccharidases (Sigma G-

5003. I-4504 and G5160) was used as positive control. The test was modified for 

smaller volumes compared to the original report and is nowadays made on 

microtiter plates. 

 Questionnaire (I, II, III, IV)  3.2.3

The questionnaire used in this series was granted by (Sahi 1974) and previously 

validated in a Finnish study. It was translated from Finnish into Russian (Appendix 

4) and no changes were made either in the order or the content of the questions. 

The only item added to the end of questionnaire was the table collecting 

information on ethnicity and place of birth of the respondents, their parents and 

grandparents. Among the student group there were no unreturned questionnaire 

forms, since all questionnaires were filled in the presence of the researcher. Only 

those who were absent on the day of study or refused to participate were not 

included. An example of the data collection process was shown in Article I. 

Among the patients the response rate was 100%, since each subject participated of 

his or her own volition. The response rate among the Nenets was also almost 

100%, as the study was made during annual medical examinations when all Nenets 

attend for check-up by a doctor of the rotational team.   

 Evaluation of gastrointestinal complaints (II) 3.2.4

Gastrointestinal symptoms were assessed by the question “Have you ever 

experienced the following symptoms and with what frequency?” The following 

symptoms were listed: stomach-ache, regurgitation, flatulence, heartburn, nausea 

and diarrhea. The question was not intended to clarify the connection between 

milk consumption and symptoms. The various answers were “Every day”, “At least 

once per week”, “Every second week”, “Sometimes”. If the participant had never 

had a particular symptom the item was left blank. We combined the answer 

“Sometimes” together with no symptoms into one group and designated it 
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“Without GI symptoms”. The second group included the remaining variables and 

was taken for analyses of differences between genotypes.  

The influence of food on the appearance of GI disorders was assessed by the 

question “Do you have any GI disorders if you consume the following types of 

food?”, six types of food being included. Subjects were asked to put “Yes” or “No” 

opposite every type of food.  

Comparison was made between the lactase non-persistent group (C/C-13910) and 

the lactase-persistent group (C/T-13910  and T/T-13910) in the student group for all 

the above-mentioned questions. 

 Evaluation of milk consumption by questionnaire (II) 3.2.5

In the last part of the questionnaire subjects were asked to define their everyday 

milk product consumption from 0 to more than 5 glasses per day. The choices 

were “Not at all”, “1–2 glasses”, “3–5 glasses” and “More than 5 glasses” of milk 

/sour milk per day. There was also an option to declare consumption less than 1–2 

glasses per day for those who consumed milk very rarely. For the analysis all 

answers were classified into two groups: less than daily milk consumption or none 

and daily milk consumption.   

Comparison was made between the lactase non-persistent group (C/C-13910) and 

the lactase-persistent group (C/T-13910 and T/T-13910) among the students for all the 

above-mentioned questions. 

 Method of gene flow study (I, IV) 3.2.6

The gene flow was charted by the method of concordance of grandparents’ ethnic 

origin (Senior, Bhopal 1994). The term ethnicity was used in the biological sense in 

our study. The ethnicity of a person was defined as Russian if having at least three 

grandparents of Russian origin. In the case of the Nenets we used more strict 

selection, defining as a Nenets only those who had all four grandparents of Nenets 

origin. 
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 Statistical methods (I, II,I V) 3.2.7

We used frequency and cross-tabulation analysis (I, IV). Differences between 

groups were tested by χ2 test. P<0.05 was considered statistically significant.  

Odds ratios (OR) with 95% confidence interval (CI) for -13910C/C genotype in 

the logistic regression analysis were calculated for gastrointestinal symptoms in 

total and symptoms upon consumption of several types of food, and for volume of 

milk/sour milk consumption (II). Statistical analyses were performed with SPSS 

version 15.0 (SPSS Inc. Chicago, IL, USA). 

 Ethical approval (I, II, III, IV) 3.2.8

Every part of the study was approved by the Ethics Committee of NSMU 

(Northern State Medical University, Arkhangelsk), extract from minutes No 08/06 

from 29.11.2006, No 07/08 from 09.06.2008.  

Additional approval was obtained from the Health Care Department of NAO 

(Nenets Autonomous Okrug) for the Nenets study (IV). 
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4 Results 

4.1 Prevalence of adult-type hypolactasia of North Russia (I, IV) 

The prevalence of adult-type hypolactasia (C/C-13910) among the 149 young 

Russians who were born and lived in North-West Russia was found to be 35.6%, 

while the frequencies of C/T-13910 and T/T-13910 were 51% and 13.4% respectively. 

The prevalence of the lactase non-persistence genotype (C/C-13910) among the 

Nenets having only Nenets in two previous generations was found to be 90% 

(Table 2). 

Table 2. Prevalence of lactase persistent/non-persistent genotype by ethnicity (I, IV) 

 C/C-13910 C/T-13910 or T/T-13910 Total 

 n % n % n % 

Russians 53 35.6 96 64.4 149 100 

Nenets 80 90.0 9 10.0 89 100 

Total     238 100 

4.2 Gastrointestinal symptoms and milk consumption in young 
Northern population with adult-type hypolactasia (I, II) 

Among carriers of the LNP genotype in the student study group (N=518) there 

were 10 per cent units fewer milk-consumers in comparison with the LP group 

(46.1 and 56.6%). The differences were statistically significant (p = 0.03). Sour milk 

consumption involved no significant differences in symptoms between LP and 

LNP subjects.  

Milk consumption was associated with GI disorders in 13.3% of subjects with 

LNP genotype and in 7.1% with LP genotype. Complaints of GI disorders caused 

by milk consumption were different between genotypes (p = 0.02).  

Of all types of food analyzed only milk brought out statistically significant 

differences in symptoms between LP and LNP subjects (OR =1.95, CI 1.03-3.69). 
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In regression analysis there was no connection between food consumed and the 

appearance of symptoms besides milk consumption.  

4.3 Family history of the index person with rare genotype variant 
(III) 

A rare variant G to A residing 13914 bp upstream of the LCT gene was identified 

in one subject from the patient group. This woman is a carrier of the most frequent 

variant of LNP genotype, C/C-13910, and she carries the rare variant G/A-13914. The 

results of measurement of dissaccharidase activities in this subject demonstrate an 

increased level of lactase in two independent biopsy specimens. In both samples 

lactase activity was higher than the cut-off for adult-type hypolactasia, 10U/g 

protein, while the lactase/sucrase ratio was decreased. In this person the 

dissacharidase activities were within the same range as in the carriers of the lactase-

persistent genotype C/T-13910 and T/G-13915 variants. The results of DNA 

genotyping in members of this family are presented in Appendix 3.   

Among eight family members whose DNA was available for genotyping five 

had the lactase non-persistent genotype C/C-13910. The rest had the C/T-13910 

variant. None of the family members carried the T/T-13910 variant. The G>A-13914 

variant was also present in the mother (F1) and sister (F5) of the index person. The 

daughter (F6) of the individual F5 also carried G>A-13914, but she was LNP in C/T 

variant. No DNA was available from the deceased father. 

All investigated family members were of Russian origin, and were born in 

North West Russia. It is known that the grandparents of the index person were 

also of Russian origin, except for the grandfather on the mother’s side, who 

originated from Poland. 

Members of the subject’s family consumed very small amounts of milk daily 

(less than 1 glass per day) independent of genotype. They reported consuming 

other dairy products rather than milk itself, but also not more than 2 glasses per 

day. Of all family members neither the index person nor other carriers of -13914 

G>A reported problems from milk consumption. However, the index person’s 

second sister (F8, Appendix 3) and her son (F9), both of them carriers of the 

lactase non-persistent genotype -13910 C/C without -13914 G>A variant, reported 

gastrointestinal problems related to milk ingestion.   
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4.4 Influence of the gene flow from neighboring ethnic groups on 
the prevalence of lactase non-persistence (IV) 

The prevalence of the lactase non-persistent genotype (C/C-13910) among the 

Nenets having only Nenets in two previous generations was found to be 90%. The 

prevalence among others who regarded themselves as Nenets and reported three, 

two or one grandparent of Nenets origin was shown to be 72%, 60% and 28%, 

respectively (p<0.0001, Table 3).   

Of all grandparents 78.5% were of Nenets origin, 11% were Komi, 9.4% were 

Russians, while others (Ukrainians, Byelorussians and others) comprised less than 

1% each.  

Table 3. Frequency of C/T-13910 by grandparents’ origin 

Number of grandparents of 
Nenets origin 

C/C -13910 C/T-13910 or T/T-13910 Total 

 n % n % n % 
Four grandparents 80 90 9 10 89 100 

Three grandparents 13 72 5 28 18 100 

Two grandparents 31 60 21 40 52 100 

One grandparent 5 28 13 72 18 100 

Total 129 73 48 27 177 100 
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5 Discussion 

Healthy young Northern Russians have the lactase non-persistent genotype with a 

frequency of 36%. The figure can presumably be extrapolated to the whole 

Northern population, since the student study group was entirely representative of 

that. The prevalence of the C/C-13910 genotype among indigenous Nenets was 

discovered to be much higher and was estimated to be as much as 90%. Patients 

with GI complaints evinced an approximately equivalent frequency of LNP 

genotype compared to young Northern Russians: of patients examined one in three 

was identified as a carrier of C/C-13910. The novel genotype variant G/A-13914 was 

identified in one of the participants in the patient group who carried the C/C 

genotype at -13910 position (III). In the example from the student group we showed 

that the C/C-13910 genotype had an influence on the amount of milk consumed as 

well as on the frequency of symptoms induced by milk consumption.   

5.1 The representativity of the study groups 

Age and gender have no influences on the LNP genotype frequency. For the 

estimation of LNP genotype prevalence subjects can thus be taken irrespectively to 

their age and gender. Since ethnicity plays a significant role in LNP genotype 

frequency (Sahi 1994) the ethnic background of the study subjects was taken into 

consideration.  

The randomized group of students was recruited from different faculties of 

Medical University. This cohort may be considered representative of the whole 

Northern Russian population as far as the vast majority of them were born in 

North-West Russia and reported themselves as Russians.  

The patients who were referred for consultation with a gastroenterologist were 

taken into the investigation without randomization. All referred patients were 

informed of the aim of the study and expressed willingness to participate. Patients 

reporting any unspecific abdominal complaints such us diarrhea, bloating, 

abdominal cramping, flatulence or audible bowel/borborygmi were asked to 
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participate in the study. The interest was to establish whether the prevalence of the 

LNP genotype among subjects with GI disorders differed from that in the healthy 

student group. The prevalence of C/C-13910 was found here to be almost equal in 

both healthy students and patients group.  

Among the Nenets the prevalence of lactase non-persistence was found to be 

much higher than among neighboring populations, in concordance with the 

cultural historical hypotheses (Simoons 1969, Simoons 1970, McCracken 1971). 

Nenets were taken to our study in randomized order according to the official 

administrative lists and every third patient was then marked and invited. In as far as 

the Nenets still follow a nomadic life style it was not always manageable to get 

every “third” according to the list. Men were out of the settlements quite often. In 

that case the next on the list was taken for study.  

The majority of the participants in this series were women. Since neither gender 

nor age affects C/C-13910 frequency, we may claim to have found the actual 

prevalence of adult-type hypolactasia among the study participants. However, 

gender and age differences can influence participants’ answers on symptoms. In 

reporting subjectively adults behaved more seriously in filling the questionnaire 

compared to students. One may assume that the young age of the respondents and 

the absence of true interest in the results of the investigation may somehow bias 

the results of questionnaire, but in no way influences the prevalence of the 

genotype.   

5.2 The validity of methods used through the study 

The genotyping method used in this study is a direct method of diagnosing genetic 

changes, with 100% specificity for the estimation of the prevalence of adult-type 

hypolactasia in a population older than 12 years (Jarvela 2005). It has been clearly 

shown that the C/C-13910 genotype correlates with low lactase activity, whereas 

C/T-13910 and T/T-13910 genotypes maintain a higher lactase activity (Rasinperä, 

Savilahti et al. 2004, Enattah, Sahi et al. 2002). The use of genotyping thus gives a 

possibility to avoid unnecessary biopsy for lactase non-persistence diagnostics 

(Enattah, Sahi et al. 2002, Kuokkanen, Enattah et al. 2003, Rasinperä, Savilahti et al. 

2004, Jarvela 2005). 

The method shows the actual frequency of the LNP genotype and thus makes it 

possible to estimate the prevalence of adult-type hypolactasia in different ethnic 

populations. The genotyping for C/C-13910 identification has previously been used 
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in two Russian studies (Borinskaia, Rebrikov et al. 2006, Kozlov 2004), but has 

never been used in a Northern Russian population nor in a population of nomadic 

Nenets. The argument for genotyping is that the method is not confounded by 

environmental and subjective factors which may affect the results of the other tests 

(Jarvela 2005). On the other hand, genotyping is not suitable for the estimation of 

lactose intolerance, since carriers of the LNP genotype are not always lactose-

intolerant (Haberkorn, Ermens et al. 2011).  

In the Family study measurement of dissaccharidase activities was undertaken 

to establish the significance of the novel G/A-13914 variant. The method of 

Dahlqvist (1984), described by Launiala K and associates (Launiala, Perheentupa et 

al. 1964) was applied for this purpose. The method has previously been used in 

many studies (Sahi 1974, Savilahti, Launiala et al. 1983, Heitlinger, Rossi et al. 

1991). Here the whole process was conducted in accordance with the instructions 

of the scientific laboratory of the Hospital for Children and Adolescents in the 

University of Helsinki. 

The present questionnaire has previously been used in other studies (Sahi 1974). 

All persons here were of active age and therefore capable of understanding the 

questions, and moreover had the possibility to ask the researcher in cases of doubts 

regarding meaning. We thus trust the answers to be accurate. However, since it was 

obvious that patients were more interested in participation than the students, 

patients’ answers might be the more reliable. The questions on milk consumption 

caused some difficulties in that originally the questionnaire was designed for the 

population consuming milk in ordinary amounts. According to the results here 

Northern Russians, especially young persons, consume very small amounts of milk 

daily, some of them less than one glass per day. Hence they had difficulties in 

reporting daily amounts of consumed milk. 

The ethnicity question was the most challenging especially for young Russians, 

since some of them were not aware of the ethnicity of their grandparents. In cases 

of complete unawareness regarding the origins of their ancestors, participants were 

allowed to leave the box empty. These cases were excluded from the final analysis 

of lactase non-persistence prevalence among Russians and were kept as a group 

“others” apart of Russians. Nenets subjects as well as the patient group 

experienced no challenges with the ethnicity definition. All patients were adults and 

were aware of the ethnicity of their ancestors. Nenets, who traditionally preserve 

their ethnic features with particular care, were absolutely sure of their family history.  

It is always a challenge to determine Russian ethnicity since there have been 

many mixtures between neighbors. Moreover, during the Soviet era the term 
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“ethnicity” was substituted by the term “nationality” (Kozlov, Vershubskaya et al. 

2007). Especially young people lack knowledge of their ancestry, so that it was a 

demanding task to collect information on this aspect. The method of concordance 

of grandparents’ national origin was chosen to ascribe ethnicity (Senior, Bhopal 

1994). This approach gives an opportunity to count the number of grandparents 

belonging to the same ethnicity. A person was considered to be Russian if having 

at least three Russian grandparents. For the Nenets study group we enhanced the 

rule to take all grandparents of Nenets origin into account, which has not been 

used before. Application of this method brought to light fairly important findings. 

Although the administrative list includes Nenets only, the self-reported ancestors 

of the participants were not exclusively Nenets. Moreover, the prevalence of the 

LNP genotype had a strong correlation with the number of indigenous 

grandparents. This supports the cultural historical hypothesis of hypolactasia and 

demonstrates the difference between biological and self-identified ethnicity.  

5.3 The prevalence of adult-type hypolactasia 

The prevalence of adult-type hypolactasia differs among populations. A map of 

prevalence was created in 1994 (Sahi 1994) based on studies made by indirect 

methods such us LTT, LTTE, BHT or measurement of disaccharidase activity in 

the small intestine. The implementation of the genotyping method soon after the 

discovery of LCT has allowed estimation of the prevalence of the LNP genotype 

among different populations. Many European populations have already been 

genotyped for LNP. In Russia the genotyping method for LNP has been used 

twice prior to our study (Borinskaia, Rebrikov et al. 2006, Kozlov 2004). Neither 

Northern Russians nor Nenets were involved in these studies.  

The prevalence of lactose malabsorption was shown to be lowest in Northern 

Europe rising towards the South of Europe. There are a limited number of studies 

investigating the prevalence of lactose malabsorption among Russians. The 

available works show a prevalence of lactose malabsorption obtained by different 

methods from 12.5 to 57% (Valenkevich 1987, Valenkevich, Iakhontova 1989, 

Lember, Tamm et al. 1991, Kozlov 1996, Kozlov, Vershubskaya et al. 2007). 

According to Russian studies using the genotyping method (Borinskaia, Rebrikov 

et al. 2006) the prevalence of adult- type hypolactasia among Russians living in the 

central part of the territory depended on area of residence and ranged from 36% to 

50%. Our study, involving young Russians born in the North West of Russia, 
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demonstrated a prevalence of adult-type hypolactasia as high as 36%, which is 

partly in accord with previous data. The novelty of the study was that subjects were 

carefully analyzed from the point of view of their ethnicity and the method of 

concordance of grandparents’ ethnicity (Senior, Bhopal 1994) was applied for the 

purpose. Since the study group was representative for the whole Northern Russian 

population it may be asserted that this is the true prevalence of lactase non-

persistence (adult-type hypolactasia, C/C-13910 genotype) among the Northern 

Russian population.  

It was previously known that hypolactasia frequencies in indigenous groups in 

the Arctic and Sub-Arctic territories of Russia are higher than in the "reference" 

samples of Slav (Russian, 40-49%) and Permian Finn (Komi-Permiak and 

Udmurtian, 50-59%) groups (Kozlov 1998). In the studies mentioned the 

prevalence of lactose malabsorption among Nenets from Siberia was shown to be 

78% in a sample of 9 persons. In early studies using other methods apart of 

genotyping the prevalence of adult-type hypolactasia among the West Siberian 

Nenets population was shown to be 88% (Kozlov, Vershubskaya et al. 2007). 

Among all indigenous groups inhabiting different territories of the Russian 

Federation the highest prevalence was established among the Khants (near the 

River Ob), with a figure of 94%  (Lember, Tamm et al. 1995) and 89% among 

Chukchi, while the frequency of LNP in Komi-Permyak was estimated as 42% 

(Kozlov, Vershubskaya et al. 2007).  

Differences in earlier histories can explain such genetic differences in 

neighboring populations. The Nenets who traditionally preserve their ethnic 

features with great care, are known to be a non-milk consuming people (Mirov 

1945). Therefore a high frequency of LNP was assumed to be found among their 

population. The current study showed that the prevalence of the C/C-13910 

genotype among Nenets who had all parents and grandparents of Nenets origin 

was as high as 90%. The prevalence among others with three, two or one 

grandparent of Nenets origin was respectively lower. Use of the method of 

concordance of grandparents’ origin (Senior, Bhopal 1994) made it possible to 

bring to light the actual prevalence of adult-type hypolactasia among the 

indigenous Nenets.  
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5.4 Milk consumption and gastrointestinal symptoms 

According to the present results milk consumption is very low among the young 

Russian population. However, our study showed that lactase non-persistent 

subjects have a higher frequency of GI disorders associated with milk even in the 

population consuming very small amounts of milk. There has been a tendency over 

the last two decades to reduce milk consumption in Northern Europe (Weaver 

2010). Among our participants the amount of milk consumed was even less than in 

other countries (Lember, Torniainen et al. 2006).   

The study also demonstrated that among LNP carriers there were fewer milk 

consumers compared to LP subjects. Lower milk consumption among LNP 

subjects has been demonstrated among other populations (Lember, Torniainen et 

al. 2006, Kull, Kallikorm et al. 2009, Laaksonen, Mikkil et al. 2009). Interestingly, 

milk was the only type among six tested foods to show an influence on GI 

symptoms differently by genotype in our study.  

Taking into account that nowadays there is tendency to increase milk 

consumption in Russia by supplying school children with the essential amount of 

milk according to the Federal program (The national program "School milk" 2013), 

it might be assumed that the frequency of GI disorders could rise among LNP 

subjects. It is therefore important either for people themselves or for health care 

personnel to be aware of lactase persistence/non-persistence. The manufacture of 

lactose-free products may be beneficial for the Russian population, since milk is an 

important and “cost-effective” source of everyday nutrition (Miller, Jarvis et al. 

2001, Haug, Høstmark et al. 2007, Weaver 2010, Valenkevich, Iakhontova 2005). 

5.5 The novel G/A-13914 variant  

The most frequently encountered C/T-13910 genotype variant among Europeans 

was found to be responsible for the regulation of lactase activity among our study 

population. Other variants (C/G-13907, T/C-13913, T/G-13915 and G/C-13010) 

previously associated with the regulation of lactase activity in the southern part of 

the world (Tishkoff, Reed et al. 2007, Imtiaz, Savilahti et al. 2007, Ingram, Elamin 

et al. 2007) were not present here. However, we found the variant G/A-13914 

upstream of the lactase gene (LCT), which is associated with lactase persistence in 

its carriers. The fact is that the subject in question had LNP (C/C-13910 genotype) in 

the main position and therefore should evince lactase activity lower than 10 
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U/g/protein, which has been shown to be the cut-off point for adult-type 

hypolactasia. In fact the lactase activity determined in this person was higher in two 

biopsy samples taken. We therefore assumed that the A-13914 allele is related to an 

increase in lactase activity. The origin of -13914 G/A is not at the present time clear 

and remains to be studied. Previously the variant was described briefly in two 

Europeans (Tag, Schifflers et al. 2007, Tag, Oberkanins et al. 2008) from different 

populations. The significance of this genotype has not previously been studied. It is 

conceivable that this mutation has appeared in different regions of the world.   

5.6 Cultural historical hypothesis  

The cultural historical hypothesis associates the occurrence of hypolactasia with 

dairy history (Simoons 1970, McCracken 1970). Other conceptions such as the 

calcium absorption hypothesis (Flatz, Rotthauwe 1973) can be seen as amplifying 

the cultural historical hypothesis of hypolactasia. Population traditionally keeping 

cows and consequently using milk products as preferred food had a survival 

advantage (McCracken 1971). The mutation appearing long ago conferred the 

ability to retain lactase activity throughout life on a certain number of people 

(Simoons 1970). However, there are several populations such as the Nenets who 

are known to be non-milking tribes and who are nomadic and do not keep cows 

(Mirov 1945). They use other sources of everyday nutrition rather than milk 

products. These tribes are assumed to be characterized by a high frequency of 

hypolactasia, and one example may be the Nenets from North-West Russia. In our 

Nenets study we found support for the cultural historical hypothesis of 

hypolactasia and demonstrated a frequency of the C/C-13910 genotype as high as 

90% among those who had only Nenets among their ancestors. The fact is that the 

frequency of the LNP genotype diminishes proportionally to the number of 

ethnicities other than Nenets in a person’s pedigree. 

The study results support the cultural historical hypothesis. Dairy farming had a 

leading role in the process of mutation increasing the LCT gene frequency. The 

gene flow from neighboring populations may alter the prevalence of hypolactasia 

in non-milking tribes. However, those who had all grandparents of the same 

(Nenets) origin had the highest frequency of the LCT gene. Mutations take place 

all the time and all over the world at a certain frequency, but mutation enrichment 

occurs when it is of advantage to the human being.  
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5.7 Practical significance of the study 

Genotyping is a direct method of diagnosing adult-type hypolactasia and can be 

used in clinical practice in the process of the differential diagnostics of unspecific 

abdominal complaints.  

There is still a lack of knowledge as to the age of lactose intolerance onset 

among Russians as well as among Nenets. Research aiming to establish the age of 

onset of gene down-regulation among these populations could be of great interest. 

Taking into account the beneficial properties of milk for humans and the high 

prevalence of hypolactasia among the Northern population it would be beneficial 

to supply this region with lactose-free products to provide balanced and useful 

nutritional support. 
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6 Conclusions 

The prevalence of adult-type hypolactasia in the population of Northern Russia 

was found to be 36%, while in the Nenets group the figure was found to be 90% 

among indigenous Nenets having only Nenets ancestors in their pedigree. 

Lactase non-persistence has an influence on milk consumption and symptom 

appearance. Young Northern Russians consume small amounts of milk. However, 

milk consumption was found to be associated with gastrointestinal symptoms in 

lactase non-persistent subjects. 

The novel G/A-13914 variant was associated with increased lactase activity in one 

subject with C/C position in LNP genotype, suggesting that the increased lactase 

activity is most likely to be associated with the G/A -13914 variant. 

The results of our study supported the cultural historical hypothesis of 

hypolactasia. The highest prevalence of adult-type hypolactasia was discovered 

among a group of indigenous people having only Nenets in their pedigree, while 

the prevalence of the lactase non-persistent genotype among others having three, 

two or one Nenets among ancestors was lower. It may therefore be concluded that 

not only a history of milk drinking but also the gene flow from other populations 

influences hypolactasia frequency. 
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Appendixes 

Appendix 1. Prevalence of lactose malabsorption/hypolactasia in Russians and other Slavonic tribes 

Ethnicity Study subjects or 
sample 

Methods Age Nu
mb
er  

Prevalence Year of 
publication 

Reference 

LTT  Urine 
test 

BHT Biopsy Geno-
typing 

Russians 
(Leningrad) 

Healthy +   +  25-55 64 12.5 1987 (Valenkevich 1987) 

Russians (Karelian 
ASSR) 

Healthy No information 20-50 104 16.3 1989 (Valenkevich, Iakhontova 1989) 

Russians (Estonia) No information      Students 60 37.0 1987 (Labotkin 1987) 

Russians (“Old 
Believers”) 

No information + +  +  20-65 103 57.0 1991 (Lember, Tamm et al. 1991) 

Russians of Ural No specific information + +    17-55 49 51.0 1996 (Kozlov 1996) 

Russians of 
Udmurtian 
Republic 

Healthy + 
Symptoms 

    18-55 30 40.0 1998 (Kozlov 1998) 

Russians of West 
Siberia 

Healthy + 
Symptoms 

    18-55 47 49.0 1998 (Kozlov 1998) 

Russians (North-
West Russia) 

No specific information + +    25-55 108 16.0 2005 (Valenkevich, Iakhontova 2005) 

Russians 
(Kostroma region) 

DNA from collection of 
genome analysis 
laboratory, Russian 
Academy of Science 

    + No data 102 36.2 2006 (Borinskaia, Rebrikov et al. 2006) 

Russians (Kursk)     + No data 112 53.6 2006 (Borinskaia, Rebrikov et al. 2006) 

Russians (Rostov)      + No data 114 53.5 2006 (Borinskaia, Rebrikov et al. 2006) 

Russians 
(Chukotka) 

    + No data 26 46.2 2006 (Borinskaia, Rebrikov et al. 2006) 

Russians 
(Moskow) 

Children with atopy     + 12.5* 40 55.0 2008 (Delyagin, Kagramanova et al. 2008) 

Belorussian Healthy +   +  25-55 38 13.0 1987 (Valenkevich 1987) 

Ukrainian Healthy +   +  25-55 52 5.8 1987 (Valenkevich 1987) 

Belorussian Healthy + +    25-55 74 15.0 2005 (Valenkevich, Iakhontova 2005) 

Ukrainian Healthy + +    25-55 88 13.0 2005 

Ukrainian DNA from collection of 
genome analysis 
laboratory, Russian 
Academy of Science 

    + No data 122 41.8 2006 (Borinskaia, Rebrikov et al. 2006) 

Belorussian     + 101 39.6 2006 (Borinskaia, Rebrikov et al. 2006) 

*The mean age 
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Appendix 2. Prevalence of lactose malabsorption/hypolactasia in different ethnicities settled in the territory of the former Soviet Union 

Ethnicity Study subjects or sample Methods Age Number  Prevalence Year of 
publication 

Reference 

LTT  Urine 
test 

BHT Biopsy Geno-
typing 

     

Khants Hunters and fishermen and 
their families 

+ +  +  8-57 80 94 1995 (Lember, Tamm et al. 1995) 

Maris Adult population +     20-60 204 81 1987 (Tamm, Lember et al. 1987) 

Mordvinians Healthy No information  20-50 26 11 1989 (Valenkevich, Iakhontova 1989) 

Karelians Healthy No information  20-50 78 11.5 1989 (Valenkevich, Iakhontova 1989) 

Vepses Healthy No information  20-50 9 11 1989 (Valenkevich, Iakhontova 1989) 

Finns Healthy No information  20-50 62 11.3 1989 (Valenkevich, Iakhontova 1989) 

Komi-permiaks No specific information + +    17-55 112 50.0 1996 (Kozlov 1996) 

Komi (izhems) No specific information + +    17-55 56 63.0 1996 (Kozlov 1996) 

Mansi No specific information + +    17-55 38 71.0 1996 (Kozlov 1996) 

Khants No specific information + +    17-55 76 82.0 1996 (Kozlov 1996) 

Mansi Indigenous +     31.1* 13 69.2 1991 (Zhvavyi, Kozlov et al. 1991) 

Khants Indigenous +     31.1* 53 67.9 1991 (Zhvavyi, Kozlov et al. 1991) 

Nenets (West Siberia) Indigenous +     31.1* 7 71.4 1991 (Zhvavyi, Kozlov et al. 1991) 

Buryats Indigenous +     23.1* 19 47.0 1991 (Zhvavyi, Kozlov et al. 1991) 

Kildin Saami Healthy +     18-55 50 48.0 1998 (Kozlov 1998) 

Komi- Izhems (Ob) Healthy +     18-55 56 63.0 1998 (Kozlov 1998) 

Nenets (West Siberia) Healthy +     18-55 9 78.0 1998 (Kozlov 1998) 

Permian Finn (Komi-Permiak 
and Udmurtian) 

Healthy +     18-55 112 
75 

50.0 
59.0 

1998 (Kozlov 1998) 

Finns Healthy + +    25-55 98 22 2005 (Valenkevich, Iakhontova 2005) 

Karelians Healthy + +    25-55 106 20 2005 (Valenkevich, Iakhontova 2005) 

Vepses Healthy + +    25-55 44 20 2005 (Valenkevich, Iakhontova 2005) 

Ishorians Healthy + +    25-55 50 20 2005 (Valenkevich, Iakhontova 2005) 

Estonians (Leningrad region) Healthy + +    25-55 64 23 2005 (Valenkevich, Iakhontova 2005) 

Chukchi DNA from collection of genome 
analysis laboratory, Russian 
Academy of Science  

    + No data 35 88.6 2006 (Borinskaia, Rebrikov et al. 2006) 

Udmurti     + No data 94 55.3 2006 (Borinskaia, Rebrikov et al. 2006) 

Komi-permyaki     + No data 69 42.0 2006 (Borinskaia, Rebrikov et al. 2006) 

*The mean age 
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Appendix 3. Description of family members (II) 

Code Relation to index 
person 

Age at time of 
investigation 

Genotype Origin and 
place of birth 

Anamnesis of diseases Milk / sour milk 
consumption (glasses 

per day) 

Symptoms caused by 
milk product 
consumption 

Symptoms 
caused by other 

foods 

Index 
person 

 58 C/C-13910 
G/A -13914 

Russian 
Archangelsk 

Stomach ulcer (bleeding in 2005), 
rheumatoid arthritis (since 1993), 
renal carcinoma (operated in 1993) 

0,5/1-2 No Yes 

F1 Mother 86 C/C-13910 
G/A -13914 

Russian  
Archangelsk 
region 

Stomach cancer (cause of death in 
2008) 

0/1-2 No No 

F2 Father   Russian  
Leningrad 
region 

Died in the year of research from 
cancer of skin 

   

F3 Daughter 32 C/C-13910 Russian  
Archangelsk 

No 0/1-2 No No 

F4 Granddaughter 6 Parents have not 
given permission to 
investigate 

     

F5 Sister 56 C/C-13910 
G/A -13914 

Russian 
Archangelsk 

Gastritis 1/1 No Yes 

F6 Niece (daughter 
of F5) 

29 C/C-13910 
G/A -13914 

Russian 
Archangelsk 

Gastritis 0/1-2 No Yes 

F7 Nephew (son of 
F5) 

22 C/C-13910 
G/A -13914 

Russian 
St Petersburg 

No 1/0 No No 

F8 Sister 59 C/C-13910 
G/A -13914 

Russian 
Archangelsk 

No Very seldom Yes Yes 

F9 Nephew (son of 
F8) 

34 C/C-13910 
G/A -13914 

Russian 
Archangelsk 

Ulcer od duodenum, 
biliary dyskinesia 

0/0 Yes No 
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Appendix 4. Questionnaire (in Russian) 

ИССЛЕДОВАНИЕ НАСЛЕДСТВЕННОГО НАРУШЕНИЯ АБСОРБЦИИ ЛАКТОЗЫ  

 

Фамилия, имя, отчество ……………………………………………………………………… 

Адрес …………………………………………………………………………………….…… 

Контактный телефон (для сообщения результатов исследования) …………………..….….. 
………………………………………………………………………………………..…….…... 

Возраст (полных лет)……………………. Полная дата рождения …………………….…… 

Профессия………………………Семейное положение……………………………… 

Обведите кружком нужный ответ: например да нет 

1. Были ли у вас когда-либо или есть сейчас 
   - язва желудка   да нет когда  
   - заболевания желчного пузыря  да нет когда 
   - другие желудочные заболевания  да  нет когда 

Если были другие желудочно-кишечные заболевания, то какие  

………………………………………………………………………………………………… 

2. Была ли вам проведена 
   - операция по лечению язвы желудка да нет когда 
   - операция на желчном пузыре  да нет когда 
   - операция по удалению аппендицита да нет когда 
   - другая операция в области живота/желудка да нет когда 

Если была проведена другая операция в области живота/желудка, то какая именно 
………………………………………………………………………………………………… 

3. Были ли у вас в течение последнего года желудочные или кишечные расстройства? 
    да нет 

4. Если у вас были в течение последнего года желудочно-кишечные расстройства, то 
появлялись они (обведите кружком нужный ответ) 
   - каждый день 
   - по меньшей мере раз в неделю 
   - иногда (реже чем один раз в неделю) 

Ухудшаются ли от этого вкусовые ощущения  да нет 

Улучшаются ли от этого вкусовые ощущения  да нет 
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Расстройства/боли появляются: 
   - сразу после начала приёма пищи 
   - через час после приёма пищи 
   - позже (в том числе ночные боли) 
   - боли купируются едой (голодные боли) 

Наиболее частая локализация этих болей? 
   - в области сердца 
   - в правом подреберье 
   - в левом подреберье 
   - в нижней части живота справа 
   - в нижней части живота слева 
   - в околопупочной области 
   - в эпигастрии 

5. Часто ли и, начиная с какого возраста, у вас были следующие симптомы? Обозначьте 
крестиком (галочкой) в клетке. 

 каждый день по меньшей 
мере раз в 
неделю 

в среднем 
каждую 
вторую 
неделю 

нерегулярно/с 
разной 
регулярностью 

в возрасте 
……. лет 

Изжога      

Отрыжка      

Боль в желудке      

Вздутие живота      

Выделение 
газов из 
кишечника 

     

Жидкие 
испражнения 

           
…. раз в день 

           
…. раз в день 

   

Водянистый 
понос 

 
…. раз в день 

 
…. раз в день 

   

Тошнота      

Рвота      

Недомогание      

Мешают ли вам вышеупомянутые недомогания? 
   да нет 

Если вам они мешают, укажите, какие из них вызывают наибольшее неудобство? 
…………………………………………………………………………………………………
……………………………………………………………………………………...………….. 

6. Вызывают ли какие-либо желудочно-кишечные расстройства у вас следующие виды 
пищи? 
   - жирная пища   да нет 
   - жареная пища   да  нет 
   - молоко или молочный суп  да нет 
   - простокваша или кисломолочные продукты да нет 
   - овощи (капуста, брюква)  да нет 
   - фрукты (яблоки)   да нет 
   - какая-либо другая пища  да нет 
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Какая ”другая пища” вызывает желудочные или кишечные 
расстройства?  ................................................................................................................................ 
………………………………………………………………………………………………... 

Если приём пищи вызывает желудочно-кишечные расстройства, то какие именно? (из 
перечисленных в п.5 или 
другие).......................................................................................................................................................... 
…………………………………………………………………………………………………. 

7. Нужно ли вам избегать какой-либо пищи или каких-либо напитков из-за желудочных 
расстройств?   да нет 

Каких видов пищи и напитков вам следует избегать?................................................................ 

……………………………………………………………………………………………….. 

8. Сколько стаканов молока вы выпиваете обычно каждый день? (обведите кружком 
нужный вариант) 
   - ни одного 
   - 1-2 стакана 
   - 3-5 стаканов 
   - более 5 стаканов 

9. Сколько стаканов простокваши/кефира вы выпиваете обычно в течение дня? 
   - ни одного 
   - 1-2 стакана 
   - 3-5 стаканов 
   - более 5 стаканов 

10. Сколько чашек кофе вы выпиваете обычно ежедневно? 
   - ни одной 
   - 1-2 чашки 
   - 3-6 чашек 
   - более 6 чашек 

На следующей схеме обозначьте, пожалуйста, Ваше место рождения и национальность. 

Для получения точных результатов исследования нам также важна информация о месте 

рождения и национальности Ваших родственников. Заполните, пожалуйста, те графы, в 

которых Вы точно уверены. 
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Мы благодарим Вас за участие в исследовании. Результаты буду сообщены Вам по тому 

контактному телефону, который Вы указали в начале анкеты. 

 

Ваша подпись и дата исследования  

……………………………………. 

 

 

 

 

 

 

 

Место рождения 
Национальность 

Место рождения мамы 
Национальность 

Место рождения отца 
Национальность 

бабушка дедушка бабушка дедушка 
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Abstract
AIM: To estimate the prevalence of the lactase 
non-persistent genotype (C/C-13910) in a northern 
Russian population in accordance with ethnicity, and to 
evaluate self-reported milk consumption depending on 
lactase activity.

METHODS: Blood samples for genotyping lactase 
activity, defining the C/T-13910 variant by polymerase 
chain reaction, and direct sequencing were taken from 
231 medical students of Russian origin aged 17-26 years. 
We analyzed milk product consumption by questionnaire 
which was specially designed for the estimation of milk 
consumption and abdominal complaints.

RESULTS: We found that the prevalence of the  
C/C-13190 genotype in the northern Russian population 

was 35.6%. The other genotypes nearby C/T-13910 
and associated with lactase activity were not present in 
the study population. The consumption of milk among 
people with the non-persistent genotype tended to be 
lower than among the lactose tolerant subjects, but was 
not statistically significant. 

CONCLUSION: An investigation of the lactase persistent 
genotype in a northern Russian population has not 
been performed before. The genotype did not affect the 
consumption of milk products in this population which 
could be explained by low consumption of milk products 
among the entire study population. 

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
The prevalence of  adult-type hypolactasia (primary 
lactose malabsorption, lactase non-persistence) varies 
considerably between different races and populations[1,2]. 
Inheritance of  primary lactose malabsorption is 
controlled by a single recessive autosomal gene[3].

Simoons[4] and McCracken[5] suggested the cultural 
historical hypothesis to explain the differences in 
prevalence of  hypolactasia. Hence, people with lactase 
persistence could survive better because they could 
use all nutrients in milk without having diarrhea. It 
is possible that they had more children than subjects 
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with hypolactasia. The idea of  the calcium absorption 
hypothesis was proposed by Flatz[6], who suggested that as 
lactose is a stimulant of  calcium absorption, people who 
consume milk have less rickets, pelvic deformities and 
more children. This was genetic selection to the benefit of  
lactase persistence. 

Several laboratory methods are used in the diagnosis 
of  hypolactasia. Previously the prevalence of  hypolactasia 
was detected by a lactose tolerance test (LTT) or a lactose 
tolerance test with ethanol (LTTE)[7,8]. The “gold standard” 
which can be used as a reference method is the direct 
determination of  lactase activity in the small intestinal 
mucosa, taken by biopsy; however, the invasiveness 
of  the test does not allow its use in everyday practice 
and screening[7]. In 2002 the genetic variant associated 
with adult-type hypolactasia, a one base polymorphism  
C/T-13910 (rs 4988234) upstream of  the lactase coding 
gene on chromosome 2 was identified. The C/T-13910 
variant is located in the OCT-1 binding site and acts as an 
enhancer[9]. The variant is inherited recessively so that the 
C-13910 allele in a homozygous form (the C/C-13910 
genotype) is always associated with adult-type hypolactasia 
and the T-13910 allele (C/T and T/T-13910 genotypes) 
with persistent lactase activity[10]. The specificity of  the 
genetic test is 100% with a sensitivity of  93% in subjects 
older than 12 years[11]. In addition, several other suggested 
variants (C/G-13907, T/C-13913, T/G-13915 and  
G/C-14010) nearby the C/T-13910 variant were identified 
in African and Middle Eastern populations[12-14]. Of  these 
variants, 13915 T/G and 14010 G/C are associated with 
lactase persistence[12,14].

Data on the prevalence of  hypolactasia from studies 
performed in the territories of  Russia are available. The 
prevalence of  lactase malabsorption among Russians has 
been found to vary from 13% to 57% according to different 
authors and the different methods used[15-17]. Many studies 
were carried out in other populations living in the territories 
of  Russia and the prevalence of  lactose malabsorption 
among them was between 11% and 94%[16-20].

Genotyping has been used in only two Russian 
studies[21,22] which showed that the prevalence of  
hypolactasia among Russians living in the central part 
ranged from 36% to 50% and depended on the area of  
residence[22].

The main hypothesis of  the current study was that 
people with the C/C-13910 genotype will avoid using 
milk or their milk consumption will be less compared to 
those with the lactase persistent genotype.

The objective was to estimate the prevalence of  the 
lactase non-persistent genotype in a northern Russian 
population of  students from the Medical University 
of  Archangelsk. We determined the frequency of  
the C/T-13910 variants in accordance with ethnicity 
and estimated self-reported milk consumption and its 
relationship to the C/T-13910 genotypes. 

MATERIALS AND METHODS
Study group
The study was performed in collaboration with the 

Department of  Family Medicine, Northern State 
Medical University (NSMU), Archangelsk, Russia, the 
Department of  Medical Genetics, University of  Helsinki 
and the Department of  General Practice, University 
of  Tampere. The study was approved by the Ethics 
Committee of  NSMU (No. 08/06 from 29.11.2006). 
Medical students from different faculties aged 17 to 26 
years were enrolled into the investigation. All subjects 
gave written informed consent and completed a 
questionnaire on their personal data, self-reported health 
status, milk consumption habits, ethnicity and their place 
of  birth as well as their parents’ and grandparents’ place 
of  birth. Blood samples were taken from 241 students. 
Of  these, 231 reported their origin as Russian; but, 
according to the origins of  grandparents (at least three 
out of  four grandparents) only 149 were considered 
to have Russian ethnicity. Of  the others, 61 did not 
report the data on grandparents and these subjects were 
classified as “missing information” on ethnicity. Twenty 
one students who reported their origin as Russian 
had at least 2 grandparents with another origin mostly 
Ukranian, but also Byelorussians, Komi, Mordvinian 
and others. Final analysis of  the prevalence of  the  
C/C-13910 genotype was based on one of  three 
subgroups: Russians, the group with missing data on 
grandparents and the mixed origin group (Table 1). 
We included students who were chosen by random 
methods from four main faculties of  the university in 
the investigation. Randomization in our study was done 
according to standard rules. The NSMU has 16 faculties 
and each of  them has 10 to 12 groups of  students. We 
took every third group of  students according to an official 
list from every fourth faculty. As a result we received 176 
students chosen by a random method. The remaining 65 
were taken at an annual medical review. Although that 
sample was not random, there was no selection because 
every student who attended medical review during a 
certain time (while we were collecting the material) was 
taken. Age and sex do not affect gene frequency. 

The number of  students and the selection process 
are presented in Figure 1. The majority of  students (155 
of  231) who participated in the study were born in the 
Archangelsk region, the others were born in different 
regions of  north-west Russia (Figure 2).

Questionnaire
We used the questionnaire designed by Sahi[3] with some 
modifications in the present study. Milk consumption 
was estimated using questions about milk and sour milk 
consumption. For comparison, we divided all subjects 
into two groups (Table 2). The first group consisted of  
students who were consumers of  milk regardless of  
amount (answer “Yes” in Table 2) and the second group 
consisted of  those who never consumed milk (answer 
“No” in Table 2).

Analyses of genotype
DNA was amplified by polymerase chain reaction (PCR). 
We used Taq polymerase (Dynazyme, Finnzymes, Espoo, 
Finland) with the conditions described elsewhere. The 
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used forward primer was 5'-CCTCGTTAATACCCACT
GACCTA-3' and the reverse primer was 5'-GTCACTTT
GATATGATGAGAGCA-3' which covered about 400 bp 
regions on both sides of  the C/T-13910 variant. The PCR 
product was verified by 1.5% agarose gel electrophoresis 
(with ethidium bromide). The PCR products were 
purified using shrimp alkaline phosphatase (USB) and 
exonuclease Ⅰ (New England Biolabs) at 37℃ for  
60 min and at 80℃ for 15 min.

During sequencing, BigDye 3.1 terminator (Applied 
Biosystems) was used according to the manufacturer’s 
instructions. Sequencing conditions were as follows: 96℃ 
for 1 min, then 25 cycles at 96℃ for 10 s, 55℃ for 5 s 
and 60℃ for 4 min. The sequencing reaction followed 
purification by Millipore Multiscreen plates (Millipore, 
USA) with Sephadex G-50 Superfine sepharose 
(Amersham Biosciences, Sweden), electrophoresis using 
the ABI 3730 DNA Analyzer (Applied Biosystems) and 
base calling by Sequencing Analysis 5.2 software (Applied 
Biosystems). The obtained sequence was analyzed using 
Sequencher 4.6. software (Gene Codes, USA)[23].

Statistical analyses
The Chi-square test was used to test the difference 
between groups of  genotype in milk consumption.  
P < 0.05 was considered statistically significant.

RESULTS
The prevalence of  the C/C-genotype was found to be 
35.6% among young Russian people who were born 
and lived in north-west Russia (Table 1). None of  
the previously identified other variants (C/G-13907,  
T/C-13913, T/G-13915 and G/C-14010) were present 
in the study population.

The frequency of  milk consumption varied among 
the milk consumers; however, the majority of  subjects 
consumed 1-2 glasses per week or less and only 5 
persons of  231 consumed 3 or more glasses per week. 
The same pattern was found for the consumption of  
sour milk. Only 3 persons in the entire study population 
consumed 3 or more glasses of  sour milk per week.

Among subjects with lactase non-persistence  
(C/C-13910 genotype) more than half  (63.1%) did 
not consume milk at all compared with those with the 
C/T-13910 variant (49.6%). The differences in milk 
consumption between lactose persistent subjects (C/T 
and T/T variants together) and those with hypolactasia 
(C/C-13910 genotype) was not statistically significant  
(P = 0.094). 

The consumption of  sour milk did not have a 
significant effect within the group of  “non-consumers”; 
but, subjects with the C/T- and the T/T -variants 
consumed sour milk relatively more often than subjects 
with the C/C-13910 genotype (59.3%, 64.7% and 
48.8%, respectively). The sour milk consumption among 
lactose non-persistent subjects (C/C-variant) and lactase 
persistent subjects (C/T- and T/T- variant together) was 
not statistically significant (P = 0.084).

All 5 persons who consumed milk products in 

Table 1  The distribution of the lactase-persistent/non-
persistent genotypes by ethnicity  n  (%)

CC-139101 CT-139102 TT-139102 Total

Russian 53 (35.6)   76 (51.0) 20 (13.4) 149 (100)
Others   9 (42.8)   11 (52.4) 1 (4.8)   21 (100)
Information missing 22 (36.1)   26 (42.6) 13 (21.3)   61 (100)
Total 84 (36.5) 112 (48.7) 34 (14.8) 231 (100)

1Lactase non-persistent genotype; 2Lactase persistent genotype.

Table 2  Consumption of milk products by different  
C/T-13910 genotype variants  n  (%)

Consumption CC-139101 CT-13910 and TT-139102 Total

Milk
   Yes  31 (36.9)   71 (48.3) 102 (44.2)
   No  53 (63.1)   76 (51.7) 129 (55.8)
   Total 84 (100) 147 (100) 231 (100)
Sour milk
   Yes  41 (48.8)   89 (60.5) 130 (56.3)
   No  43 (51.2)   58 (39.5) 101 (43.7)
   Total 84 (100) 147 (100) 231 (100)

1Lactase non-persistent genotype; 2Lactase persistent genotype.

Students included in the study 273

Attended, got questionnaire, blood 
sample was taken 243

Filled in the questionnaire 241

Russian origin 231

Did not attend 30

Did not fill in the 
questionnaire 2

Other origins 10

Figure 1  Steps in the data collection process.
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relatively greater amounts (3 and more glasses per week) 
had the lactase persistent genotype.  

We estimated the gastrointestinal symptoms among 
subjects with lactase persistent and non-persistent 
genotypes. However, differences in the frequencies of  
symptoms were not statistically significant. 

DISCUSSION
The prevalence of  adult-type hypolactasia among 
Russians is in accordance with previous investigations 
and varies from 13% to at least 50%[15-17,21,22]. The 
majority of  previous studies were performed using 
the lactose tolerance test, and only two of  the recent 
studies performed in Russia[21,22], used the same direct 
genotyping we used in the present investigation. 
However, these researchers studied the frequency of  the 
lactase persistent/non-persistent genotype among other 
populations living in the territories of  Russia, but did 
not estimate the milk consumption. 

Genetic testing is a direct method of  diagnosing 
adult-type hypolactasia, and is not confounded by 
environmental factors which may affect the results 
of  the other tests. Therefore the results of  this study 
specify the actual prevalence of  adult-type hypolactasia 
in Russia. An investigation into the lactose persistent 
genotype among a northern Russian population has not 
been performed before.

Since the variants (C/G-13907, T/C-13913, T/G-13915 
and G/C-14010) nearby C/T-13910 were previously 
associated with lactase activity in southern parts of  the 
world and were not present in this study, it is possible that 
these variants are not responsible for the regulation of  
lactase activity in north-west Russia. This is in agreement 
with results obtained from other countries in northern 
Europe[23,24].

More than half  of  the study subjects did not drink milk 
and almost 45% did not drink sour milk at all. The great 
majority of  “milk-consumers” drank very small quantities 
of  milk, 1-2 glasses or less per week.  Apparently, this is 
a habitual feature of  the subjects in the study population 
and it did not depend on genotype. However, those five 
persons who drank the most milk had the lactase persistent 
genotype. Our data on the consumption of  sour milk 
confirmed the results of  previous studies which showed 
that people with lactose intolerance are more able to 
tolerate fermented milk because lactose in these products is 
reduced by 30%-40%[25].

It is well-known that people with lactase non-
persistence can consume small quantities of  milk without 
any problems[26]. The results of  our study strengthen 
this theory, even though we did not reach statistical 
significance in milk product consumption between 
the lactase persistent and non-persistent subjects. In 
summary, genotype does not affect the consumption of  
milk products in a northern Russian population which 
can be explained by low consumption of  milk products 
among the entire study population. 
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Lactase non-persistent genotype influences milk
consumption and gastrointestinal symptoms in
Northern Russians
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Abstract

Background: Milk is an important source of nutrients. The consumption of milk, however, may cause abdominal
complaints in lactose intolerant individuals. The frequency of -13910C/C genotype is known to be high among
Northern Russians, exceeding the prevalence in northern Europe. In our study we tested two hypotheses: 1)
subjects with lactase non-persistent genotype (-13910C/C) have more gastrointestinal (GI) symptoms associated
with milk 2) subjects with lactase non-persistence avoid using milk.

Methods: In total, 518 students aged 17 to 26 years were randomly selected from different departments in the
Northern State Medical University (NSMU) for genotyping the lactase activity-defining -13910C/T variant. All
subjects filled in a questionnaire covering their personal data, self-reported GI symptoms and milk consumption
habits.

Results: Northern Russians consume very small amounts of milk daily. Among carriers of the lactase non-persistent
(LNP) genotype there were 10 percentage units of milk-consumers fewer than among lactase-persistent (LP)
subjects (p = 0.03). Complaints of GI disorders caused by milk were different between the genotypes (p = 0.02).
Among all types of food analyzed only milk was associated with increased GI symptoms among subjects with the
LNP genotype (OR = 1.95, CI 1.03-3.69)

Conclusions: Subjects with -13910C/C have more GI symptoms from milk. Subjects with lactase non-persistent
genotype avoid using milk. In the case of increasing milk consumption symptoms may increase the need for
medical consultation. It is thus important either for people themselves or for health care staff to be aware of
lactase persistence/non-persistence.

Background
Milk is an important source of everyday nutrition.
Bovine milk is a rich resource of nutrients containing
lipids, proteins, amino acids, vitamins and minerals.
Such substances as immunoglobulins, hormones, growth
factors, cytokines, nucleotides, peptides, polyamines,
enzymes and other bioactive peptides are also present in
milk [1,2]. Milk has been considered a major source of
calcium as well as the simplest and most “cost-effective”
way to ingest calcium [3,4]. In that dairy products also

provide other important nutrients, their consumption
improves the nutritional quality of the diet appreciably
[4,5].
This notwithstanding, the consumption of milk has

decreased over the last decade in Northern Europe [1,5].
Data on milk consumption in Russia in recent years
have been very limited and available only from market
analyses, which show a decrease in milk consumption in
some regions of country [6]. Consumption is low among
young Northern Russians [7]. The above-mentioned
properties of milk make it important for everyday nutri-
tion, especially for children. Recently a national pro-
gram, “School milk”, aimed to supply schoolchildren
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with the essential amount of milk daily, has been imple-
mented in Russia [8].
Adult-type hypolactasia, characterized by the down-

regulation of lactase enzyme activity in the intestine
during human growth, is inherited as an autosomal
recessive trait [9,10]. The first genetic variant associated
with adult-type hypolactasia, a one-base polymorphism
C > T -13910 (rs 4988234) upstream of the lactase
encoding gene on chromosome 2, was identified in 2002
[11]. This -13910 C/T is the most common variant of
lactase persistence among Caucasians [12]. Several other
population-specific variants nearby have been identified,
some of them only suggestive [13-16]. The -13910C/T
has been shown to be located in the OCT-1 binding site
and acts as an enhancer. Nowadays the genotyping can
be used as the test for adult-type hypolactasia with
100% specificity in cases of unspecific abdominal com-
plaints [17,18].
Milk contains disaccharide lactose, which may cause

gastrointestinal problems in adults by reason of its poor
digestion in part of population. In Northern Europe lac-
tase persistence is common, which allows the majority
of the population to drink milk without any conse-
quences [19]. However, in populations where the fre-
quency of the lactase persistent genotype is rather low
the consumption of milk may cause complaints in the
digestive tract [20]. The development of symptoms
depends on the amount of milk consumed as well as on
individual sensitivity. It has been shown that subjects
with hypolactasia can tolerate moderate quantities of
milk, up to 12 g of lactose/200 ml of milk. If the daily
dose of lactose is consumed in small portions and also
with a meal, the likelihood of symptoms is low [20-22].
The most common gastrointestinal (GI) symptoms

which characterize intolerance to lactose are flatulence,
diarrhea, gurgling, abdominal distension and abdominal
cramping [22-24]. The appearance of symptoms is
clearly explained by mechanism of lactose utilization.
Lactase-phlorizin hydrolase splits the entering lactose
into two monosaccharides, glucose and galactose. The
lack of lactase activity leads to intake of indigested lac-
tose into the bowel. The osmotic effect causes diarrhea
[25], while an increased level of fermentation in the
intestine leads to increasing production of gases and
thus to flatulence [26,27].
The prevalence of adult-type hypolactasia (lactase non-

persistence, -13910C/C) among Northern Russians has
been found to be 35% [7]. It has also been shown that the
prevalence of the -13910C/C genotype among Russians
living in the central part of the country ranges from 36 to
50% [28,29]. This frequency is twice as high as in Finland
and many times higher compared with other Scandina-
vian countries [30-33]. It also exceeds the prevalence of
the -13910C/C genotype among Estonians [34].

Recent studies have shown that subjects with intoler-
ance to lactose tend to reduce their consumption of
milk, which is predictable as far as they suffer from
symptoms after milk consumption [31,35-38]. In our
previous study [7] subjects showed no differences
between genotypes in the frequency of GI complaints
during life. We found, however, that the consumption of
milk is extremely low among the Northern Russian
population compared with other Northern populations.
Does milk consumption influence the appearance of GI
symptoms in a population with a high frequency of the
lactase non-persistent genotype but with very low con-
sumption of milk on the whole?
In the present study we sought to test two hypotheses:

1) subjects with lactase non-persistent genotype
(-13910C/C) possibly have more gastrointestinal symp-
toms associated with milk 2) subjects with lactase non-
persistence avoid using milk.

Methods
Study population
Students aged 17 to 26 years were randomly selected for
this investigation from different departments in the
Northern State Medical University (NSMU) during the
period from 2006 to 2008. Blood samples (n = 241) or
buccal samples (n = 277) were taken from 518 subjects
in total for the genotyping of the lactase activity-defin-
ing -13910 C/T variant.
The first group were recruited during the period 2006-

2007 and blood samples were drawn for the genotyping.
The second group were recruited during the period
2007-2008 and buccal samples were taken for the same
purpose. The mean age for whole group was 19.8 ±
1.72. Women represented 78.2% of all participants. Both
groups of students were similar with respect to distribu-
tions of age and gender.
For randomization we used the official list of students

of the NSMU. Since there are 16 faculties in the Univer-
sity and each has 10 to 12 groups of students we took
for our study every third group from every fourth
faculty.
The study was approved by the Ethics Committee of

the NSMU (No 08/06 from 29.11.2006). All subjects
gave their informed consent to participate.

Analyses of genotype
Blood samples were genotyped at the Department of
Medical Genetics, University of Helsinki. Buccal samples
were genotyped at the Forensic Laboratory in the Uni-
versity of Tampere.
Genotyping of blood samples was performed as pre-

viously described [11]. DNA was amplified by polymer-
ase chain reaction (PCR). We used Taq polymerase
(Dynazyme, Finnzymes, Espoo, Finland) with the
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conditions described elsewhere. The forward primer
used was 5’-CCTCGTTAATACCCACTGACCTA-3’ and
the reverse primer was 5’-GTCACTTTGATATGATGA-
GAGCA-3’, which cover about 400 bp regions on both
sides of the C/T-13910 variant. The PCR product was
verified by 1.5% agarose gel electrophoresis (with ethi-
dium bromide). The PCR products were purified using
Shrimp Alkaline Phosphatase (USB) and Exonuclease I
(New England Biolabs) at 37°C for 60 min and at 80°C
for 15 min.
In sequencing, a BigDye 3.1 terminator (Applied Bio-

systems) was used according to the manufacturer’s
instructions. Sequencing conditions were as follows: at
96°C for 1 min, then 25 cycles at 96°C for 10 s, at 55°C
for 5 s and at 60°C for 4 min. The sequencing reaction
followed purification on Millipore Multiscreen plates
(Millipore, USA) with Sephadex G-50 Superfine sephar-
ose (Amersham Biosciences, Sweden), electrophoresis by
ABI 3730 DNA Analyzer (Applied Biosystems) and base
calling by Sequencing Analysis 5.2 software (Applied
Biosystems). The sequence obtained was analyzed using
Sequencher 4.6. software (Gene Codes, USA).
The polymorphism of lactase persistence/non-persis-

tence SNP rs4988235 from buccal samples was deter-
mined by TaqMan Human Custom Genotyping Assay
from Applied Biosystems. The assay was performed
according to the instructions provided with the assay
with an ABI Prism 7900 HT sequence detection system
(AppliedBiosystems, California, USA).

Questionnaire
All subjects gave written informed consent and filled in
a questionnaire covering their personal data, self-
reported condition of health, GI symptoms and milk
consumption habits. We used the questionnaire with
permission from Sahi [10].
Gastrointestinal symptoms were estimated by the

question “Have you ever experienced the following
symptoms and in what frequency?” The question was
not intended to clarify the connection between milk
consumption and symptoms. The various answers were
“Every day”, “At least once per week”, “Every second
week”, “Sometimes”. If the participant had never had the
symptom the item was left blank. We classified the
answer “Sometimes” together with no symptoms into
one group and marked it “Without GI symptoms”. The
second group included the remaining variables and was
taken for analyses of differences between genotypes.
The influence of food on the appearance of GI disor-

ders was estimated by the question “Do you have any
GI disorders if you consume the following types of
food?” where six types of food being included. Subjects
were asked to put “Yes” or “No” opposite every type of
food.

In the last part of the questionnaire subjects were
asked to define their everyday milk product consump-
tion from 0 to more than 5 glasses per day. The choices
were “Not at all”, “1-2 glasses”, “3-5 glasses” and “More
than 5 glasses” of milk/sour milk per day. There was
also an option to declare consumption less than 1-2
glasses per day for those who consumed milk very
rarely. For the analysis we classified all answers into two
groups: less than daily milk consumption or none and
daily milk consumption.
Comparison was made between the lactase non-persis-

tent group (-13910C/C) and the lactase persistent group
(-13910C/T and -13910 T/T) for all the above-men-
tioned questions.

Statistical analysis
The difference between genotype groups in milk con-
sumption and others were tested by c2 test. Odds ratios
(OR) with 95% confidence interval (CI) for -13910C/C
genotype in the logistic regression analysis were calcu-
lated for gastrointestinal symptoms in total and symp-
toms after several types of food, and for volume of milk/
sour milk consumption. Statistical analyses were per-
formed with SPSS version 15.0 (SPSS Inc. Chicago, IL,
USA).

Results
The prevalence of the -13910C/C genotype (lactase non-
persistence, LNP) among 518 young students from
North-West Russia was found to be 35% (n = 180)
while the -13910C/T genotype was found in 46% and
-13910T/T in 19% of participants.
About sixty percent of all subjects reported GI symp-

toms (Table 1). The most frequent symptom was sto-
mach-ache. However, no statistically significant

Table 1 The frequency of gastrointestinal symptoms (GI)
among young people with lactase-persistent/non-
persistent genotype (Question “Have you ever
experienced the following symptoms?”)

Lactase non-
persistence
C/C-13910
(n = 180)

Lactase
persistence
C/T and T/T-

13910
(n = 338)

GI symptoms n % n % p

Stomach-ache 93 51.7 176 51.9 1.00

Regurgitation 23 12.8 42 12.4 0.89

Flatulence 17 9.4 38 11.2 0.65

Heartburn 14 7.8 23 6.8 0.72

Nausea 13 7.2 25 7.4 1.00

Diarrhea 3 1.7 12 3.5 0.28

Without GI symptoms 74 41.1 142 42.2 0.71
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differences were revealed in the frequency of gastroin-
testinal symptoms in total between the LP and LNP
genotype groups. The study brought out no statistically
significant differences in symptom appearance between
male and female participants.
The majority of subjects consumed very small

amounts of milk daily. Only about 40% of all partici-
pants used milk every day. Almost 50% did not use milk
at all and 13% reported consumption of milk more sel-
dom than daily (Table 2). Among carriers of the LNP
genotype there were 10 percentage units fewer milk-
consumers in comparison with the LP group (32.2 and
42.0%). The differences were statistically significant (p =
0.03). Sour milk consumption did not show significant
differences in symptoms between LP and LNP subjects.
Milk consumption was associated with GI disorders in

13.3% of subjects with the LNP genotype and in 7.1% of
subjects with the LP genotype (Table 3). Complaints of
GI disorders caused by milk consumption were different
between the genotypes (p = 0.02).
Among all types of food analyzed only milk resulted in

statistically significant differences in symptoms between
LP and LNP subjects (OR = 1.95, CI 1.03-3.69) (Table
4). In regression analysis there was no connection
between consuming food and the appearance of symp-
toms except in milk consumption.

Discussion
Young Northern Russians consume very small amounts
of milk daily. However, among LNP genotype carriers
there are even less milk-consumers than among LP sub-
jects. Our findings demonstrate that milk is the only
type of food having an influence upon the appearance of
GI disorders differently by genotype. We may conclude
that subjects with lactase non-persistence (-13910C/C)
have more symptoms from milk. Subjects with lactase
non-persistent genotype avoid using milk.
Sour milk consumption brought out no differences

between the genotypes. This is in accord with the pre-
vious proved finding that sour milk is better tolerated
than milk by persons with lactose intolerance [21,39].
Sour milk contains less lactose as a result of bacterial
fermentation.

All students recruited for this study were considered
healthy. However, only forty per cent of them did not
report any GI symptoms and half of them reported sto-
mach-ache, which was the most frequent symptom
among all subjects without links to genotype. Possibly
this finding requires further investigation of student
health to clarify the causes of the frequent GI disorders
among a healthy young population.

Table 2 Milk consumption by genotype

Consumption
of milk

Lactase non-
persistence
-13910C/C
(n = 180)

Lactase persistence
-13910C/T and

-13910T/T
(n = 338)

n % n %

Less than daily or none 122 67.8 196 58.0

Daily 58 32.2 142 42.0

Total 180 100 338 100

Table 3 The frequency of GI disorders connected to
different food stuffs (Question “Do you have any GI
disorders if you consume the following types of food?”)

Type of food Lactase non-
persistence
-13910C/C
(n = 180)

Lactase persistence
-13910C/T and

-13910T/T
(n = 338)

p

n % n %

Fatty 56 31.1 120 35.5 0.33

Fried 43 23.9 69 20.4 0.37

Milk 24 13.3 24 7.1 0.02

Sour milk and kefir 16 8.9 17 5.0 0.09

Vegetables 10 5.6 14 4.1 0.51

Fruits 7 3.9 19 5.6 0.53

Any other food 28 15.6 52 15.4 1.00

Not any food 88 47.6 174 51.6 0.74

Table 4 Odds ratios (OR, 95% CI) of the lactase non-
persistent genotype (-13910C/C) in the logistic regression
analysis for gastrointestinal symptoms, symptoms after
some food and milk consumption.

GI symptoms OR
(95% CI)

Diarrhea 2.12 (0.58 - 7.76)

Flatulence 1.17 (0.62 - 2.21)

Nausea 1.04 (0.50 - 2.14)

Stomach pain 1.00 (0.68 - 1.46)

Regurgitation 0.98 (0.53 - 1.76)

Heartburn 0.82 (0.39 - 1.71)

Symptoms after some food

Milk 1.95 (1.03 - 3.69)

Sour milk and kefir 1.61 (0.75 - 3.43)

Fried 1.61 (0.97 - 2.67)

Vegetables 1.25 (0.52 - 3.00)

Any other food 1.02 (0.59 - 1.75)

Fatty 0.68 (0.43 - 1.07)

Fruits 0.52 (0.20 - 1.31)

Milk product consumption

Milk 1.51 (1.04 - 2.17)

Sour milk 1.10 (0.76 - 1.60)

Statistically significant differences are presented in bold face.
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Regarding other populations it was shown that only
flatulence occurs significantly more frequently among
LNP subjects [39,40]. Jussila and associates [41] showed
that loose stool was a more frequent symptom in sub-
jects with selective lactose malabsorption.
The northern Russians use very small amount of milk

daily. However LNP subjects use less milk than people
with LP genotype. Such a self-prescribed reduction is in
agreement with a study in Finnish children with the
-13910C/C genotype, who naturally diminished their
usage of milk [31] and also with a study in children of
other ethnicities [42]. It was also shown that other age
groups also tend to reduce their milk consumption
because of the appearance of symptoms after milk
[24,38].
It is possible to assume that the low rate of symptoms

was partly related to the low milk intake in our study
population. It is likely even if the prevalence of adult
type hypolactasia in the study population is as much as
35% and low milk consumption is reported symptoms
appear less probably than in other populations. Another
explanation for the low rate of symptoms may be the
age of lactase activity down-regulation. Since there are
no studies estimating the age of decline of enzymatic
activity in Russians there is a slight possibility that this
group was too young to demonstrate differences in GI
disorders.
Vast majority of our randomly selected students were

from North-West Russia [7]. Based on the farming his-
tory, this area was determined in Soviet Union as milk
production area. The region has still been considered as
one of the country’s milk and meat production areas.
The gene-culture co-evolution between cattle milk
genes and humans lactose tolerance has been verified
for North Central Europe [43] and it seems to be also in
north-western part of Russia.
Since milk is an important source of nutrients there

are numerous studies aimed to demonstrate the advan-
tages and disadvantages to milk restriction or elimina-
tion from the diet. The lack of milk in nutrition in the
young population is strongly associated with decreased
bone mineral density and leads to osteoporosis in older
age [42]. Precise statistic data of prevalence of osteo-
porosis among the Russian population are lacking. How-
ever, it is obvious that osteoporosis as well as a higher
risk of bone fractures connected with it is an actual pro-
blem for Russia [44]. Building peak bone mass during
childhood and adolescent can be the best means of pre-
venting osteoporosis in older age.

Conclusions
It is surely warranted to increase milk consumption
among the Russian population by providing a federal
program. The benefits from an increase in milk

consumption are obvious. At the same time our study
has shown that lactase non-persistent subjects have
higher frequency of GI disorders even in population
with very small amount of milk consumed. It may be
predicted that in the case of increasing milk consump-
tion symptoms may appear more frequently and may
increase the need for medical consultation and care. It
is therefore important either for people themselves or
for health care staff to be alert to lactase persistence/
non-persistence.
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 Abstract 
  Background.  Adult-type hypolactasia (lactase non-persistence) is a common cause of gastrointestinal symptoms. Several 
DNA sequence variants have been identifi ed for the lactase-persistence/non-persistence (LP/LNP), the most common being 
the C to T residing -13910 bp upstream of the lactase gene (LCT). We have analysed sequence variants of LP/LNP in 
subjects originating from Northern Russia.  Methods.     A total of 148 subjects with gastrointestinal complaints were geno-
typed covering about 400 bp around the -13910C/T variant using direct PCR-sequencing. All patients were interviewed 
about milk-related symptoms using the questionnaire. Disaccharidase activities were measured from intestinal biopsy 
specimens of the index person.  Results.     The prevalence of the -13910C/C genotype among 148 patients was 28.4%. A 
G to A variant residing 13914 bp upstream from the LCT gene (-13914G � A) was identifi ed in one participant carrying 
the -13910C/C genotype. In two biopsy specimens her lactase activity was above the generally accepted cut off level for 
adult-type hypolactasia, 10U/g protein. Three other family members also carried the -13914G � A genotype. Among eight 
family members fi ve had the LNP genotype -13910C/C.  Conclusion.     A rare variant G to A residing 13914 bp upstream 
of the LCT gene was identifi ed in a subject carrying the more frequent variant -13910C/C. The -13914G � A variant in 
heterozygous state was associated with increased lactase activity, suggesting that the increased lactase activity is most likely 
to be associated with the -13914G � A variant. Further studies need to be done to confi rm the functional role of this 
variant.  

  Key Words:   Disaccharidase activity  ,   family study  ,   genotype  ,   hypolactasia  ,   lactose intolerance   
  Introduction 

 Adult-type hypolactasia is a normal condition inherited 
as an autosomal recessive trait [1]. The prevalence of 
this normal phenomenon varies between ethnic 
groups and populations [2 – 4]. 

 Different methods can be used for the diagnosis 
of adult-type hypolactasia but the lactose tolerance 
test (LTT) and breath hydrogen test (BHT) have 
been most commonly used. The disadvantages of 
these tests are that they are inaccurate [5,6] and 
time-consuming both for the patient and for the 
laboratory personnel. As a reference method the 
direct determination of lactase activity in the small 
intestinal mucosa, taken by biopsy, has been the 
      Correspondence: Yulia Khabarova, Department of Family Medicine, Northern S
655194. Fax:  � 7 (8182) 263226. E-mail: YuliaKaterina@rambler.ru, Yulia.Khab
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method of choice [5]. But the invasiveness of this 
method restricts its application in everyday practice 
and screening. 

 In 2002 the genetic variant associated with adult-
type hypolactasia, a one base pair polymorphism 
-13910C/T (rs 4988234) upstream of the lactase 
coding gene on chromosome 2 was identifi ed [7]. 
The -13910C/T variant is located in the OCT-1 
binding site and acts as an enhancer [8]. Whereas the 
variant is inherited recessively the C-13910 allele in 
a homozygous form (-13910C/C genotype) is associ-
ated with adult-type hypolactasia and the T-13910 
allele (-13910C/T and T/T genotypes) with persis-
tent lactase activity [7,9,10,11]. Recently other 
tate Medical University, Troitsky pr.51, Arkhangelsk, Russia. Tel:  � 7 (8182) 
arova@uta.fi   
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 variants (-13907C � G, -13908C � T (rs4988236), 
-13913T � C,  — 13915T � G and -14010G � C) nearby 
to -13910C � T were identifi ed in African and Arab 
populations [12,13 – 15]. Of them -13915T � G has 
been shown to correlate with lactase activity [14] and 
-14010G/C with lactase persistence [13]. 

 The -13914G � A variant has been described 
twice [16,17]. The fi rst case originated from 
Germany although ethnicity of this male was not 
clear from the report. The patient was investigated 
because of symptoms of hypolactasia. Another one 
was an Austrian man. In both cases no other tests to 
determine lactase persistence/non-persistence (LP/
LNP) were carried out. 

 Only one variant of the LP/LNP genotype 
-13910C/T has been identifi ed in European popula-
tions. We have previously shown that this variant is 
also the most common among Northern Russian 
populations [4]. 

 Here we report that the rare G to A nucleotide 
variant residing 13914 base pairs upstream of 
the lactase gene is correlated with disaccharidase 
activities.   

 Materials and methods  

 Study material 

 Blood samples for the assessment of prevalence of 
LP/LNP genotype were collected from 148 patients 
referred to medical consultation with the gastroen-
terologist of the Northern State Medical University 
(NSMU), Archangelsk, due to various abdominal 
complaints. All subjects completed a questionnaire 
on their personal data, self-reported health status, 
milk consumption habits, ethnicity and their place of 
birth as well as their parents ’  and grandparents ’  place 
of birth. The study was approved by the Ethics Com-
mittee of NSMU (No. 08/06 from 29 November 
2006 and additional approval for family study No. 
07/08 from 9 June 2008).   

 Case report 

 The index case is a 58-year-old female who was 
referred to the gastroenterologist because of stomach 
pain. She had stomach bleeding caused by a stomach 
ulcer one year before the visit. The patient had been 
taking anti-infl ammatory drugs and corticosteroids 
for several years because of rheumatoid arthritis. She 
had been operated on 12 years previously for renal 
carcinoma.   

 Methods 

 We interviewed the patients about milk-related symp-
toms using the questionnaire designed by Sahi 
[18,19], having added information about ethnicity. 
 Genotyping was performed as described previ-
ously [7]. DNA was amplifi ed by polymerase chain 
reaction (PCR). Shortly, a 400 bp region covering 
the -13910C/T variant was amplifi ed and sequenced 
on both directions using the BigDye 3.1 terminator 
(Applied Biosystems) according to the manufactur-
er ’ s instructions with an ABI 3730 DNA Analyzer 
(Applied Biosystems) and base calling using the 
Sequence Analysis 5.2 software (Applied Biosys-
tems). The results were analysed by Sequencher 
4.1.4 software (Gene Codes, USA).   

 Analysis of disaccharidase activities from an intestinal 
biopsy specimen 

 The index person was referred for an endoscopy 
investigation of her stomach because of ulcer anam-
nesis and abdominal complaints. After the informed 
consent, two biopsy specimens were taken from the 
distal duodenum of the index person for the mea-
surement of disaccharidase activities. These samples 
were immediately wrapped into parafi lm, put in an 
air-tight tube and frozen at  – 60 ° C. Then the tubes 
were transferred in dry ice to the scientifi c laboratory 
of the Hospital for Children and Adolescents, Uni-
versity of Helsinki. The measurement of dissacchari-
dase activity was done by the method of Dahlqvist 
[20], originally described by Launiala et al. [21]. The 
commercial preparation of disaccharidases (Sigma 
G-5003. I-4504 and G5160) was used as a positive 
control. The test was modifi ed for smaller volumes 
compared to the original report and was done on 
microtiter plates.   

 Investigation of the index person ’ s family 

 After the investigation of the index person, we 
invited all available family members to the study to 
determine the inheritance of the new variant of LP/
LNP genotype. They all fi lled in the questionnaire 
and gave an informed consent. Blood samples for 
genotyping were taken from eight adult family 
members. We were not allowed to take blood for 
genotyping from children (V/19 and V/20 in the 
Figure 1).    

 Results 

 The prevalence of the -13910C/C genotype among 
148 patients was 28.4%, and the prevalence of the 
-13910C/T and the -13910T/T genotypes 52% and 
19.6% respectively. In one of the participants (index 
person) a G to A variant residing 13914 bp upstream 
from the LCT gene (-13914G � A) was identifi ed. 
Her genotype at position -13910 was -13910C/C. 

 The results of disaccharidase activities of the 
index person are shown in Table I. The -13914G � A 
variant was associated with increased lactase acti vity 
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in the index person ’ s two independent biopsy speci-
mens. In both samples lactase activity was  � 10U/g/
protein, that has been shown to be the cutoff point 
for adult-type hypolactasia [10,11,14]. In both spec-
imens the lactase/sucrase ratio was decreased, while 
the absolute value for lactase activity was increased 
[9,10,11,14]. The disaccharidase activities associated 
with the -13914G � A are of the same range as in the 
carriers of the -13910C/T and -13915T/G variants 
[10,11,14]. As the index person has non-persistent 
genotype at -13910 locus, it can be supposed that the 
A-13914 allele is related to the increase in lactase 
activity. 

 We then genotyped the DNA obtained from other 
family members to determine the inheritance of their 
lactase persistent/non-persistent genotypes (Figure 1). 
Among eight family members whose DNA was avail-
able for genotyping fi ve had the lactase non-persis-
tent genotype -13910C/C. The rest of them had the 
-13910C/T variant. None of the family members 
carried the -13910T/T variant. The -13914G � A 
variant was also present in the mother (II/ 5 in 
Figure 1) and sister (III/9) of the index person. The 
daughter of the individual III/9 also carried 
-13914G � A. Unfortunately no DNA was available 
from the deceased father. 

 All family members consumed very small amounts 
of milk daily (less than 1 glass per day) independent 
of the genotypes. They reported consuming other 
dairy products rather than milk itself, but also in 
amounts not more than 2 glasses per day. Neither the 
index person nor another carrier of -13914G � A had 
reported problems from milk consumption. How-
ever, the index person ’ s second sister (III/11) and her 
son (IV/18), who are both carriers of lactase non-
persistent genotype -13910C/C without -13914G � A 
variant, reported gastrointestinal problems related to 
milk ingestion. 

 All investigated family members were of Russian 
origin, and were born in North West Russia. It is 
known that the grandparents of the index person were 
also of Russian origin except for the grandfather from 
her mother ’ s side who originated from Poland.   

 Discussion 

 The most common -13910C/T variant associated 
with lactase persistence/non-persistence was also the 
most common in this study population [4]. Screen-
ing of 148 patients with gastrointestinal problems 
resulted in the identifi cation of a rare variant G to A 
residing 13914 bp upstream of the LCT gene in one 
female patient. In two biopsy specimens her lactase 
activity was above the generally accepted cut off level 
for adult-type hypolactasia, 10U/g protein. 

 From eight family members who were available 
for genotyping, two carried the same genotype 
(-13910C/C and -13914G � A). These were the 
mother and sister of the index person. The index 
person ’ s niece also had the rare variant -13914G � A 
together with the -13910C/T variant of lactase 
 persistence. While none of them had gastrointestinal 
symptoms and were all living in other parts of Russia 
we were not able to take biopsies from them. 

 The -13914G � A variant has previously been 
described twice. First, in a 37-year-old male patient 
who had symptoms of adult-type hypolactasia. He 
was heterozygous for the -13910C/T variant. The 
ethnic origin of this patient was not clear from the 
report, but he was examined in Germany [16]. 
Another 40-year-old Austrian male had also been 
  

Figure 1.     The pedigree of the family and its lactase haplotypes using the -13910C/T and 13914G � A sequence variants. The female index 
person (III/8) is marked by an arrow.  
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determined as a carrier of this novel -13914G � A 
variant [17]. In both cases no other tests to deter-
mine lactase persistence/non-persistence were car-
ried out. The index person ’ s grandfather originated 
from Poland giving a 25% possibility that this new 
variant came from Central Europe. Interestingly, the 
other cases with the -13914G � A variant were from 
Germany and Austria [16,17]. It seems that the 
-13914G � A is rarely found among European popu-
lations but its origin remains to be studied. 

 All family members reported to consume a max-
imum of 1 – 2 glasses of milk products per day. This 
fact is in accordance with the results of our previous 
study [4] where we showed that Northern Russians 
use surprisingly small amounts of milk. In this fam-
ily, the index person as well as other carriers of the 
-13914G � A variant belongs to milk consumers 
whereas other family members with the lactase non-
persistent genotype -13910C/C and the absence of 
the -13914G � A variant do not use milk products at 
all because of gastroenterological problems. This in 
fact could contribute to the assumption that the 
-13914G � A variant is responsible for the rise of 
lactase activity that allows the subjects to tolerate 
lactose. 

 In conclusion, the -13914G � A variant is the 
third variant of lactase persistence and seems to cor-
relate with lactase enzyme activity. The fi nding fur-
ther confi rms that the region containing the 
aforementioned variants is a regulatory region for the 
lactase gene.   
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Objectives. The frequency of adult-type hypolactasia (lactase non-persistence) varies widely among different

ethnic groups. The cultural historical hypothesis assumes a link between the occurrence of hypolactasia and

the distribution of dairy farming. The nomadic Nenets have been reindeer herders for generations and have

therefore not consumed any dairy products. The hypotheses here was that the prevalence of lactase non-

persistence (�13910 C/C genotype) among Nenets people having four Nenets grandparents is high, while the

prevalence among Nenets originating from ethnically mixed families is lower.

Study design. The material was collected in four typical Nenets settlements in the Nenets Autonomous Okrug

in Russia. One-third of the adult Nenets population were invited to answer a questionnaire and to donate

buccal samples for genotyping by a doctor from the team of medical professionals who make rounds in this

area. The total number of available participants was 177.

Methods. Genotyping was performed with the AbiPrism system. We used the method of concordance of

grandparents’ national origin to ascribe ethnicity.

Results. The prevalence of adult-type hypolactasia (�13910 C/C) among Nenets who had four Nenets

grandparents was found to be 90%. The figures among others reporting three, two and one grandparent of

Nenets origin were 72, 60 and 28%, respectively.

Conclusion. The findings are in accord with the cultural historical hypothesis.
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A
dult-type hypolactasia (lactase non-persistence)

is a widespread phenomenon and its prevalence

varies considerably in different ethnic groups.

The cultural historical hypothesis, suggested by Simoons

(1) and elaborated by McCracken (2), associates the

occurrence of hypolactasia with dairying history. Popula-

tions traditionally keeping dairy cattle and thus favouring

milk products in their diet had an advantage to survive.

Such populations would presumably have more children

than those with lactase non-persistence (3). The mutation

appearing here provided an opportunity to lactase

activity to persist among a certain number of people.

The duration of the dairy farming tradition also con-

tributes to differences in the prevalence of lactose

intolerance among different ethnicities. Amplification of

the cultural historical hypothesis was proposed by Flatz

and Rotthauwe (4), who assumed that the high preva-

lence of lactose tolerance in European populations was

due to the ability of lactose to enhance calcium absorp-

tion in an environment with low insolation and a low

dietary supply of vitamin D. Those with the ability to

digest lactose absorbed calcium better, had less rickets,

less pelvic deformity and more children. The hypothesis

was named the calcium absorption hypothesis. Cook (5)

proposed that in highly arid environment lactose tolerant

individuals have had an increased survival rate due to

active absorption of monosaccharides and water from

milk. This advantage helped them to survive in cholera

epidemics and other severe gastrointestinal diseases

common in the tropics. Nowadays the hypothesis that
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lactose optimises calcium absorption in regions of lower

ultraviolet radiation has been further developed and

supported (6). This same hypothesis associates the

distribution of the lactase persistence genotype with

climatic conditions.

Simoons (1) mentions the reindeer-keeping northern

European groups as one of the known still non-

milk-drinking tribes. The Nenets are one of such nomadic

and reindeer-keeping group, reindeer herding still being

regarded as the cultural core of the Nenets identity (7,8).

These nomadic groups had no opportunity of selection to

benefit from retention of high levels of intestinal lactase,

since they had never consumed dairy products. Although

a small amount of deer milk might be available to

nomadic people, the Nenets are mentioned as one of

the tribes who had not practiced milking at all (9). They

first had the opportunity to use dairy products in the

third decade of the 20th century when they were being

assimilated into the general population (7,8) and when

the first cattle farms were organised on Nenets lands

(10).

The indigenous northern populations have previously

been studied to investigate the prevalence of hypolactasia

using different laboratory methods, mostly the lactose

tolerance test. Findings have shown the frequency of

hypolactasia to have been relatively high in indigenous

groups in the northern territories of Russia (11,12)

compared with other European populations as well as

with other ethnic groups in Russia and the Russians

themselves (13,14). The prevalence of adult-type hypo-

lactasia among northern Russians has been shown to be

35% (15).

Hypolactasia is inherited recessively (16,17). Since 2002,

when the genetic variant associated with adult-type

hypolactasia, a one-base polymorphism �13910 C/T

upstream of the lactase-coding gene chromosome 2 was

identified (18), the genetic test has been the method of

choice for diagnosis. The C-13910 allele in homozygous

form is always associated with adult-type hypolactasia

and the T-13910 allele (�13910 C/T and �13910 T/T

genotype) with lactase persistence (19) in European

populations.

There are several terms used in the context of lactase

deficiency. Hypolactasia implies very low lactase activity

in the intestinal mucosa. Lactose malabsorption refers to

a poor capacity to hydrolyse lactose to glucose and

galactose, which can be absorbed in the intestine. Lactose

intolerance implies the appearance of symptoms after

lactose indigestion (20). Genotyping has previously

been used in 2 Russian studies of hypolactasia among

indigenous populations (14,21).

The prevalence of lactose malabsorption among

Nenets from Siberia has been studied and found to be

88% (22), but no genetic study of this population has

been performed previously. As the Nenets lifestyle has

remained unchanged over the years, we tested the

hypothesis that the prevalence of lactase non-persistence

(�13910 C/C genotype) among Nenets people having

four Nenets grandparents is high, while the prevalence

among Nenets originating from ethnically mixed

families is lower.

This study follows a serie of investigations of Finno-

Ugrian populations, the aim being to investigate the

impact of ethnic background on the prevalence of adult-

type hypolactasia among the Nenets.

Material and methods
The concept of ethnicity implies one or more of the

following: shared origin or social background; shared

culture or traditions which are distinctive, maintained

between generations, and lead to a sense of identity and

group; and a common language or religious tradition

(23). The method of concordance of grandparents’

national origin to ascribe ethnicity was used in the

present study. The term ethnicity is used in the biological

sense.

Material collection
Collection of material was made in four settlements of

the Nenets Autonomous Okrug (NAO), Archangelsk

Region, where the indigenous Nenets live (Fig. 1, (24)).

The Nenets represent 15.2% of the whole population of

the NAO, where other ethnicities including Komi and

Russians are also settled (25).

The main occupations of the inhabitants of the four

settlements are reindeer husbandry, hunting, fishing and

also in one case cattle farming. These settlements are thus

typical for Nenets living conditions and the sample here

can be considered representative for the whole nomadic

Nenets population. According to official information, the

total number of adult Nenets in these settlements was

493. Of these 42.6% were male and 57.4% female aged

from 19 to 80 years old (Table I).

Since there are no primary health care centres in many

of the settlements in the NAO a team of medical

professionals make rounds in this area. The GP from

this team has an official list of Nenets obtained from the

local administration. For the present study every third

person was selected from this list and requested to answer

a questionnaire and donate buccal samples for geno-

typing. If a selected person was absent from the settle-

ment when the study was performed, the following

person on the list was invited to participate. Men were

absent more often than women. There were thus 181

participants for the final analysis.

Sample description
All selected subjects were informed of the aim of the

study and gave written informed consent before partici-

pation and provided information on their ethnicity and

place of birth as well as the ethnicity and place of birth of
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their parents and grandparents. Buccal samples for

genotyping were taken from all 181 subjects. However,

while all of them considered themselves Nenets, accord-

ing to the grandparents’ ethnicity only 91 (50.3%)

were accepted as native Nenets having all four of their

grandparents of Nenets origin. Those with 1, 2 or 3

Nenets grandparents (90 in total) were also taken for

comparison.

In the process of genotyping the buccal samples, four

samples remained undetermined. Three of them were

from females aged from 42 to 61 years old, and one was

from a 33-year-old male of mixed ethnicity. Two of the

females were of native Nenets origin, having four Nenets

grandparents. Thus, 89 people of clear Nenets origin aged

19�80 years old (mean 45.8), of whom 91.0% were female

and 9.0% male (Table I), were selected for the frequency

analysis. The selection process is shown in Fig. 2.

The study was approved by the Health Care Depart-

ment of the NAO and the Ethical Committee of the

Northern State Medical University, Arkhangelsk, Russia

Table I. Characteristics of the study population (n �493) and participants (n �177) by gender and age

Participants

All Nenets inhabitants of

particular settlements 4 Nenets grandparents

Less than 4 Nenets

grandparents

n % n % n %

Gender

Male 210 42.6 8 9 8 9

Female 283 57.4 81 91 80 91

Age distribution

19�40 221 44.8 35 39 45 51

41�60 200 40.6 39 44 33 38

61�80 72 14.6 15 17 10 11

Total 493 100 89 100 88 100

Fig. 1. Map of the Nenets Autonomous Okrug. There are 4 settlements of residence of the study population.

Lactase non-persistence in Nenets
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(No. 09/10, 2010). The study was conducted in accor-

dance with the United Nations Declaration on the rights

of indigenous peoples (26).

Genotyping
The buccal samples were genotyped in the Forensic

Laboratory of the University of Tampere. The poly-

morphism of lactase persistence/non-persistence SNP

rs4988235 was determined using the TaqMan Human

Custom Genotyping Assay from Applied Biosystems.

The assay was performed with the AbiPrism 7900 HT

sequence detection system (Applied Biosystems, CA,

USA) according to the instructions provided with the

assay.

Statistical analysis
We used frequency and cross-tabulation analysis. Differ-

ences between groups were tested by x2 test. Statistical

analyses were performed with SPSS version 15.0 (SPSS

Inc. Chicago, IL, USA).

Results
The prevalence of lactase non-persistence genotype

(�13910 C/C) among Nenets having only Nenets in

two previous generations was found to be 90% (Table II).

The prevalence among others who regarded themselves as

Nenets and reported three, two or one grandparent

of Nenets origin was shown to be 72, 60 and 28%,

respectively (p B0.0001). Other grandparents were

mostly Komi (10.7%) and Russians (8.8%), followed by

Ukrainians, Byelorussians and others in single cases.

Discussion
The prevalence of adult-type hypolactasia (�13910 C/C

genotype) among the nomadic Nenets inhabiting the

Nenets Autonomous Okrug and having all parents and

grandparents of Nenets origin was found to be as high

as 90%, which is in accord with our hypothesis. The

prevalence of the lactase non-persistent genotype among

Nenets with three, two or one grandparent of Nenets

origin was lower in comparison with those having all

Nenets grandparents.

Total number of Nenets 
inhabitants in four settlements 

493 

Selected number  
181 

Genotyped 
177 

Undetermined 4

Nenets 
89 

C/C-13910 
80

C/T-13910 
5

T/T-13910 
4

Others 
88

C/C-13910 
49

C/T-13910 
31

T/T-13910 
8

Fig. 2. Flowchart of sample selection.
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The four settlements in which the collection of material

was made are typical for Nenets living conditions and can

therefore be considered representative for the whole

nomadic Nenets population. The distribution by gender

in the study group differed from that in the overall

population of the area. Compared to Nenets women,

Nenets men were absent more often from the settlements

due to reindeer keeping, fishing, hunting or for personal

reasons. However, since gender does not affect the lactase

persistent/non-persistent genotype, this fact caused no

biases. The age of participants involves no bias in the

genetic method and therefore has no effect on the results.

The findings here bring to light the actual prevalence

of adult-type hypolactasia among the indigenous Nenets,

since genotyping and the method of concordance of

national origin (23) were used for the first time to

investigate the frequency of the lactase persistence/non-

persistence genotype among this group. Genetic testing is

a highly sensitive and highly specific method of adult-

type hypolactasia (lactase non-persistence) diagnostics

(27) while the method of concordance of national origin

allows definition of the ethnicity of investigated persons.

We used the term ethnicity in the biological sense in our

study. Since all participants were of active age and

capable of understanding the questionnaire, we may

rely on the accuracy of the answers. Nenets participants

had no problems in defining the ethnicity of their

grandparents. The Nenets are traditionally careful to

preserve their ethnic features and are indubitably aware

of family and relatives. Previously published data on

lactose malabsorbtion among the Nenets have presented

a sample of 9 persons of Nenets origin from Siberia (13).

According to the lactose tolerance test, the prevalence

was estimated at 78% (7 of 9 persons). Another study

involving 108 Nenets from Siberia showed the prevalence

of lactose malabsorption among them to be 88% (22).

The prevalence of lactose malabsorption among the

Nenets as determined by indirect methods was thus

found to be high. Our present results amplify these

previously published data and enhance their accuracy

in that the genotyping has been confirmed to

correlate closely with dissacharidase activity in the small

intestine (27).

The impulse to discover differences in the prevalence of

hypolactasia among indigenous peoples derives from the

considerable variability in the frequency of lactase non-

persistence among them. So far no population with 100%

frequency of �13910 C/C genotype has been discovered.

Previously published data on the prevalence of lactose

malabsorption among indigenous groups inhabiting

different territories in the Russian Federation show the

highest prevalence to obtain among the Khants (near the

River Ob), with a figure of 94% (11). The frequency of

the C/C-13910 genotype in Komi-Permyaks was found to

be 42%, while the Chukchi have an 89% frequency of the

lactase non-persistent genotype (22). Among other arctic

populations a high prevalence of lactose intolerance in

70% investigated by lactose tolerance test was shown

among northern Alaskan Eskimos (28). Such genetic

differences in neighbouring populations can be explained

by different earlier histories.

The Nenets have traditionally never consumed cow

milk before the 20th century. Historians believe that this

group (formerly Samoyeds) split apart from the Finno-

Ugrian speaking group around 3000 BC, and then

possibly mixed with the Turkic and Altaic-speaking

group around 200 BC. Some groups settled in Siberia,

while others remained nomadic and maintained reindeer

herding and hunting, traveling long distances (7,29).

Cattle breeding is reported to have started among the

Nenets during the Soviet era, the first farms being

organised in Nenets villages in the 1930s (8,10). The

Nenets tribes have thus been isolated and more likely only

during the last 70�80 years the gene flow from neigh-

bouring populations has played a role in the prevalence

of lactase non-persistence. Those who still have mostly

Nenets forebears retain one of the highest prevalences of

adult-type hypolactasia.

Our findings support and amplify the cultural historical

hypothesis of hypolactasia. Not only the history of milk

drinking but also the gene flow from other populations

exerts an influence on the frequency of lactase non-

persistence.

Table II. Frequency of C/T-13910 genotype variants by grandparents’ origin

C/C-13910

C/T-13910 or

T/T-13910 Total

Number of grandparents

of Nenets origin n % n % n %

4 80 90 9 10 89 100

3 13 72 5 28 18 100

2 31 60 21 40 52 100

1 5 28 13 72 18 100

Total 129 73 48 27 177 100
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inheritance of adult-type lactose malabsorption. Lancet.

1973;2:823�6.

17. Sahi T. The inheritance of selective adult-type lactose malab-

sorption. Scand J Gastroenterol. 1974;30(Suppl):1�73.

18. Enattah NS, Sahi T, Savilahti E, Terwilliger JD, Peltonen L,
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