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Summary 

The iminosugar miglustat, is a treatment for some lysosomal 
storage disorders that induces gastrointestinal side effects. A 
retrospective study that evaluates two different tests to as-
sess lactose intolerance was done with the aim to determine 
whether lactose intolerance is responsible for gastrointestinal 
symptoms in patients with type 1 Gaucher’s disease. Forty 
patients with Gaucher’s disease treated or not with miglus-
tat and twenty controls. For that they ingested 50 g lacto-
se, followed by a hydrogen methane breath test. Genotyping 
and sequencing of a single nucleotide polymorphism (SNP) 
rs4988235, (CC genotype for lactase non-persistence; TC/TT 
for lactase persistence) were tested on them. Gastrointestinal 
symptoms were present in 47.6% (19/40) of patients, 35% 

(14/40) of whom had a positive hydrogen methane breath 
test; of these 14 patients, 12 patients were CC-positive and 
2 patients were TC-positive. The number of CC alleles was 
significantly greater in Gaucher’s disease patients compared 
to controls (62.5% vs. 43.8%). Of the patients who had gas-
trointestinal symptoms on miglustat treatment, 60.0% had 
the CC genotype. Conclusion. Hydrogen methane breath 
test and genotyping for SNPs could be used indistinctly to 
diagnose lactase deficiency. We have observed that not all 
gastrointestinal symptoms induced by miglustat in Gaucher’s 
disease are justified by lactase deficiency.

Key words. Breath test, Gaucher disease, lactose intoleran-
ce, polymorphism single nucleotide.

Prueba de aliento y genotipado para la 
intolerancia a la lactosa en pacientes 
con enfermedad de Gaucher tratados con 
miglustat

Resumen 

El iminoazúcar miglustat, medicamento empleado para 
tratar algunas enfermedades de depósito lisosomal, induce 
efectos adversos gastrointestinales. Se ha llevado a cabo un 
estudio retrospectivo que compara dos pruebas de diagnós-
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tico diferentes para evaluar la intolerancia a la lactosa con 
el objetivo de determinar si esta intolerancia es responsable 
de los síntomas adversos gastrointestinales en pacientes con 
enfermedad de Gaucher tipo 1. Cuarenta pacientes con en-
fermedad de Gaucher tratados o no con miglustat y veinte 
controles. Para ello ingirieron 50 g de lactosa, y a continua-
ción efectuaron la prueba de aliento de hidrógeno y metano. 
Además, se les realizó genotipificación y secuenciación de un 
polimorfismo de un solo nucleótido (SNP) rs4988235, (CC: 
no persistencia de lactasa, TC / TT: persistencia de lactasa). 
Los síntomas gastrointestinales estaban presentes en el 47,6% 
(19/40) de los pacientes, el 35% (14/40) de los cuales te-
nían una prueba positiva de aliento de hidrógeno y metano; 
de estos 14 pacientes, 12 pacientes fueron CC positivos y 2 
pacientes fueron TC positivos. El número de alelos CC fue 
significativamente mayor en los pacientes con enfermedad de 
Gaucher en comparación con los controles (62,5% frente a 
43,8%). De los pacientes que tenían síntomas gastrointesti-
nales en el tratamiento con miglustat, 60,0% tenían el ge-
notipo CC. Conclusión. La prueba de aliento de hidrógeno 
y el genotipado para SNP podrían usarse indistintamente 
para diagnosticar la deficiencia de lactasa. Hemos observa-
do que no todos los síntomas gastrointestinales inducidos por 
miglustat en la enfermedad de Gaucher se justifican por la 
deficiencia de lactasa.

Palabras claves. Test de aliento, enfermedad de Gaucher, 
intolerancia a la lactosa, polimorfismo de un solo nucleótido.

Abbreviations
SNP: single nucleotide polymorphism.
CC: genotype for lactase non-persistence.
TC/TT: for lactase persistence.
GD1: type 1 Gaucher’s disease. 
CEIC: Ethical Committee for Clinical Research.
ppm: parts per million.
PCR: polymerase chain reaction.
PPV: positive predictive value.
NPV: negative predictive value.
LBT: lactose hydrogen methane breathe test.

Type 1 Gaucher’s disease (GD1) (OMIM 230800) 
is an inborn autosomal-recessive disorder of lysosomal 
metabolism characterized by the accumulation of gluco-
cerebroside in different organs and systems. It is a con-
sequence of the deficiency in the activity of the enzyme 
glucocerebrosidase (acid b-glucosidase).1

The actual therapy of GD1 is based in the periodic 
intravenous administration of enzyme replacement thera-

py used widely since 1990. Other strategy of therapy was 
introduced in 2002 in EU with an oral inhibitor of subs-
trate accumulation (miglustat) that induce a reversible 
blocking of the enzyme glucosylceramide synthase that 
catalyses the rate-limiting stage in the glycosphingolipid 
biosynthesis pathway.2

Miglustat is a synthetic iminosugar, analogue of D-
glucose (Figure 1), is a derivative of an alpha-glucosidase 
inhibitor (N-butyl-Deoxynojirimycin). The alpha-glu-
cosidase inhibitors act like competitive inhibitors of the 
carbohydrates in need to digest by the enzymes: specifica-
lly alpha-glucosidase enzymes in the brush border of the 
small intestines. The membrane-bound intestinal alpha-
glucosidases hydrolyze oligosaccharides, trisaccharides, 
and disaccharides to glucose and other monosaccharides 
in the small intestine. Due to this, in the colon, bacteria 
will digest the non-digested complex carbohydrates and 
induce side effects such as gastrointestinal bloating and 
diarrhoea.3 
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Figure 1. Chemical formulation of N-butyl-Deoxynojiri-
mycin.

The other derivatives of alpha-glucosidase N-hydro-
xyethyl-deoxynojirimycin are oral anti diabetic drugs that 
work by preventing the digestion of carbohydrates.

Gastrointestinal side effects such as diarrhoea, flatu-
lence and abdominal pain/discomfort have been descri-
bed in more than 60% of the patients with Gaucher’s di-
sease who are treated with miglustat during clinical trials 
and in real-world clinical practice settings. These adverse 
events are generally mild or moderate in severity and oc-
curring moistly during the initial weeks of therapy, howe-
ver, they constitute the major cause of discontinuation.4 
Some studies have shown in vitro that miglustat inhibits 
intestinal disaccharidases such as sucrose, maltase, and 
also lactase.5 Furthermore, also in vivo, miglustat shows 
the ability to inhibits the digestion of maltose, sucrose, 
starch and the final hydrolysis and absorption of oligosa-
ccharides and disaccharides.6 

Functional gastrointestinal disorders (GI) are very 
common, with an incidence around 40% among general 
population.7 Up to 30% of those cases could be justified 
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by an intolerance to lactose in the meridional countries.8 
Lactase non-persistence phenotype is linked to an inhe-
rited single polymorphism trait, in the Caucasian popu-
lation, is irregularly distributed, ranging from 3 to 70% 
depending to the geographical areas in Europe. Higher 
incidence reaching up to 100% had founded in other po-
pulations such Asians.9, 10 

Nevertheless, secondary lactase deficiency is an acqui-
red and reversible form that may occurs in diseases affec-
ting large areas of the small intestinal mucosa and can be 
observed associated to several infections as tropical sprue, 
infectious enteritis, small bowel bacterial overgrowth or 
inflammatory chronic diseases as bowel disease, celiac or 
different situations as, short bowel syndrome, radiation 
enteritis, gastrointestinal surgery, drugs this situation is 
more common in countries with a high prevalence of in-
fection by intestinal parasites.9, 11, 12

Lactose malabsorption is defined as an inefficient lac-
tose digestion due to lactase non-persistence or due to 
intestinal disease, such as inflammation.13 

Lactose malabsorption exists in three different forms: 
congenital, primary, and secondary. Congenital lactase 
deficiency is an extremely rare autosomal recessive, life-
long gastrointestinal disorder, leading to watery diarrhoea 
from the first exposure to breast milk in infants.14-16 Pri-
mary lactose malabsorption, also known as adult-type hy-
polactasia or lactase non-persistence, is the most common 
phenotype found in humans and results in a decline in 
lactase enzymatic activity in the small intestine. A single 
nucleotide polymorphism (TC-13910) 14 kb upstream 
from the lactase gene locus is associated with adult-type 
hypolactasia.14, 15, 17 

The detection of the lactase gene locus -13910 C > T 
polymorphism, with CC genotype for lactase non-persis-
tence and TC and TT genotypes for lactase persistence, 
has been shown previously to be as reliable as the hydro-
gen methane breath test for predicting lactose malabsorp-
tion in European populations.18-20 

The prospective study presented here try to deep in the 
most common adverse effect induced by miglustat therapy 
and evaluate the influence of lactose intolerance and lac-
tose malabsorption, determined by non-invasive tests (hy-
drogen methane breath test and genotyping for the single 
nucleotide polymorphism rs4988235) in the development 
of gastrointestinal symptoms in patients with Gaucher’s 
disease exposed or not to therapy with miglustat.

Patients and methods
Ethical approval

The study was conducted according to a study design 
approved by the Ethical Committee for Clinical Research, 

Aragón (CEIC Aragón), Spain. The research study was 
conducted according to the Declaration of Helsinki. All 
subjects, who participated in the study, agreed to partici-
pate in the study and signed informed consents.

Subjects studied
A prospective study was designed and conducted at 

the Gaucher’s Unit of the Translational Research Unit, 
Miguel Servet University Hospital, IIS Aragon, Spain, 
between January 2013 and December 2014. The studied 
subjects included a group comprised by 40 patients with 
Gaucher’s disease, selected from the Spanish Registry 
of Gaucher’s Disease: 17 (42.5%) male patients and 23 
(57.5%) female patients, median age 45 years (range: 14-
76), and a group of 20 healthy controls: 7 (35%) male 
subjects and 13 (65%) female subjects, median age 40.5 
years (range: 23-56).

Prior to the start of the study, a detailed clinical his-
tory was recorded for each patient in both groups, in-
cluding concomitant drugs administration and type of 
therapy for Gaucher’s disease and a history of gastroin-
testinal symptoms.

Hydrogen methane breath test
The hydrogen methane breath test was performed fo-

llowing a 6-hour overnight fast. Baseline breath concen-
trations of hydrogen and methane were measured. Oral 
lactose was given at a dose of 50 g dissolved in 300 mL 
of water. The amount of exhaled hydrogen and metha-
ne was measured at 25, 50, 75, 100, 125, 150, and 175 
minutes following lactose ingestion. The breath measure-
ments of hydrogen and methane were expressed in parts 
per million (ppm).

Prior to breath testing, patients were asked to report 
clinical symptoms and to avoid eating, smoking, and 
physical efforts. Additionally, individuals who underwent 
colonoscopy or were taking any antibiotics in the fort-
night before the test were excluded from the study.20

The breath test result was considered positive if the 
hydrogen (H2) peak was > 20 ppm above the baseline 
value and/or the methane (CH4) peak was > 12 ppm 
above the baseline value in at least two sequential measu-
rements. Patients were classified as lactose malabsorbers 
if a breath hydrogen increase > 20 ppm and/or a breath 
methane increase > 12 ppm above the baseline value were 
observed within 75-175 minutes following the lactose 
ingestion. If lactose malabsorption was accompanied by 
gastrointestinal symptoms, patients were classified as lac-
tose intolerant. Lactose-dependent small intestinal bac-
terial overgrowth was considered if there was an increase 
of > 20 ppm in breath hydrogen and/or in the breath 
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methane peak of > 12 ppm above, the baseline was obser-
ved up to 75 minutes following lactose ingestion.

Gas chromatography was used to measure the hydro-
gen and methane concentrations in exhaled breath using 
the QuinTron Breath Tracker analyser (QuinTron Ins-
trument Co., Milwaukee, WI, USA). The analysis was 
performed centrally by ISOMED according manufactu-
rer protocol. ISOMED PHARMA Laboratories, Spain.

Molecular analysis
Peripheral venous blood samples were obtained from 

each study participant and DNA was isolated using the 
Nucleon BACC3 kit (Amersham Biosciences, UK). The 
genotyping procedure involved a polymerase chain re-
action (PCR) and amplification and sequencing on an 
ABI3500XL capillary genetic analyser (Applied Biosys-
tems). For PCR amplification, the forward used primer 
was: 5´TTCATGGAGGATTACAGTGCGACAG3´ and 
the reverse used primer were: 5´AGACGACCTTACAT-
CAAACCTATTA3´. 

The PCR mixture contained 0.2 μM primers, 1× 
PCR buffer, 1.5 mM MgCl2, 0.17 mM each dNTP, 0.5 
U Taq polymerase (Bio-line, UK) and 100 ng of DNA 
in a total volume of 15 μl. Cycling conditions were 94°C 
for 2 min, followed by 35 cycles of 25 sec at 94°C, 20 
sec at 55°C and 40 sec at 72°C, and 7 min at 72°C as a 
final extension step. The PCR product was purified using 
ExoSAP-IT (Affymetrix) and sequenced. All products 
were separated on the 3500XL Genetic Analyser (Applied 

Biosystems) and analysed with Variant Reporter Software 
v1.1. 

With these procedures we have analysed in every sub-
ject the variants TG 13915, CT 13910 and CG 13907 in 
the lactase gene.

Statistics
Statistical analysis was performed with SPSS18.0 soft-

ware. Descriptive statistics and nonparametric statistical 
(Pearson test, Fisher test, U-Mann-Whitney) and corre-
lation analyses were performed. Positive predictive value 
(PPV), negative predictive value (NPV), specificity and 
sensitivity were calculated between results from the hy-
drogen methane breath test and molecular testing. Sta-
tistical agreement was calculated using Cohen’s kappa 
statistics (K).21 Differences were considered statistically 
significant when p < 0.05.

Results

Concordance between the hydrogen methane breath 
test and molecular testing

In Figure 2 there is detailed the results of Lactose 
hydrogen methane Breath Test (LBT) and the genoty-
ping assays in every group. Only 14/40 (35%) Gaucher’s 
disease patients and 5/20 (25%) of controls had a LBT 
positive, while 26/40 (65%) and 15/20 (75%) respecti-
vely showed a negative hydrogen methane breath test. In 
Table 1 is detailed the general characteristics of patients 
and controls. 

CC genotype: 0

CT: 7 / TT: 5

CC genotype: 5

CT: 14 / TT: 7

26 GD
(65%)

15 Controls*
(75%)

Negative

CC genotype: 3

CT genotype: 1

CC genotype: 12

CT genotype: 2

14 GD
(35%)

5 Controls*
(25%)

Positive

LBT

Total GD: 40.  Total control: 20
CC genotype - lactase non-persistence; CT/TT genotypes- lactase persistence.
LBT positive indicates hydrogen peak ≥ 20ppm and/or methane peak ≥ 12 ppm.
LBT negative: hydrogen peak ‹ 20 ppm and/or methane peak ‹ 12 ppm over baseline after 75 minutes.

Figure 2. Results of Lactose Breath Test (LBT) and genotyping assays.
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Table 1. General characteristics of both groups: Gaucher’s disease (GD) and control.

GD 
No

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Age

59

74

76

31

33

59

53

17

49

41

37

72

53

52

46

48

18

16

63

15

51

36

22

50

14

34

28

16

37

65

33

49

57

18

36

53

58

26

51

44

Gender

F

F

F

M

M

F

F

M

M

M

M

M

F

M

F

M

F

F

F

M

F

M

M

F

F

M

F

F

F

F

M

F

F

F

F

M

M

F

M

F

Genotype GBA

N370S/L444P

N370S/N370S

N370S/c.500insT

N370S/RecNciI

N370S/V398I

N370S/T134P

N370S/L444P

R463H/G377S

N370S/L336P

N370S/L444P

N370S/L444P

N370S/L444P

N370/L444P

N370S/c.1207insA

N370S/L444P

N370S/L444P

N370S/L444P

N370S/c.84insG

N370S/N370S

N370S/L444P

N370S/G202R

N370S/c.84insG

N370S/R285C

N370S/L444P

N370S/R47X

N370S/L444P

N370S/RecNciI

N370S/L444P

N370S/N370S

N370S/P391L

S13L/G202R

N370S/L444P

N370S/L444P

N370S/R463H

N370S/W (-4)X

N370S/G202R

N370S/L444P

N370S/c.708delC

N370S/R163X

N370S/Y412H

Miglustat
(YES/NO)

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

No

Yes

No

No

No

Yes

No

Yes

Yes

No

No

No

No

Yes

No

Yes

Yes

No

No

No

Yes

No

No

Yes

No

Yes

No

GISE to 
miglustat

No

 

No

No

No

Yes

No

No

Yes

No

 

Yes

Yes

 

No

 

 

 

Yes

 

Yes

Yes

 

 

 

 

No

 

Yes

Yes

 

 

 

No

 

 

No

 

Yes

 

C/T-13910 SNP 
rs4988235t

CC

TT

TT

CC

CT

CT

CC

CT

CC

CT

CC

TT

CC

CT

TT

CC

CT

CC

CC

CC

CT

CC

CC

CC

CT

CT

CC

CT

TT

CC

TT

CT

TT

CT

CT

CT

CT

CT

CC

CC

LBT

-

-

-

+

-

-

+

-

+

-

+

-

-

-

-

+

-

-

+

-

-

+

+

-

-

-

+

-

-

+

-

-

-

+

-

-

-

+

+

+

GI symptoms for 
LBT

No

No

No

Yes

No

No

No

No

Yes

No

Yes

Yes

No

No

No

Yes

No

No

No

No

Yes

Yes

Yes

Yes

No

No

Yes

No

No

Yes

No

No

No

Yes

No

No

No

No

Yes

Yes
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Regarding the genetic study, in Table 2 is showing the 
distribution of polymorphism CT-13910 in patients and 
control group. Genotyping revealed that the lactase non-
persistence genotype (CC-positive) were present in 17/40 
(42.5%) patients. Of the CC-negative patients (23/40, 
57.5%), 7/40 (17.5%) were TT homozygous and 16/40 

GD 
No

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Age

23

39

46

31

56

33

40

28

41

55

55

52

26

43

56

51

31

46

26

32

Gender

M

F

M

F

F

M

M

F

F

F

F

M

M

F

F

F

M

F

F

F

C/T-13910 SNP 
rs4988235t

CC

TC

TC

TT

CC

TT

TT

nd

CT

TT

nd

CT

CT

CT

CT

nd

TT

CT

CC

nd

LBT

+

-

-

-

+

-

-

-

-

-

-

-

-

-

+

+

-

-

+

-

GI symptoms for 
LBT

Yes

No

No

No

Yes

No

Yes

No

No

No

No

No

Yes

No

No

Yes

No

Yes

Yes

Yes

CONTROL

nd: not done

(40.0%) carried the heterozygous genotype TC. The 
others polymorphisms (TG-13915 and CG-13907) were 
analysed in all subjects and they are not expressed. 

The comparison between the hydrogen methane 
breath tests and the molecular tests indicates that from 
the 17 Gaucher’s disease patients carrying the CC ge-

Table 2. Distribution CT- 13910 polymorphism in Gaucher’s disease (GD) and control groups.

Group	 CC	 CT	 TT	 Total

Control (%)	 3 (18.7)	 8 (50.0)	 5 (31.3)	 16

Gaucher’s disease (%)	 17 (42.5)	 16 (40.0)	 7 (17.5)	 40

Total	 20	 24	 12	 56
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notype, 12 had a positive hydrogen methane breath test 
(71%) (p = 0.0001) (Figure 3). Respect to the control 
group, the genotyping (16/20 analysed) revealed a lower 
presence of the lactase non-persistence genotype (3/16, 
18.7%) and all of the CC carriers also presented a po-
sitive hydrogen methane breath test results (p = 0.007) 
Figure 3. In the CC-negative carriers controls (13/16, 
81.3%), 5 (31.3%) were TT homozygous and 8 (50.0%) 
carried the heterozygous genotype TC (Table 2).

Discordance between the hydrogen methane breath 
test and molecular testing 

The Table 3 shows the genetic profile and the hydro-
gen methane breath test distribution in the Gaucher’s 
disease patients and control groups. Globally, in 5/38 

Breath Test + (GD) Breath Test+ Control Group

14

12

10

8

6

4

2

0

No

CC Genotype

CT/TT Genotype

Kappa = 0.67
p = 0.0001

p = 0.007

Figure 3. Concordance between Lactose Breath Test (LBT) and CC, CT/TT genotypes.

(13.2%) CC-positive subjects, the hydrogen methane 
breath test was negative and 3/18 (16.7%) CC negati-
ve subjects tested were positive in the hydrogen methane 
breath test, demonstrating a strong correlation between 
both non-invasive assessments (p = 0.0001). 

The Cohen’s kappa statistical analysis showed a statis-
tical agreement (0.67) between the two methods, hydro-
gen methane breath test and genotyping.21 When compa-
red with the genotyping, the sensitivity of the hydrogen 
methane breath test was 75% and 92% the specificity, 
while the negative and positive predictive values (NPV 
and PPV) were 87%, and 83% respectively. In subjects 
with at least one T allele, the presence of a negative hy-
drogen methane breath test indicates a lactase persistence 
phenotype. While in subjects non-carrying a T allele, the 

Table 3. Discordance between lactose breath test (LBT) and genotyping in both groups.

LBT	 CC	 CC	 CT/TT	 CT/TT	 Total

	 GD	 Control	 GD	 Control	

Positive	 12	 3	 2	 1	 18 

Negative	 5	 0	 21	 12	 38 

Total	 17	 3	 23 	 13	 56

CC genotype - lactase non-persistence; CT/TT genotypes- lactase persistence
CC vs. positive LBT p = 0.0001.
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positivity of the hydrogen methane breath test identified 
the subjects with the lactase non-persistent phenotype. 
Non-agreement between both techniques (false positive 
and false negatives) could be related with other causes like 
secondary lactase deficiency.

The clinical records of the two patients with a nega-
tive genetic test but a positive hydrogen methane breath 
test, was further investigated (to discharge secondary cau-
ses of lactose intolerance). One 26-year-old woman with 
TC genotype), had no reported gastrointestinal symp-
toms in spite of the positive hydrogen methane breath 
test. The other case, an 18-year-old woman with TC 
phenotype showed a 60 and 72 ppm hydrogen methane 
basal levels, which were maintained in four subsequent 
measurements. It was assumed that this patient had ma-
labsorption due to intestinal bacterial overgrowth, as she 
also reported symptoms of bloating and abdominal pain. 

The clinical records of the five Gaucher’s disease pa-
tients who had a positive molecular test but a negative 
hydrogen methane breath test were investigated. Two 
patients probably corresponding to have intestinal bacte-
rial overgrowth, and one had infection with Helicobacter 
pylori. In three other patients, no associated gastrointes-
tinal disease could be found, but in two of these cases 
lactase-persistence could have been mediated by other no 
detected genetic polymorphisms. One patient, a 16-year-
old man with a CC genotype, may have had lack of geno-
type expression prior to adulthood, as has been previously 
reported.22

From the control group a 56-year-old woman with 
a TC genotype (lactase persistence phenotype), who 
showed a positive hydrogen methane breath test, also re-
ported symptoms of irritable bowel syndrome that can be 
the cause of the secondary lactase deficiency. 

Gastrointestinal symptoms
In 26 GD patients with negative hydrogen metha-

ne breath test 3 (11.5%) were developed gastrointesti-
nal symptoms during the procedure. By contrast, in 14 
GD patients with positive hydrogen methane breath test 
other 3 (21.4%) have not any gastrointestinal symptoms 
during the test. In the control group, the percentage of 
subjects with negative hydrogen methane breath and 
gastrointestinal manifestations during the procedure was 
higher 26.6% but without statistical significance, only 
one subject in the positive breath test group has not any 
gastrointestinal symptoms (Figure 4).

Regarding the subgroup of Gaucher’s disease patients 
exposed to miglustat who reported gastrointestinal symp-
toms secondary to therapy, 10/21 (47.6%) (A subgroup); 
the results of the hydrogen methane breath test are de-
tailed in Figure 4. Of them, only 4 patients (40.0%), 
fulfilled the diagnosis of lactose intolerance (breath test 
positive and development of symptoms during the test) 
as described in material and methods and 2 (20.0%) had 
a negative hydrogen methane breath test and gastroin-
testinal symptoms. The B subgroup, 11/21 (52.4%) 
Gaucher’s disease patients who had intake miglustat the-
rapy without reporting gastrointestinal symptoms secon-
dary to therapy, 8 (72.7%) did not have gastrointestinal 
symptoms during the hydrogen methane breath test, in 
spite of the fact that in 4 of them the hydrogen metha-
ne breath test was positive Figure 5. In the group of pa-
tients never exposed to miglustat therapy, C subgroup, 
5/19 (26.3%) had gastrointestinal symptoms during the 
hydrogen methane breath test and positive hydrogen 
methane breath test, except one patient with a negative 
hydrogen methane breath test and gastrointestinal symp-
toms (Figure 5).

LBT - & GI sympotoms LBT - & GI sympotoms

LBT negative
(75%)

LBT positive
(25%)

Results Lactose Breath Test vs GI Symptoms in Control Group

LBT - & GI LBT - & GI sympotoms

LBT negative
(65%)

LBT positive
(35%)

Results Lactose Breath Test vs GI Symptoms in GD patients

Figure 4. Percentage of Lactose Breath Test (LBT) and Gastrointestinal (GI) symptoms in Gaucher’s disease (GD) group and 
control group.
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Concerning the results obtained in the alimentary ha-
bits, medicines intake and gastrointestinal rhythm survey, 
we have observed that 10/40 patients considered their-
selves as poor tolerance to milk and avoid their ingestion, 
of them six had a positive hydrogen methane breath test 
(60%) and 4 were CC genotype.

Discussion
The purpose of this prospective study was to deter-

mine whether lactose intolerance was responsible for gas-
trointestinal symptoms in patients with Gaucher’s disease 
and to evaluate two diagnostic tests for this association. 
Genotyping and sequencing of a single nucleotide poly-
morphism rs4988235, were performed using polymerase 
chain reaction (CC genotype for lactase non-persistence 
and the TC/TT genotypes for lactase-persistence) and 
the hydrogen methane breath test were compared. 

In this study, around a half of patients under miglus-
tat therapy had reported mild to moderate gastrointesti-
nal symptoms and the third part had a lactose positive 
hydrogen methane breath test. In Spain, the incidence 
of gastrointestinal symptoms in patients with Gaucher’s 
disease treated with miglustat is lower than expected, pos-
sibly due to the Mediterranean diet and the low carbohy-
drate dietary intake recommended during the first weeks 
of therapy.23

Concerning the concordance between the positivi-
ty of the lactose hydrogen methane breath test and CC 
genotype, a strong correlation was founded; in fact, the 

83.3% of subjects with a positive lactose breath test were 
CC-positive. The total number of C alleles was signifi-
cantly greater in Gaucher’s disease patients compared 
with controls (62.5% vs. 43.8%). Of the patients who 
had gastrointestinal symptoms on miglustat treatment, 
60.0% had the CC genotype. These findings in line with 
some previous studies as the ones performed by Krawczyk 
in European population.20 However, the value obtained 
in the Cohen’s kappa statistics (0.67) for agreement as-
sessment was slightly inferior to that reported in previous 
studies18, 20 but superior to the published by Enko.11 

In the present study, from the Gaucher’s disease pa-
tients with a CC-negative genotype (n = 23), the majo-
rity 21 (91.3%) had a negative breath test, and only two 
(8.7%) had a positive breath test who may have suffered 
from secondary lactase deficiency or other conditions 
that require further clinical investigation. 

Among the limitations of the hydrogen methane 
breath test performance and the posterior measurement 
were both user-dependent and dependent upon non-
controlled pre-analytical factors.24, 25 Other factors as the 
previous use of antibiotics.26 The colonic pH and the oro-
cecal transit time can influence in the accuracy of the test 
and cause false negative results.27-30 However, in our stu-
dy, subjects who had completed antibiotic therapy were 
excluded for at least 4 weeks from the breath test, becau-
se this exposition could trigger alterations of the colonic 
bacterial flora. Based on the followed protocol we assume 
that, external factors have not influenced the results of 

100%

80%

60%

40%

20%

0%

40.0

40.0

20.0

72.7

27.3

0.0

73.7

21.0

5.3

Group A Group B Group C

No GI symptoms during LBT

GI symptoms & LBT+

GI symptoms & LBT

Group A: GD with gastrointestinal side effects
to miglustat therapy. 

Group B: GD without gastrointestinal side
effects to miglustat therapy.

Group C: GD without miglustat therapy.

Figure 5. Gastrointestinal (GI) symptoms related to lactose breath test (LBT) in different groups of Gaucher’s disease (GD) 
patients exposed or no to miglustat.
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the study and the variations obtained among the different 
polymorphisms needs to be assumed considering that the 
molecular analysis of SNPs may not be able to explain all 
the variations of lactase expression, due to genetic hete-
rogeneity in the regulation of this expression as has been 
previously reported,31 in our study we have analysed the 
TG-13915 and CG-13907 polymorphism that are nea-
rest of CT 13910 in the lactase gene following previous 
studies, which described them as associate variants to 
lactase persistence in different populations including the 
Caucasians.32 

In some cases, it is may be difficult to interpret ade-
quately the clinical manifestations, for example the symp-
toms of lactose intolerance may have been exaggerated, 
while some individuals with lactase non-persistence may 
be well-tolerate up to 12 g of oral lactose,33 although 
many individuals may now diagnose themselves as being 
lactose intolerant, these individuals may be lactase persis-
tent and be suffering from irritable bowel syndrome. 

An important finding of this study was that the pre-
sence of gastrointestinal symptoms induced by miglustat 
were not directly related with the lactose tolerance geno-
type, the observed differences among the cases with lacto-
se malabsorption phenotype in Gaucher’s disease patients 
treated or not with miglustat and control group were not 
significant. In order to explain the gastrointestinal symp-
toms in Gaucher’s and other lysosomal patients treated 
with miglustat, other intestinal enzymes involved in the 
absorption of sucrose and maltose must be studied to per-
form a more complete intestinal enzyme profile. Dietary 
modifications such as reduced consumption of dietary 
sucrose, maltose and lactose have been shown to improve 
the gastrointestinal tolerability of miglustat and reduce 
the magnitude of any changes in body weight, particu-
larly if it is initiated at or before the start of therapy. Also 
miglustat dose escalation at treatment initiation may also 
reduce gastrointestinal disturbances.34

Conclusion
Hydrogen methane breath test and/or the genotyping 

for SNPs may be used indistinctly to diagnose lactase de-
ficiency because there is a high concordance in the results. 
In this study we have observed that not all gastrointesti-
nal symptoms induced by miglustat in Gaucher’s disease 
are justified by lactase deficiency. 
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