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Des données complémentaires sont nécessaires pour préciser in vivo les conséquences d’une 

ingestion aigue de lactose dans l’environnement colique et le métabolisme de l’hôte. 

L’objectif de cette étude est d’évaluer les conséquences métaboliques d’une ingestion aigue 

de lactose, chez le rat, en relation avec l’activité du microbiote intestinal et ses interactions 

avec l’hôte malabsorbeur. 

 

Matériel et méthodes  

L’étude a été réalisée en deux parties. Dans chacune de ces parties, nous avons utilisé des rats 

mâles Wistar (350-400g) répartis en 2 groupes (n = 6) recevant 5 g de régime équilibré 

contenant soit 25 % de saccharose (groupe S25 contrôle) soit 25 % de lactose (groupe L25 

expérimental). 

Dans la première partie de l’étude, nous avons placé les rats en chambre calorimétrique, sous 

cycle jour/ nuit artificiel (lumière de 8h à 20h). Leurs paramètres métaboliques ont été 

enregistrés pendant les 24 heures suivant l’ingestion des 5 g de régimes tests L25 et S25. 

Dans la deuxième partie de l’étude, nous avons effectué des abattages séquentiels (6 rats L25 

et 6 rats S25) à différents temps (t = 0h, 2h, 4h, 6h, 8h et 13h) après l’ingestion des 5 g de 

régime test. Pendant les abattages, nous avons prélevé du sang porte, les contenus intestinaux 

et la muqueuse colique. Les acides gras à chaines courtes et les acides organiques ont été 

dosés respectivement pas chromatographie en phase gazeuse et par kits enzymatiques, dans le 

sang porte et dans les contenus intestinaux. La quantification des transporteurs d’acides gras à 

chaines courtes (sMCT1 et MCT1) a été réalisée par PCR en temps réel sur la muqueuse 

colique. 

 

Principaux résultats  

Nous observons une augmentation significative des concentrations en acides gras à chaines 

courtes et en lactate dans le caecum et dans le sang porte des rats du groupe L25 en 

comparaison à ceux du groupe S25. Ces concentrations atteignent respectivement leur 
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maxima à 6 et 8 heures après l’ingestion de lactose. L’expression du transporteur d’acides 

gras à chaine courte sMCT1 est également significativement plus élevée à 6 heures et 8 heures 

après l’ingestion de lactose, chez les rats du groupe L25 en comparaison aux rats du groupe 

S25.  

En parallèle, les enregistrements de calorimétrie révèlent une montée significativement 

moindre du QR et de la Gox, ainsi qu’une inhibition moindre de la Lox, sur les 5 heures 

suivant l’ingestion du régime L25 en comparaison au régime S25. Ces résultats soulignent 

l’absorption et l’utilisation métabolique moindre du lactose par l’hôte. Cependant, au-delà de 

6 heures, la tendance s’inverse et le QR et la Gox du groupe L25 deviennent significativement 

supérieurs à ceux de S25.  

 

Conclusions  

Cette étude montre qu’à partir d’une certaine dose de lactose malabsorbé, des changements 

métaboliques se produisent. Ces changements impliquent des fermentations caecales et 

coliques du lactose qui conduisent à la production d’acides gras à chaines courtes, à 

l’activation de leurs transporteurs coliques, à leur absorption colique et à leur utilisation 

métabolique par l’hôte. 

Ces résultats soulèvent la question d’une réorientation métabolique du microbiote colique et 

de l’hôte malabsorbeur, lors d’une ingestion chronique de lactose. Ils ouvrent également la 

voie à de nouvelles techniques pour le diagnostic de la malabsorption du lactose. En effet, les 

études calorimétriques permettraient de mettre en évidence la malabsorption du lactose et de 

suivre l’adaptation métabolique consécutive du microbiote intestinal de l’hôte. Des études 

cliniques sont nécessaires pour valider ces résultats sur l’Homme. 
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II. Publication 2: Agreement between indirect calorimetry and 

traditional tests of lactose malabsorption 

 

Objectifs 

Les tests utilisés pour le diagnostic de la malabsorption du lactose manquent souvent de 

fiabilité. L’étude présentée dans la publication 1 montre que la mesure du QR, chez le rat,   

peut mettre en évidence la malabsorption du lactose dans les heures qui suivent son ingestion.  

Cette étude clinique exploratoire vise à déterminer l’intérêt de suivre le QR (mais aussi la 

Gox et la Lox) après l’ingestion de lactose dans le but d’identifier une malabsorption chez 

l’Homme, ainsi que d’évaluer ses corrélations avec les méthodes indirectes traditionnellement 

utilisées.   

 
Matériel et méthodes  

Après recueil des consentements, une série consécutive de sujets a été sélectionnée selon leur 

statut absorbeur (n=10) ou malabsorbeur (n=10). Ce statut a été déterminé, après une nuit de 

jeûne, par leur pic glycémique pendant l’heure suivant l’ingestion de lactose (25g) : un pic 

inférieur à 1.0 mmol/L est spécifique d’un malabsorbeur alors qu’un pic supérieur à 1.5 

mmol/L est spécifique d’un absorbeur.  

Nous avons suivi leur expiration d’hydrogène et leur cinétique de QR, respectivement 

pendant 3 et 4h après une nuit de jeûne suivi de l’ingestion de lactose (25g). Les sujets ont 

également évalué, à la fin du test, l’intensité et la localisation de leurs symptômes gastro-

intestinaux. 

 

Principaux résultats  

Les différences de QR (p = 0.002), de Gox (p = 0.009) et de Lox (p = 0.006) sont 

significatives entre les absorbeurs et les malabsorbeurs sur les 100 minutes suivant l’ingestion 

de lactose. Les différences de QR, Gox et Lox sont également significatives sur la plus courte 

fenêtre 30-50 minutes (respectivement p = 0.001, p = 0.002, p = 0.001). Le score total des 

symptômes (p = 0.04), notamment les flatulences (p = 0.05), et l’intensité de la douleur dans 

l’hypogastre (p = 0.02) sont significativement plus élevées chez les malabsorbeurs que chez 

les absorbeurs.  
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Par ailleurs, le QR est bien corrélé aux marqueurs traditionnels de la malabsorption et de 

l’intolérance : R = 0.74 (p < 0.001) avec la glycémie, R = -0.51 (p < 0.01) avec le test 

respiratoire à l’hydrogène et le score total des symptômes R = -0.51 (p = 0.05). 

 

Conclusions  

Les cinétiques des paramètres métaboliques (QR, Gox et Lox) sont significativement 

différentes entre des sujets absorbeurs et des sujets malabsorbeurs, sur les 4 heures suivant 

l’ingestion de lactose. Un suivi de ces paramètres sur la fenêtre 30-50 min après ingestion de 

lactose révèle des mesures également significativement différentes. 

La calorimétrie indirecte semble donc un outil simple et non-invasif pour détecter la 

malabsorption du lactose. Des études complémentaires sont nécessaires pour préciser la place 

de ce nouveau test diagnostique dans de plus larges populations. 
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ABBREVIATIONS 

 

A: Absorber  

Cox: Carbohydrate Oxidation 

HBT: Hydrogen Breath Test 

Lox: Lipid Oxidation 

M: Malabsorber  

RQ: Respiratory Quotient 
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ABSTRACT 

 

Background 

Lactose malabsorption occurs frequently and the variably consecutive intolerance may 

seriously impair quality of life. An adequate diagnostic must be based on a reliable and 

convenient method but such a test is not yet applied in routine. A recent animal study showed 

that the respiratory quotient changed significantly after ingestion of sucrose and lactose in 

naturally lactase-deficient rats. 

Aims 

This exploratory study evaluated the relevance of monitoring respiratory quotient after lactose 

ingestion, in order to detect malabsorption. 

Methods   

10 lactose absorbers and 10 lactose malabsorbers were identified and classified by a lactose 

tolerance test (25g). After an overnight fast, a second lactose challenge was performed to 

monitor hydrogen excretions and respiratory quotient kinetics over 4 hours. Participants also 

completed questionnaires to score and localise their gastro-intestinal symptoms. 

Results 

Respiratory quotient kinetics were different between absorbers and malabsorbers during the 

100 minutes after lactose ingestion (p<0.01), and even during the shorter initial 30-50 minute 

period. Respiratory quotient was significantly positively correlated to the peak of glycaemia 

(R=0.74) and negatively to hydrogen excretions (R=-0.51) and the symptoms score (R=-0.46). 

Conclusions 

Indirect calorimetry could improve the reliability of lactose malabsorption diagnosis. Studies 

on larger populations are needed to confirm its validity and to propose a simplified 

measurement. 

 

KEYWORDS 

 

Lactose malabsorption, diagnostic, respiratory quotient 

 



- 77 - 

INTRODUCTION 

 

Hypolactasia is a widespread intestinal problem that affects almost 75% of the population 

worldwide, with large variations depending on ethnic background. Despite recent 

identification of the genetic locus, lactose intolerance remains poorly diagnosed by the 

medical community, mainly due to the heterogeneity of terminologies and the questionable 

reliability of the diagnostic tools.  

Hypolactasia, which refers to the deficiency or absence of lactase secretion, may be detected 

in duodenal or jejunal biopsies and by genetic tests. Biopsy is the only direct method but is an 

invasive technique. The genetic test, identifying some mutations in the gene encoding lactase, 

has a reported sensitivity of 93-100% and specificity of 95-100%, but remains poorly 

available.  

Several other techniques are available to detect malabsorption, but they present limitations. 

These tests require the ingestion of a lactose load and include the dynamic study of 

glycaemia, the analysis of stool pH, urine galactose, the HBT or the measurement of 13C-

glucose in serum or 13CO2 in exhaled air. Glycaemia analysis presents sensitivity and 

specificity both reported to be from 70 to 95 % [1], with no reliability in diabetics or in 

patients with bacterial overgrowth. The stool pH is easily analysed but its reliability may be 

disturbed by intestinal motility and water reabsorption. Urine galactose presents variable 

sensitivity (77-96%) and specificity 88-100% [2]. The HBT, quantifying the amount of 

hydrogen created from the colonic fermentation of the undigested carbohydrates, has been 

considered a gold standard for over 30 years. Its sensitivity and specificity range from 80-

100% and 70-100% respectively [3]. However, around 20% of patients present an intestinal 

bacterial overgrowth leading to false positive results or a methano-excretion leading to false 

negative results [4]. Since 2008, it has been suggested to detect both hydrogen and methane in 

the expired air to reduce the number of false negatives [5]. The monitoring of 13C-glucose in 

serum or 13CO2 in exhaled air following ingestion of labelled 13C-lactose was developed in 

2000. According to these studies, the proportion of lactose malabsorbers is almost 50% higher 

than described in the literature [6-8]. However, this technique remains rarely used. 

Subjective techniques can highlight lactose intolerance, corresponding to the expression of 

symptoms. The available tests are usually self-completed questionnaires to score the main 

gastro-intestinal symptoms, such as rumbling, bloating, cramping, nausea and diarrhoea. The 

sensitivity and specificity of these questionnaires are only 75% and 67% respectively due to 
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the variability in appreciating one’s own symptoms [9], with an overestimation observed in 

30% of the subjects [10].  

Thus, none of the available techniques allows a precise and absolute diagnosis. In this 

context, it is useful to evaluate new tools or new combinations in order to optimise the 

diagnosis of lactose malabsorption. 

A recent animal study showed that the kinetics of Respiratory Quotient (RQ), Carbohydrate 

Oxidation (Cox) and Lipid Oxidation (Lox), after ingestion of sucrose and lactose, depended 

on the capacity of the host to absorb sugars (Alexandre et al., 2012, British Journal of 

Nutrition, In Press). Therefore, we aimed to monitor, on selected absorbers and malabsorbers, 

the RQ, Cox and Lox during after a lactose load (25g) and to evaluate their efficacy in 

diagnosing lactose malabsorption. Concomitantly, blood sugar levels were measured using a 

portable glycaemia lector, hydrogen breath excretion was quantified using a portable 

hydrogen detector, and RQ, Cox and Lox kinetics were monitored using a ventilated-hood 

system. Symptoms were also evaluated before the ingestion of lactose and after the 4 hours, 

by subjectively scoring the five main gastro-intestinal symptoms (diarrhoea, pain, nausea, 

rumbling and bloating).  

 

MATERIALS AND METHODS 

 

Participants 

The study was carried-out on 20 healthy volunteers (10 first lactose absorbers and 10 first 

lactose malabsorbers) identified by the one-hour glycaemia after lactose ingestion. No 

participant had gastrointestinal or pulmonary disease, had taken antibiotics or other drugs 

affecting intestinal function for 8 days prior to the study, or had practiced intense physical 

activity for two days prior to the study. Additionally, they had followed the nutritional 

recommendations for meals during the two days before the study [11,12].  

Experimental protocol 

The study took place in the Gastroenterology Department of Avicenne Hospital (Bobigny, 

France). After being identified as lactose absorbers or malabsorbers, the participants ingested 

25 g of lactose diluted in 250 ml of water after an overnight fast. Their respiratory parameters 

were measured using a ventilated-hood system (canopy) for four hours and their hydrogen 

excretions were recorded over three hours. At the end of the test the participants also 

completed a symptoms questionnaire to score and localise their gastrointestinal symptoms. 
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Lactose tolerance test 

Samples of capillary blood to test glucose concentration were taken at 0, 15, 30, 45 and 60 

minutes, using a Precision XceedPro (Abbott, Rungis, France). For each point, measures were 

performed twice on the same sample and the mean value was recorded. A glycaemia rise 

equal to or higher than 1.5 mmol/ l was considered to be lactose absorption; a plasma glucose 

rise equal to or lower than 1.0 mmol/ l was considered to be lactose malabsorption [1]. All the 

included participants presented glycaemia peaks above or equal to 1.5 mmol/ l for the lactose 

absorbers and below or equal to 1.0 mmol/ l for the lactose malabsorbers, confirming their 

classifications [13], [2]. 

Hydrogen Breath Test (HBT) 

The exhaled hydrogen was measured in parts per million using a GastroLyzer (Bedfont 

Scientific Ltd, Maidstone, Kent, England). A hydrogen excretion 20 ppm higher than baseline 

in at least two subsequent measurements was associated to lactose malabsorption [14,15]. 

RQ, Cox and Lox kinetics 

RQ, Cox and Lox were computed from VCO2 exhaled and VO2 consumed, recorded every minute, 

using a canopy Deltatrac II (Datex Ohmeda, Limonest, France). In such a system, the subject 

inspires the atmospheric air through a hole in the capsule and expires via a non return valve 

into a measurement unit [16-18]. When participants came for the measurements, they were 

laid down in supination with the canopy overhead. They had at least 30 minutes to become 

habituated. Once parameters were stable, we recorded 10 minutes of baseline. Then, the 

participants ingested the lactose and the measurements were launched over 4 hours.   

Symptom evaluation 

Each participant rated the intensity of the five main gastrointestinal symptoms (nausea, 

bloating, diarrhoea, borborygmi and abdominal pain), before and after the lactose challenge, 

on a 10-cm visual analogue scale ranging from 0 (no symptom) to 10 (maximum symptoms) 

[9]. Symptoms were associated to lactose malabsorption for a mean delta above or equal to 

7.5/10 [9]. 

Pain topology was also evaluated. Participants reported, on a diagram, the pain intensity that 

they experienced after the lactose challenge, using a 10 point Likert scale ranging from 0 

(none) to 9 (extreme): right hypochondrium (segment 1), epigastrium (segment 2), left 

hypochondrium (segment 3), right lumbar (segment 4), periumbilical (segment 5), left lumbar 

(segment 6), right iliac (segment 7), hypogastrium (segment 8) and left iliac (segment 9) 

(Figure 4).  
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Ethics 

The study was conducted according to the Declaration of Helsinki, and approved by the 

Ethical Committee of Saint-Germain-en-Laye (Paris XI). Written informed consent was given 

by all participants before inclusion. 

Statistical analysis 

Results are presented as means ± SEM. Analyses were performed with either an ANOVA on 

repeated measures or a Student’s t-test for unpaired data. The areas under the curves for RQ, 

glycaemia, HBT and symptoms were correlated by computing the Pearson’s coefficients.  The 

software used was SAS (version 9.1). The significance level of all statistical analyses was set 

at p < 0.05.  

 

RESULTS 

 

Participants characteristics 

The study was carried-out on the 10 lactose absorbers (mean age: 29 ± 4 years old, men ratio: 

40%) and the 10 lactose malabsorbers (mean age: 39 ± 4 years old, men ratio: 20%). No 

statistical difference was observed for the patients’ baseline characteristics, even if a slightly 

higher mean age was noticed in the malabsorber group (Table 1).  

Glycaemia 

Peak and evolution of glycaemia over one hour after the lactose ingestion is reported in 

Figure 1. The average of the peak is 1.9 ± 0.2 mmol/ L blood in the absorbers group while it is 

0.6 ± 0.1 mmol/ L blood in the malabsorbers group. The differences were highly significant (p 

< 0.001) since the status of the participants was based on this value. Time and time*status 

presented significant effects on glycaemia (p < 0.001 for both) and differences between the 

two groups became significant from 45 min. 

Hydrogen Breath Test 

Peak and evolution of expired hydrogen over three hours after the lactose ingestion is reported 

in Figure 2. An 8-ppm increase was noticed in the absorber group while a significant higher 

40-ppm increase was noticed in the malabsorber group (p = 0.0002), with a peak reached 

from 150 min after the lactose ingestion. However, one lactose absorber (A6) presented a 

hydrogen peak of 23 ppm whereas one lactose malabsorber (M1) presented a hydrogen peak 

of 10 ppm. Time and time*status presented significant effects on glycaemia (p < 0.001 for 

both) and differences between the two groups became significant from 135 min. 
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RQ, Cox and Lox monitoring 

The kinetics of RQ, Cox and Lox during 4 hours after the ingestion of lactose are reported in 

Figure 3. Time, status and time*status variables presented significant effects on RQ (p < 

0.001, p<0.001, p<0.001 respectively), Cox (p<0.001, p<0.001, p=0.004 respectively) and 

Lox (p<0.001, p=0.002, p<0.001 respectively). RQ and Lox raised over the time, with a 

maximum reached around 60 min post-ingestion in both groups, but presented lower increases 

in the malabsorber group during 100 min post-ingestion (p = 0.002 and p = 0.009 

respectively). Lox decreased over the time, with a minimum reached around 60 min post-

ingestion in both groups, but presented a lower inhibition in the malabsorber group during 

100 min post-ingestion (p = 0.006). The differences between the two groups were also 

significant over the short period of 30-50 minutes after the lactose load (p = 0.001 for RQ, p = 

0.002 for Cox, p = 0.001 for Lox). 

Symptoms evaluation  

Symptom scores and localisation are presented in Figures 4. In the malabsorber group, the 

total score of symptoms was significantly higher (p = 0.04), with an increase in bloating (p < 

0.05) and in the hypogastrium pain (segment 8) (p = 0.02). Indeed, during the test, five 

participants experienced symptoms with moderate to high intensity and two participants 

experienced symptoms with low intensity. No other symptom or segment appeared different 

between the two groups. 

Correlations between parameters 

The correlations between parameters are presented in Table 2. The correlations between RQ 

and traditional techniques are good indicators of RQ reliability in diagnosing lactose 

malabsorption. 1-hour RQ was positively correlated to glycaemia (R = 0.74, p = 0.0002) and 

negatively correlated to HBT (R = -0.51, p = 0.03) and to the total score of symptoms (R = -

0.46, p < 0.05). Other parameters were also significantly correlated such as 1-hour Cox versus 

glycaemia (R = 0.9, p = 0.003) and HBT (R = -0.99, p = 0.04), 3-hour Cox versus 

hypogastrium pain (R = -0.48, p = 0.04), and 4-hour Cox versus hypogastrium pain (R = -

0.49, p = 0.03). 

Individual analyses 

Results of all the completed outcomes, for each participant, are presented in supplementary 

data (S1). The following cut-offs were used according to the literature: a 1.5 mmol/ L peak for 

glycaemia [13], a 20 ppm peak for HBT [14] and a score of 8/10 for total symptoms [9]. A 

0.05 peak was arbitrarily proposed for the 1 hour-RQ. In the absorber group, one participant 
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presented divergent results with RQ and glycaemia suggesting lactose absorption while HBT 

and score of total symptoms suggested malabsorption. In the malabsorber group, five 

participants were asymptomatic but four of them presented HBT, RQ and glycaemia 

indicating a malabsorption. 

 

DISCUSSION 

 

The objective of this exploratory study, performed on 10 absorbers and 10 malabsorbers of 

lactose, was to evaluate the reliability of monitoring RQ after a lactose ingestion to highlight 

malabsorption.  

RQ, as well as Cox and Lox computed from RQ and energy expenditure, presented significant 

differences between absorbers and malabsorbers during 100 minutes after ingestion of the 

lactose load, confirming in humans results previously reported in rats. Indeed, normal lactose 

absorption leads to a switch in the metabolic pathways from lipid utilization in the fasted state 

to glucose utilization in the post-prandial state. On the opposite, lactose malabsorption leads 

to a moderate switch or even to no switch at all from lipid to carbohydrate utilizations. 

Furthermore, monitoring RQ over a short period after ingestion seems to be sufficient to 

detect malabsorbers. Indeed, differences in RQ changes were observed between absorbers and 

malabsorbers within 45 minutes after the lactose load (p = 0.01), supposing a putative 

diagnostic usefulness.  

RQ changes, in particular the 1 hour-RQ changes were significantly correlated with 

traditional techniques, such as glycaemia, hydrogen expiration and symptoms. Besides, 

similar correlations were noticed between RQ and symptoms, and HBT and symptoms, 

suggesting that RQ could also be used to detect lactose intolerance. However, these two last 

correlations, RQ versus HBT and RQ versus total score of symptoms are low and clinical 

relevance may be questioned despite low p-values. 

The total score of symptoms was significantly higher at the end of the test in the malabsorber 

group compared to the absorber group. The significant symptom reported by the malabsorber 

group was bloating, which confirms that bloating is the most sensitive symptom of lactose 

intolerance [19]. Besides, the major localisation of symptoms in the hypogastrium 

corresponds to the rectosigmoid and is linked to the significant increase of bloating. 

The significant differences in the hydrogen expiration confirmed the correct allocation of 

participants in the two subgroups but raises questions for participants A6 and M1. The status 
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of participant A6 was confirmed by his glycaemia (1.8 mmol/L) and RQ (0.11) delta versus 

baseline. Such analysis led us to believe that patient A6 may not have fully respected the 

recommended residue-free diet, or may have had an undiagnosed intestinal bacterial 

overgrowth. The status of participant M1 was a bit more uncertain since different status could 

be determined according his glycaemia (0.3 mmol/L) and RQ (0.08) delta versus baseline. We 

also noticed that the RQ kinetics were not similar to those of other absorbers and presented 

abrupt peaks. Such irregular kinetics are more specific to hyperventilation than enhanced 

glucose oxidation [20,21]. Thus, considering that RQ peaks of participant M1 were an 

artefact, the kinetics would fit with their low glycaemia peak. Additionally, methano-

production, occurring in 20% of the population, would account for the absence of both a 

hydrogen peak and gastro-intestinal symptoms. A second battery of tests, including the 

evaluation of methane expiration, would be necessary to confirm or rebut our diagnostic.  

In conclusion, these two participants illustrated well the questionable reliability of HBT and 

our exploratory clinical study suggests that monitoring RQ may optimise the diagnostic of 

lactose malabsorption. However, we have to concede that the main limitation of RQ is the risk 

of hyperventilation, disturbing the kinetics. The baseline step should not be neglected and 

should last at least 30 minutes before the beginning of recording, which raises the problem of 

duration. The initial selection of lactose absorbers and malabsorbers participants must also be 

more restrictive, in order to prevent from wrong classification. To do so, an option is to 

combine the glycaemia tests and the HBT as inclusive criteria. 

Future work will involve confirming the reliability of RQ for detecting lactose malabsorption 

in larger and more variable populations, such as participants presenting a glycaemia peak in 

the twilight zone, diabetics, patients with an intestinal resection, patients with a short transit 

time. Complementary studies would help to determine standard responses in each population, 

to identify the specific time of response in order to reduce the time window of RQ 

measurements, and to define a degree of malabsorption depending on the amplitude of the RQ 

changes. At last, complementary studies are essential to optimize the design of the protocol by 

defining specific points of measurements that would reduce the time under the canopy and 

discomfort for the patient, but would also allow simultaneous evaluation of 2 or 3 patients (as 

actually possible with the HBT). 
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FIGURE LEGENDS 

 

Figure 1: Glycaemia peak (A) and evolution (B) over one hour after the lactose ingestion.  

(  ), ( ): Lactose malabsorbers; (  ), ( ): Lactose absorbers. Data are presented as means 

± SEM and are compared by a Student’s test for unpaired data. (*): p < 0.05. Time, status and 

time*status effects are evaluated by an ANOVA. A p-value over 0.05 is considered as not 

significant. n = 20. 

 

Figure 2: Expired hydrogen peak (A) and evolution (B) over three hours after the lactose 

ingestion. (  ) , ( ): Lactose malabsorbers; (  ),( ): Lactose absorbers. Data are presented 

as means ± SEM and are compared by a Student’s test for unpaired data. (*): p < 0.05. Time, 

status and time*status effects are evaluated by an ANOVA. A p-value over 0.05 is considered 

as not significant. ppm: part per million. n = 20. 

 

Figure 3: RQ (A), Cox (B) and Lox (C) kinetics over four hours after the lactose challenge. 

( ): Lactose malabsorbers; ( ): Lactose absorbers. Data are presented as means ± 

SEM. Time, status and time*status effects are evaluated by an ANOVA. A p-value over 0.05 

is considered as not significant. RQ, Cox and Lox changes are also compared over 100 

minutes after the lactose challenge by a Student’s test for unpaired data. (*): p < 0.05. n = 20. 

 

Figure 4: Symptoms score amplitude (A) and abdominal pain topology (B), at the end of the 

lactose challenge. (  ): Lactose absorbers; (  ): Lactose malabsorbers. Data are presented as 

means ± SEM and are compared by a Student’s test for unpaired data. (*): p < 0.05. n = 20.  

 


