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Methane breath tests and blood 
sugar tests in children 
with suspected carbohydrate 
malabsorption
Christof Schneider1, Klaus D. Wutzke1 & Jan Däbritz1,2*

Carbohydrate malabsorption and subsequent gastrointestinal symptoms are a common clinical 
problem in pediatrics. Hydrogen  (H2) and methane  (CH4) breath tests are a cheap and non-invasive 
procedure for diagnosing fructose and lactose malabsorption (FM/LM) but test accuracy and reliability 
as well as the impact of non-hydrogen producers (NHP) is unclear.  CH4 breath tests (MBT), blood 
sugar tests (BST) and clinical symptoms were compared with  H2 breath tests (HBT) for FM/LM. 187/82 
tests were performed in children (2 to 18 years) with unclear chronic/recurrent abdominal pain and 
suspected FM/LM. In FM and LM, we found a significant correlation between HBT and MBT/BST. In 
LM, MBT differentiated most of the patients correctly and BST might be used as an exclusion test. 
However, additional MBT and BST had no diagnostic advantage in FM. NHP still remain a group of 
patients, which cannot be identified using the recommended  CH4 cut-off values in FM or LM. Reported 
symptoms during breath tests are not a reliable method to diagnose FM/LM. Overall a combined test 
approach might help in diagnosing children with suspected carbohydrate malabsorption.

Carbohydrate intolerance/malabsorption is often suspected in pediatric patients with food intake related chronic 
abdominal pain. However, clinical manifestation of carbohydrate intolerance/malabsorption in children varies 
and unspecific symptoms range from recurrent abdominal pain (RAP), bloating and nausea to flatulence and 
 diarrhea1–3. Because similar symptoms can be caused by other more severe gastrointestinal diseases it is important 
to establish a correct diagnosis. In this study we focused on breath tests, which have a special role in diagnos-
ing carbohydrate malabsorption and other gastrointestinal disorders in children non-invasively. However, the 
diagnostic reliability of breath tests in children with suspected carbohydrate malabsorption including defined 
cut-off levels, sensitivity and specificity is still unclear and a worldwide consensus does not  exist4,5. For example, 
it has been shown that the induction of symptoms following sugar ingestion (carbohydrate intolerances) appears 
to be more relevant than carbohydrate malabsorption (positive breath test) in functional gastrointestinal (GI) 
 diseases6. GI symptoms rather correlate with discomfort/intolerance during breath tests than with malabsorp-
tion. For example, a lack of association of the induction of symptoms with the presence of malabsorption of 
fructose has been  shown7. Due to the relatively low reliability of breath tests and the missing correlation of GI 
symptoms and malabsorption has questioned the usefulness of performing breath test in patients with suspected 
carbohydrate malabsorption. Instead, the use of symptom-based provocation test before dietary interventions 
in functional GI diseases has been  suggested8.

Fructose is increasingly used as a sweetener and added to processed food, for example fruit juices, other bever-
ages and candy as well. Fructose malabsorption (FM) is common, it affects approximately 5% of the  population9. 
It is a monosaccharide which is absorbed by carrier-mediated facilitated diffusion via the GLUT5 transporter 
across the intestinal apical membrane and then transported from the cytosol to the blood by the basolateral 
transporter  GLUT210,11. Based in the increased fructose intake it has been proposed that other transporters in 
addition to GLUT5, e. g. GLUT2, might be involved during the transport of fructose via the apical cell mem-
branes in the small  intestine12. A deletion of GLUT 5 in mice can reduce the fructose intake significantly and, 
therefore, cause symptoms of carbohydrate  malabsorption13. However, fructose malabsorption is not associated 
with intestinal GLUT5 and GLUT2 expression in human  adults12. Furthermore, the simultaneous consumption 
of glucose can increase fructose absorption and prevent GI symptoms. The reason for this absorption enhancing 
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effect is not fully understood. Fructose could be passively absorbed due to water absorption induced by glucose. 
Another explanation might be a glucose dependent fructose co-transport system. An increase of GLUT2 in the 
apical membrane after glucose ingestion was observed in rats which suggests an involvement of the fructose and 
glucose transporter  GLUT214. Thus, it is in fact the fructose in excess of glucose that may be malabsorbed, as 
opposed to total fructose. A high intake of fructose may result in symptoms like nonspecific diarrhea, intestinal 
gas and recurrent abdominal  pain1. Intolerance to foods containing lactose is  common15.

The prevalence of lactose malabsorption (LM) in Germany is 16% and has an overall frequency of around 
two-thirds of the world’s  population16. Lactose is a non-absorbable disaccharide which is normally hydrolyzed 
by lactase into glucose and  galactose2. A reduced expression or impaired enzyme activity can lead to  LM17.

Carbohydrates which are not absorbed in the small intestines are fermented by anaerobic colonic bacteria. 
This process results in the formation of gas (hydrogen  [H2], methane  [CH4], carbon dioxide  [CO2]) and short fatty 
acids by the anaerobic bacterial  flora18. Fractions of  H2 and  CH4, which are not produced by human cells, diffuse 
passively into blood capillaries and are eliminated by breath where it can be measured by gas  chromatography19.

There is a small percentage of patients which have an insufficient increase in breath  H2 resulting in a nega-
tive  H2 breath test (HBT). It is caused by their colonic flora which is unable to produce  H2 during fermentation. 
Patients having carbohydrate malabsorption and a negative HBT result are called non-hydrogen-producers 
(NHP). The reported prevalence of NHP varies widely from 2 to 43%4. Therefore, breath  CH4 might represent 
an alternative gaseous marker for this  subgroup4,20. However, children who are suffering from carbohydrate 
malabsorption, can also show a negative  CH4 breath test (MBT) even though the HBT is positive. These patients 
are called non-methane-producer (NMP). The absence of  CH4 during MBT does not necessarily mean that the 
methanogenic flora is absent. Mathur et al. showed that methanogens are present in the majority of healthy adults’ 
colonic  flora21. In other studies, the rate of  CH4 producers in healthy subjects varies from 30 to 35%22–24. Another 
potential explanation for the discrepancy between carbohydrate intolerance and carbohydrate malabsorption 
besides NHP/NMP is an alternative mechanism for symptom generation.

BST might represent a (more invasive) alternative to HBT/MBT for diagnosing FM/LM. An abnormal BST 
indicates the absence of an increase in blood glucose levels after the ingestion of fructose/lactose due to a lack 
of absorption (FM) or hydrolyzation (LM)25.

The aim of our study was to determine the validity and reliability of MBT and blood sugar tests (BST) in 
pediatric patients with suspected carbohydrate malabsorption. We compared and combined HBT and MBT, BST 
and clinical symptoms in order to establish reliable cut-off values and a diagnostic algorithm for diagnosing LM 
and FM in children.

Patients and methods
Patients. In this retrospective single-center study we evaluated the diagnostic value of HBT and MBT in 
pediatric patients with unclear chronic abdominal pain and suspected LM and/or FM. Expiratory  H2 and  CH4 
concentrations were correlated with simultaneously measured blood sugar levels and clinical/gastrointestinal 
symptoms. Some patients were tested for LM and FM and had, therefore, more than one breath test but only on 
different days. Patients underwent routine follow-up investigations if the tests were negative and symptoms per-
sisted. We included patients with unclear chronic/recurrent abdominal pain, which were referred to the Depart-
ment of Pediatrics at the Rostock University Medical Center (Rostock, Germany) by pediatricians between 
January 2012 and May 2015. Each patient underwent a clinical evaluation by one of our physicians and was 
monitored during the tests by a trained nurse. Clinical evaluation included a detailed medical history, a physical 
examination and blood tests if indicated. Parents were informed about the pre-test requirements prior to the test. 
If the tests were positive, all patients received an immediate dietary counselling by a pediatrician and in addition 
they were offered an appointment for further dietary counselling by a dietician at our hospital. Since substan-
tial overlap between carbohydrate malabsorption and other gastroenterological diseases has been  observed26, 
patients with known gastroenterological diseases (including hereditary fructose intolerance but except carbohy-
drate malabsorption) were excluded from the study in both groups (FM, LM).

Pre-test conditions. Patients had to discontinue antibiotics, probiotics, prokinetic agents, laxatives or flu-
ids for bowel/colonoscopy preparation 4 weeks before the breath test. Three days prior to the test fiber rich, 
highly saccharated or bloating food had to be avoided. Patients had to fast before the test for 8–12 h depend-
ing on their age. Patients were not allowed to eat or drink during the tests. Sport, smoking, chewing gum and 
brushing their teeth was also forbidden during the test. Compliance to the pre-test procedures was assessed by 
a checklist prior to the test. Patients were excluded from the study if the pre-test conditions were not followed.

Breath tests. Breath tests were performed in our outpatient department in the morning and supervised by a 
trained nurse. Measures were taken at baseline and during the test at 30 min, 60 min, 90 min, 120 min, 150 min 
and 180 min. An overview of the test procedure is outlined in Table 1. The test solution consisted of 1 g fructose 
per kilogram bodyweight (max. 25 g) dissolved in water (10% solution) or 2 g lactose per kilogram bodyweight 
(max. 50 g) dissolved in water (20% solution).  H2 and  CH4 levels of end-expiratory breath samples were analyzed 
within 24 h after collections on a stationary non invasive breath/trace gas analyzer “Breath Tracker SC” (Quin-
Tron, Milwaukee, USA) and recorded by a trained technician. Alveolar air was collected using “Alveo Sampler” 
(QuinTron, Milwaukee, USA), a mouthpiece connected via a Y-piece to a polyethylene bag and a syringe. After 
deep inspiration followed by a brief apnea period, patients exhaled into the polyethylene bags and only end-
expiratory air after a 10 s expiration was collected. The polyethylene bags were sealed immediately after collect-
ing each breath sample. Each sample was measured twice and mean values of these two measurements were used 
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for calculating delta values. The threshold for detecting  H2 and  CH4 with our stationary gas chromatograph is 
1 ppm, with an accuracy of ± 3 ppm of full scale.

We considered an increase of breath  H2 ≥ 20 ppm in at least one measurement as  positive4,27,28. For breath  CH4 
we considered a  CH4 concentration ≥ 10 ppm at any measurement as a positive  result28 and compared it with a 
lower threshold of ≥ 5 ppm and a threshold calculated by receiver operating characteristic (ROC) curve analyses. 
Patients having an elevated baseline value (0 min:  H2 > 20 ppm/CH4 ≥ 10 ppm) were excluded. Patients with LM/
FM having a baseline breath  CH4 > 3 ppm were defined as  CH4 producers. A patient with a positive HBT result 
was considered having FM or LM, respectively. These results were used as “gold standard” to calculate sensitivity, 
specificity, positive predictive values (PPV) and negative predictive values (NPV) for MBT, BST and  symptoms27.

Blood sugar tests. Blood sugar levels were measured using a handheld device called “ACCU-CHEK 
Inform II” (Roche, Basel, Switzerland). Blood samples were obtained from a clean and dry fingertip after skin 
disinfection. Immediately after pricking the fingertip with a lancet, the blood drop was applied to the test strip. 
An increase of blood glucose < 1.1  mmol/L during all BST was considered positive indicating carbohydrate 
 malabsorption2,28. Delta values were calculated using the blood sugar level at a certain time (e.g., 15 or 30 min) 
and then being subtracted from the baseline value (0 min).

Symptoms and subject conditions. New onset of (gastrointestinal) symptoms during the breath tests 
was documented based on a symptoms questionnaire before the test at baseline and during the test at different 
time points (30 min, 60 min, 90 min, 120 min, 150 min, 180 min). The questionnaire covered the following 
symptoms (yes/no answers): abdominal pain, bloating, nausea, flatulence, vomiting, diarrhea. The test would 
have been stopped if a patient had not tolerated the test conditions. All breath test results were interpreted by an 
experienced pediatric gastroenterologist who was blinded to symptoms and subject conditions.

Data analysis. We used Microsoft Excel Version 16.26 for Mac (Microsoft Corporation, Redmond, USA) 
for data collection. SPSS Version 25 for Windows (IBM Corporation, Armonk, USA) was used for statistical 
analysis and the graphs were produced in Sigma Plot 13.0 (Systat Software GmbH, Germany). Percentages are 
provided for categorical variables. Continuous variables are expressed as median and range. ROC curve analyses 
were used to determine the statistically optimal cut-off value for breath tests based on sensitivity and  specificity29. 
Cohen’s κ was used to determine if there was an agreement between HBT and MBT/BST/symptoms during the 
breath tests. Standard error (SE), 95% confidence intervals (CI) were calculated and provided. Pearson  X2-Test 
and Fisher’s exact test were used to verify if two or more categorial variables are statistically dependent.

Ethics. The study was carried out in accordance with the declaration of Helsinki’s ethical principles for medi-
cal research involving human subjects and approved by the ethics committee of the University Medical Center 
Rostock, Germany (reference no. A 2015–0091). Informed consent was obtained from all subjects or, since most 
subjects were under 18, from a parent and/or legal guardian.

Results
Patients. A total of 269 breath tests were performed on 238 children aged from 2 to 18 years (mean age of 
patients with suspected FM: 11.0 years and 10.4 years in patients with suspected LM) according to our study 
protocol (Table 1). Detailed patients’ characteristics are provided in Table 2. Diagnostic tests were performed in 
187 patients with suspected FM, while 82 patients were tested for LM. Out of 238 patients, 31 children (13%) 
were tested for both types of carbohydrate malabsorption with a median time interval of 14 days between the 
two breath tests. Based on the test protocols, none of the tests had to be terminated due to patients’ intoler-
ance of the test conditions. Patients having an elevated baseline value (0 min:  H2 > 20 ppm/CH4 ≥ 10 ppm) were 
excluded. This was the case in suspected FM for 51 patients (30 with an elevated  H2 baseline, 14 with an elevated 
 CH4 baseline and 7 with elevated baseline values in  H2 and  CH4). In suspected LM, we excluded 16 patients (11 
with an elevated  H2 baseline, 4 with an elevated  CH4 baseline and 1 with elevated baseline values in  H2 and  CH4).

Breath test results. Following the cut-off values recommended by the “North American Consensus Con-
ference for Hydrogen and Methane Breath Testing in Gastrointestinal Disorders” (NACC)27, FM was diagnosed 
by HBT in 113 (60%) patients whilst 16 (20%) had a positive HBT for LM (increase in  H2 concentration ≥ 20 ppm 
above baseline). Increased  CH4 levels ≥ 10 ppm during MBT were seen in 66 (35%)/14 (17%) patients with sus-
pected FM/LM. For FM/LM, a negative MBT in combination with a positive HBT (non-methane producer; 
“false negative”) was found in 47 of 113 (42%)/3 of 16 (19%) patients. MBT for diagnosing FM using current 

Table 1.  Overview of test procedures.

Time, minutes 0 15 30 45 60 90 120 150 180

Blood sugar test (BST) X X X X X

Hydrogen  (H2) breath test (HBT) X X X X X X X

Methane  (CH4) breath test (MBT) X X X X X X X

Symptoms questionnaire X X X X X X X
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cut-off values had a sensitivity of 58% and a specificity of 100% (Table 3). MBT had a sensitivity of 81% and a 
specificity of 99% in patients with suspected LM. PPV and NPV values are provided in Table 4.

There was a significant correlation between MBT and HBT in FM (Pearson-X2-Test: p < 0.001; Table 5), 
whereas the relative strength of the relationship was medium (Phi Coefficient: φ = 0.598, p < 0.001). Cohen’s κ 
was performed to determine if there is an agreement between MBT and HBT in  FM30,31 and showed a moderate 

Table 2.  Characteristics of patients with suspected carbohydrate malabsorption and overview of test results. 
HBT hydrogen breath test (an increase of  H2 ≥ 20 ppm over baseline was considered positive). MBT methane 
breath test (a  CH4 concentration ≥ 10 ppm at any time point was considered positive). BST Blood sugar test 
(an increase of blood glucose < 1.1 mmol/L at any time point was considered positive). Symptoms patients who 
showed or reported any symptoms during the test procedure. NMP non-methane producer (patients with a 
positive HBT but with a negative MBT).

Patients All 2–5 years 6–8 years 9–11 years 12–14 years 15–18 years

Tests, n (%)

Fructose 187 (100) 27 (14) 35 (19) 47 (25) 35 (19) 43 (23)

Lactose 82 (100) 20 (24) 13 (16) 17 (21) 14 (17) 18 (22)

Sex, female/male ratio

Fructose 1.9 2.0 1.5 1.8 0.8 3.3

Lactose 1.8 1.5 0.6 2.4 1.8 2.6

Age, years (range/mean)

Fructose 2.3–18 (11.0) 4.5 7.7 10.4 13.3 16.4

Lactose 2.9–18 (10.4) 4.5 7.1 10.7 13.6 16.5

HBT positive, n (%)

Fructose 113 (60) 23 (12) 24 (13) 32 (17) 20 (11) 14 (7)

Lactose 16 (20) 3 (4) 3 (4) 2 (2) 3 (4) 5 (6)

MBT positive, n (%)

Fructose 66 (35) 16 (9) 19 (10) 20 (11) 7 (4) 4 (2)

Lactose 14 (17) 2 (2) 3 (4) 2 (2) 4 (5) 3 (4)

BST positive, n (%)

Fructose 109 (58) 13 (7) 18 (10) 27 (14) 17 (9) 34 (18)

Lactose 12 (15) 0 (0) 1 (1) 3 (4) 3 (4) 5 (6)

Symptoms positive, n (%)

Fructose 51 (27) 11 (6) 5 (3) 13 (7) 6 (3) 16 (9)

Lactose 23 (28) 2 (2) 2 (2) 7 (9) 4 (5) 8 (10)

NMP positive, n (%)

Fructose 47 (25) 7 (4) 5 (3) 12 (6) 13 (7) 10 (5)

Lactose 3 (4) 1 (1) 0 (0) 0 (0) 0 (0) 2 (2)

Table 3.  Comparison of methane breath tests, blood sugar tests and symptoms with results of hydrogen breath 
tests in patients with suspected fructose malabsorption. HBT hydrogen breath test (an increase of  H2 ≥ 20 ppm 
over baseline was considered positive). MBT methane breath test (a  CH4 concentration ≥ 10 ppm at any time 
point was considered positive). BST blood sugar test (an increase of blood glucose < 1.1 mmol/L at any time 
point was considered positive). Symptoms patients who showed or reported any symptoms during the test 
procedure. PPV positive predictive value. NPV negative predictive value.

HBT (n = 187)

Sensitivity (%) Specificity (%) PPV (%) NPV (%)Positive, n (%) Negative, n (%)

MBT

Positive 66 (35) 0 (0)
58 100 100 61

Negative 47 (25) 74 (40)

BST

Positive 59 (32) 50 (27)
52 32 54 31

Negative 54 (29) 24 (13)

Symptoms

Positive 31 (17) 20 (11)
27 73 61 40

Negative 82 (44) 54 (29)



5

Vol.:(0123456789)

Scientific Reports |        (2020) 10:18972  | https://doi.org/10.1038/s41598-020-75987-6

www.nature.com/scientificreports/

agreement (κ = 0.526; 95% CI 0.422–0.630; p < 0.001). Breath tests in patients with suspected LM also had a sig-
nificant correlation between MBT and HBT (Fisher’s exact test, p < 0.001). The relative strength of this relation-
ship was strong (Phi Coefficient: φ = 0.84, p < 0.001) and Cohen’s κ indicated an excellent agreement (κ = 0.837; 
95% CI 0.682–0.992; p < 0.001)30,31.

Blood sugar tests. Blood sugar test have been performed in parallel to all 269 breath tests. Using the recom-
mended blood glucose cut-off of 1.1 mmol/L for diagnosing FM resulted in a sensitivity/specificity of 52%/32%, 
whereas for LM it resulted in a sensitivity/specificity of 50%/94%. The PPV/NPV for diagnosing FM based on 
BST was 54%/31% and for LM 87%/89%, respectively.

In FM the observed association between BST and HBT (Pearson Chi Square: Χ2(1) = 4.3, p = 0.037) showed a 
weak relationship (Phi coefficient: φ = − 0.152, p = 0.037). A degree of agreement cannot be defined, given negative 
Kappa values. BST and HBT in LM showed a significant association (Fisher’s exact test; p < 0.001) and a medium 
strength of relationship (Phi coefficient: φ = 0.493, p < 0.001). There was a moderate level of agreement between 
the two tests (Cohen’s κ = 0.485; 95% CI 0.236–0.734; p < 0.001)30,31.

ROC curve analyses. A patient with a positive HBT was considered having FM/LM. For subsequent ROC 
curve analyses the highest  CH4 value during the test (measured 0–180 min, Table 1) and the highest blood sugar 
delta value during the test, which is the maximum increase above baseline (measured at 15–60 min, Table 1) was 
used. Results of the ROC curve analyses are presented in Table 6 and in Fig. 1a,b.

MBT in suspected FM had an area under the ROC curve (AUROCC) of 0.967 (SE 0.011, 95% CI 0.946–0.989, 
p < 0.001) whilst BST resulted in an AUROCC of 0.432 (SE: 0.045, 95% CI 0.345–0.52, p = 0.118). In our study 

Table 4.  Comparison of methane breath tests, blood sugar tests and symptoms with results of hydrogen breath 
tests in patients with suspected lactose malabsorption. HBT hydrogen breath test (an increase of  H2 ≥ 20 ppm 
over baseline was considered positive). MBT methane breath test (a  CH4 concentration ≥ 10 ppm at any time 
point was considered positive). BST blood sugar test (an increase of blood glucose < 1.1 mmol/L at any time 
point was considered positive). Symptoms patients who showed or reported any symptoms during the test 
procedure. PPV positive predictive value. NPV negative predictive value.

HBT (n = 82)

Sensitivity (%) Specificity (%) PPV (%) NPV (%)Positive, n (%) Negative, n (%)

MBT

Positive 13 (16) 1 (1)
81 99 93 96

Negative 3 (4) 65 (79)

BST

Positive 8 (10) 4 (5)
50 94 67 89

Negative 8 (10) 62 (76)

Symptoms

Positive 8 (10) 15 (18)
50 77 35 86

Negative 8 (10) 51 (62)

Table 5.  Correlation of methane breath tests, blood sugar tests and symptoms in carbohydrate malabsorption. 
The independence of MBT/BST/Symptoms from HBT was tested with Pearson’s Chi-Squared Test or Fisher’s 
Exact Test. In LM, Fisher’s exact test was used because of the small sample size. Phi (φ) was used for finding 
an association of MBT/BST/Symptoms with HBT and Cohens’ Kappa (κ) was calculated for checking the 
reliability of MBT/BST/Symptoms for diagnosing fructose or lactose malabsorption. HBT hydrogen breath test. 
MBT methane breath test. BST: blood sugar test. SE standard error. 95% CI_low/CI_high Cohens’ Kappa (κ) 
95% confidence interval lower/upper threshold in ppm (MBT)/mmol/L (BST). P values < 0.05 were considered 
statistically significant. df degree of freedom.

Independence Association Reliability

Pearson’s Chi-Squared test Fisher’s exact test df P Phi (φ) P Kappa (κ) P SE 95% CI_low 95% CI_high

HBT fructose

MBT 66.796 – 1 0.000 0.598 0.000 0.526 0.000 0.053 0.422 0.630

BST 4.337 – 1 0.037 − 0.152 0.037 − 0.152 0.037 0.071 − 0.291 − 0.013

Symptoms 0.004 – 1 0.951 0.040 0.951 0.004 0.951 0.058 − 0.110 0.118

HBT Lactose

MBT – 57.828 1 0.000 0.840 0.000 0.837 0.000 0.079 0.682 0.992

BST – 19.902 1 0.000 0.493 0.000 0.485 0.000 0.127 0.236 0.734

Symptoms – 4.745 1 0.059 0.214 0.029 0.234 0.029 0.117 0.005 0.463
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cohort the statistically optimal  CH4 cut-off value for diagnosing FM was 6.25 ppm with a sensitivity of 91% and 
a specificity of 92%, whereas for BST it was 1.95 mmol/L (sensitivity 97%, specificity 13%).

MBT in patients with suspected LM had an AUROCC of 0.986 (SE: 0.011, 95% CI 0.964–1.000, p < 0.001). 
BST in patients with suspected LM resulted in an AUROCC of 0.857 (SE: 0.047, 95% CI 0.765–0.949, p < 0.001). 
The statistically optimal  CH4 cut-off for detecting LM was 7.5 ppm (sensitivity 94%, specificity 96%) and for BST 
1.75 mmol/L (sensitivity 75%, specificity 81%).

Symptoms. Gastrointestinal symptoms during breath tests were reported in 51 (27%)/23 (28%) patients 
tested for FM/LM (Table 7). The remaining patients did not complain about any symptoms during the breath 
tests. The majority of children with symptoms during the breath test experienced abdominal pain (fructose 
breath test: 39 (21%), lactose breath test: 18 (22%)) whereas none of the children complained about flatulence 
or vomiting. 31 (17%)/8 (10%) children had a positive HBT for FM/LM and showed simultaneously symptoms. 
In FM/LM 11 (6%)/8 (10%) patients had more than one symptom during the test. Onset of gastrointestinal 
symptoms during fructose/lactose breath tests had a sensitivity of 27%/50%, a specificity of 73%/77%, a PPV of 
61%/35% and a NPV of 40%/86% for LM/FM respectively. Cohen’s κ indicated in FM no statistical agreement 

Table 6.  Accuracy of methane breath tests and blood sugar tests in carbohydrate malabsorption. ROC curve 
calculations for fructose/lactose malabsorption. MBT methane breath test. BST blood sugar test. AUC  Area 
under the receiver operating characteristics (ROC) curve. SE Standard error. 95% CI 95% confidence interval. 
P values < 0.05 were considered statistically significant. Cut-off values are given as ppm for MBT and mmol/L 
for BST.

AUC SE 95% CI P Cut-off Sensitivity Specificity

Fructose

MBT 0.967 0.011 0.946 0.989 0.000 6.25 91% 92%

BST 0.432 0.045 0.345 0.520 0.118 1.95 97% 14%

Lactose

MBT 0.986 0.011 0.964 1.000 0.000 7.50 94% 96%

BST 0.857 0.047 0.765 0.949 0.000 1.75 75% 80%

Figure 1.  ROC curve analysis for blood sugar tests (a) and methane breath tests (b) in the diagnosis of 
fructose/lactose malabsorption. (a) Blood sugar was measured before administering the test sugar solution at 
baseline (0 min) and at 15/30/45/60 min and delta values were calculated. The highest blood sugar delta value 
was used and compared with the results of the corresponding hydrogen breath test (true positive). (b) ROC 
curve analysis for methane  (CH4) breath tests in patients with suspected fructose and/or lactose malabsorption. 
 CH4 was measured before administering the test sugar solution at baseline (0 min) and at 30/60/90/120 
/150/180 min. The highest  CH4 value was used and compared with the results of the corresponding hydrogen 
breath test (true positive).
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between symptoms and HBT (κ = 0.004; 95% CI − 0.110 to 0.118; p = 0.951) whereas in LM, Cohen’s κ showed a 
weak level of agreement (κ = 0.234; 95% CI 0.005–0.463; p = 0.029). Symptoms which occurred prior to the test 
were not analyzed in this study.

Discussion
We performed a large retrospective single-center study, which allowed us to analyze and compare the diagnostic 
value of HBT, MBT and BST in pediatric patients with chronic abdominal pain and suspected FM/LM. The aim of 
our study was to characterize the diagnostic accuracy of MBT and BST for diagnosing FM/LM. To date there is a 
lack of an international agreement on methodological aspects of breath tests in pediatric patients with suspected 
FM/LM. Published data on BST in this context show either its inferiority to HBT or is  inconclusive2,25,28,32–34. 
Doses used for lactose breath testing ranges from 0.5 to 2 g/kg bodyweight up to a maximal dose of 25–50 g 
 lactose10,18,35. In our cohort 2 g lactose per kilogram bodyweight (max. 50 g) was used and dissolved in water 
(20% solution). For fructose breath tests we used 1 g fructose per kilogram bodyweight (max. 25 g) dissolved in 
water (10% solution) which is in agreement with the current NACC  recommendations1,3,36,37.

For the purpose of this study, patients having a baseline breath  CH4 > 3 ppm were defined as  CH4 producers. 
Accordingly, 64 (34%)/25 (31%) of our patients with suspected FM/LM were classified as  CH4 producers. In 
other studies, the rate of  CH4 producers in healthy subjects varies from 30 to 35%22–24.

Out of 187 patients tested for FM, 113 (60%) had a positive HBT result indicating FM. Simultaneous MBT 
in these patients had a low sensitivity (58%) but high specificity (100%) for diagnosing FM. The PPV of MBT 
equals 100%, indicating that all of the patients marked as positive for FM are actually affected by FM. A NHP is a 
patient suffering from FM even though the HBT is negative. In order to detect NHP in our cohort tested for FM, 
we performed MBT. Using the current HBT/MBT cut-off values for FM, we are not able to detect any NHP in 
our cohort since we did not identify any false positive MBT result. The benefit of measuring  CH4 during fructose 
breath testing might, therefore, be limited. As expected, lowering the  CH4 cut-off increased the sensitivity and 
reduced the specificity of MBT. Our ROC curve analyses showed an optimal  CH4 cut-off value for detecting FM 
of 6.5 ppm. Using this cut-off value, we could increase the MBT sensitivity/specificity to 91%/92%. Lowering the 
 CH4 cut-off to 5 ppm, we observed 29 of 74 (39%) false positive MBT where patients had a positive MBT and a 
negative HBT tested for FM. Therefore, it might be possible to detect NHP using a lower  CH4 cut-off value. This is 
in agreement with an audit that suggested that identifying carbohydrate malabsorption by an increase of ≥ 20 ppm 
in methane producers needs to be questioned due to the variability in readings throughout testing. Instead, using 
a cut-off value of ≥ 5 ppm of methane on a single time point breath test seemed to identify methane  producers38.

As shown in Fig. 2a,b, time course analysis showed that changes in endexpiratory  H2 and  CH4 concentrations 
during fructose breath tests have a similar pattern. They increase during the test until they reach a peak at 60 
to 90 min following by a prompt decrease. Similar results were reported by Rao et al.22. This indicates, that the 
production of  H2 and  CH4 during breath tests behaves similar and a test duration of 3 h is sufficient. During HBT 
and MBT in patients with suspected LM we found a different pattern.  H2 and  CH4 values seem to constantly 
rise without reaching a peak within our test duration (Fig. 2c,d). A longer test duration has been discussed by 
other  authors27. The different patterns in FM and LM might be caused by the different metabolic pathways of 
fructose/lactose.

BST have a statistically significant but only weak connection to HBT. ROC curve analyses showed, that BST 
are not sufficient to diagnose FM even when using a statistically optimal cut-off value of 1.95 mmol/L. Interest-
ingly, the blood sugar values increase with a peak at either minute 15 or 30 in both groups (HBT positive and 
negative), as shown in Fig. 3a. This could be partly an effect of stress followed by the release of  glucocorticoids39. 
An increase of blood glucose < 1.1 mmol/L for all BST was considered  positive2,28. Blood sugar delta values are in 
both groups (HBT positive and negative) mostly below the cut-off (Fig. 3b), whereas patients having FM showed 
higher delta values. Therefore, we conclude that BST has no additional value in diagnosing FM in children.

HBT results may not correlate with gastrointestinal symptoms in FM. Only 27% of our patients (HBT positive 
and negative) complained about symptoms after oral application of fructose. Since the sensitivity (27%) and the 

Table 7.  Gastrointestinal symptoms during breath tests in suspected fructose/lactose malabsorption.

Fructose (n = 187) Lactose (n = 82)

Patients, n (%)

Symptoms 51 (27) 23 (28)

Symptom-free 136 (73) 59 (72)

Total HBT positive HBT negative Total HBT positive HBT negative

Abdominal pain, n (%) 39 (21) 24 (13) 15 (8) 18 (22) 6 (7) 12 (15)

Bloating, n (%) 7 (4) 5 (3) 2 (1) 2 (2) 2 (2) 0 (0)

Nausea, n (%) 13 (7) 8 (4) 5 (3) 11 (13) 2 (2) 9 (11)

Flatulence, n (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Vomiting, n (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Diarrhea, n (%) 6 (4) 5 (3) 1 (1) 0 (0) 0 (0) 0 (0)

 > 1 symptom, n (%) 11 (6) 9 (5) 2 (2) 8 (10) 2 (2) 6 (7)
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specificity (73%) of symptoms during HBT for diagnosing FM is low and Cohens’ κ showed no level of agreement, 
symptoms are not a reliable criterion to identify healthy or affected children. Using symptoms during breath test 
for diagnosing FM showed a higher rate of false negative patients (82 of 113 patients; 73%) compared to 25% of 
subjects in the cohort of adult patients Rao et al.  used22. Studies showed that adult and pediatric individuals might 
have gastrointestinal symptoms during breath tests although the HBT is  negative1,22. These symptoms may occur 
due to a hyperosmolar effect, assuming an incomplete small intestine absorption of the carbohydrate. In our 
cohort of patients with suspected FM, this effect was observed in 20 patients (11%). In a recent study by Helwig 
et al.40, diarrhea and bloating significantly correlated with the total  H2 maximum, the maximum  H2 increase and 
the AUROCC of the HBT with fructose. As indicated by these findings, symptoms which occur during breath 
tests are not a reliable parameter to diagnose FM. Given the reported lack of association of the induction of 
symptoms (carbohydrate intolerance) with a positive fructose breath test result (carbohydrate malabsorption) 
we would recommend a diagnostic dietary intervention even in a highly symptomatic patient with a negative 
breath test result. However, we would not necessarily recommend a dietary intervention in a patient with a posi-
tive breath test but no symptoms. Furthermore, the issue of breath test results and poor symptom correlation 
needs further improvement given the poor reproducibility and low predictive value for symptom responses for 
example in fructose breath testing for clinical application in functional GI  diseases7. In addition, an insufficient 
hydrogen response during a breath test in patients with suspected carbohydrate malabsorption might be caused 
by efficient hydrogen utilization by methanogens, sulphate-reducing bacteria and/or acetogens. Lactulose can-
not be absorbed in the small intestine and is fermented in the large intestine. Therefore, a patient’s ability to 

Figure 2.  Time course analysis of endexpiratory hydrogen  (H2) and methane  (CH4) concentrations during 
hydrogen/methane breath tests (HBT/MBT) performed in children with suspected carbohydrate malabsorption. 
Shown are the hydrogen (a,c) and methane (b,d) concentrations during breath tests performed with fructose 
(a,b) and lactose (c,d). A positive HBT  (H2 positive) was defined by an increase of  H2 ≥ 20 ppm at 30/60/90/120 
/150/180 min after administering of the respective test sugar solution. A  CH4 concentration ≥ 10 ppm at any 
measurement was considered as a positive MBT  (CH4 positive). Patients with an elevated baseline value (0 min: 
 H2 > 20 ppm/CH4 ≥ 10 ppm) were excluded. Error bars at any given time are showing the standard error of the 
mean.
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produce hydrogen and/or methane can be assessed through a lactulose breath test, which provides a positive 
control for further breath testing in patients with suspected fructose/lactose malabsorption. Therefore, lactulose 
breath tests are frequently used as a baseline test in clinical practice to improve the interpretation of subsequent 
breath test results. Although HBT with lactulose cannot be routinely recommended to identify non-hydrogen 
producers, such a baseline test could enable a more rational interpretation of the results after tests with other 
sugars by specifying the strength of hydrogen production in the patient. It has been suggested that a lactulose 
HBT allows an optimal duration of the subsequent breath tests and provides possible mechanistic information 
on carbohydrates  malabsorption41. However, lactulose can alter transit time which may not occur in the same 
way for fructose or lactose. Hence the time of rise of breath hydrogen or methane may not be consistent for 
different sugars in the same individual.

Following the present test parameters published by the NACC, HBT for LM were positive in 16 (20%) of our 
patients with suspected LM. 25 (31%) children tested for LM were  CH4 producers but at the same time only 14 
(17%) had a sufficient increase in  CH4 concentration  (CH4 ≥ 10 ppm over baseline, therefore are  CH4 positive) to 
successfully be diagnosed with LM. The values of endexpiratory  H2 and  CH4 concentrations at different measure-
ment time points during breath tests in children with suspected LM showed different patterns compared to FM. 
 H2 and  CH4 values seem to constantly rise without having a peak during the test duration of 3 h (Fig. 2c,d). MBT 
showed a good sensitivity (81%) and an excellent specificity (99%). The reported number of NHP varies widely 
from 2 to 43%4. Taken together, these findings suggest that it is difficult to identify NHP with the current criteria 
suggested by the NACC. The detailed mechanism of production and exhalation of  CH4 remains unclear as well 

Figure 3.  Parallel blood sugar testing and hydrogen breath test (HBT) in children with suspected carbohydrate 
malabsorption. Time course analysis of blood sugar levels in children with suspected fructose (a,b) and lactose 
(c,d) malabsorption. A positive HBT  (H2 positive) was defined by an increase of  H2 ≥ 20 ppm at 30/60/90/120 
/150/180 min after administering fructose/lactose. Patients with an elevated  H2/CH4 baseline value (0 min: 
 H2 > 20 ppm/CH4 ≥ 10 ppm) were excluded. Blood sugar levels were measured before administering the test 
sugar solution (0 min, “baseline”) and at 15/30/45/60 min. Shown are the total blood sugar values (a,c) or the 
blood sugar delta values (b,d). Error bars indicate the standard error of the mean.
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as the importance of identifying  NMP42. Statistically, there is a complete agreement between HBT and MBT in 
our study. Our ROC curve analyses revealed an excellent AUROCC (0.986) and an optimal methane cut-off at 
7.5 ppm (sensitivity 94%, specificity 96%) for diagnosing LM. Tormo et al. stated that the pattern of  CH4 excre-
tion is independent of  H2

42. Our tests revealed that  H2 and  CH4 behave similar in most tests, with only 1 patient 
tested for LM having a positive MBT whilst having a negative HBT. If we lower the  CH4 cut-off to 5 ppm during 
testing for LM, we observe 17 of 66 (26%) false positive MBT results where patients had a positive MBT and a 
negative HBT. Thus, it might be possible to detect NHP using a lower  CH4 cut-off value.

After lactose ingestion 12 (15%) patients had a positive BST. Of those 12 children, only 8 had a positive HBT 
and thus were correctly diagnosed with LM based on BST. A low sensitivity (50%) but a high specificity (94%) 
was found in BST for diagnosing LM. Consistent with our results, Ruzsanyi et al. showed that a better agreement 
of HBT with BST was found in patients with a negative BST and a negative HBT compared with patients having 
positive results in both HBT and  BST28. Figure 3a,b shows an early increase in blood sugar levels followed by 
a decrease during breath tests in patients with FM. Figure 3c,d reveals, that children without LM had a higher 
increase in blood sugar levels during breath tests than those having LM. In agreement with that, the blood sugar 
delta values are lower during breath test in the group having LM (Fig. 3d).

Of all tested patients, 23 (28%) showed at least one gastrointestinal symptom after lactose ingestion while 59 
(72%) did not complain about any symptoms. Only 8 patients out of 16 patients with positive HBT using lactose 
reported gastrointestinal symptoms during the breath test. There is only a poor and insignificant correlation of 
symptoms and HBT in LM and the level of agreement is weak. A low sensitivity (50%) and moderate specificity 
(77%) of symptoms indicate that symptoms reported during the HBT are not a reliable parameter for diagnosing 
LM which is in accordance with other  studies2,28.

Due to the fact that our study cohort was recruited between 01/2012 and 05/2015 and therefore before the 
NACC recommendations were updated in  201727 we used max. 50 g lactose instead of max. 25 g for breath tests. 
High doses of lactose showed a significant increase of  H2 production in patients with other gastrointestinal 
 diseases25. We are aware that these high lactose doses also could have influenced our results and might be a 
potential limitation of our study. It has been shown that 25 g of fructose can be absorbed by healthy  individuals22 
and is the recommended by the NACC as the max. dose for breath tests investigating FM. However, there is 
evidence that the capacity to absorb fructose can be easily overwhelmed by administering an excessive amount 
of  fructose22.

Conclusions
Gastrointestinal symptoms after fructose/lactose intake (carbohydrate intolerance) and carbohydrate malab-
sorption are a common problem in children. Due to the lack of diagnostic standardization and contradictory 
results of available tests, it is difficult to establish a reliable and correct diagnose. With the currently used cut-offs 
for breath tests in FM, additional MBT and BST did not show any further diagnostic advantage. In addition, 
repeated BST in children is an invasive approach in order to identify FM. Using current cut-off values for  CH4, 
it was not possible to identify NHP in patients with suspected FM, since we did not identify false positive MBT. 
In LM, MBT can identify most of the patients with LM, also with a good test specificity. BST can correctly iden-
tify individuals with normal carbohydrate absorption and BST might therefore be an option in patients who 
cannot participate in a breath test for suspected LM. For FM and LM, reported symptoms during the breath 
test are not a reliable method to identify children with carbohydrate malabsorption but might be a measure for 
carbohydrate intolerance. If the currently recommended cut-off values for MBT are lowered, it might be possible 
to identify NHP, a group of patients, which were formerly not recognized. The role of patients producing only 
small amounts of  CH4 remains unclear. As NHP in HBT, an existence of NMP in MBT should be considered and 
further investigated. Overall, a combined test approach might help in diagnosing children with carbohydrate 
intolerance/malabsorption.

Received: 29 January 2020; Accepted: 13 October 2020

References
 1. Däbritz, J. et al. Significance of hydrogen breath tests in children with suspected carbohydrate malabsorption. BMC Pediatr. 14, 

59 (2014).
 2. Hovde, Ø. & Farup, P. G. A comparison of diagnostic tests for lactose malabsorption - which one is the best?. BMC Gastroenterol. 

9, 82 (2009).
 3. Gomara, R. E. et al. Fructose intolerance in children presenting with abdominal pain. J. Pediatr. Gastroenterol. Nutr. 47, 6 (2008).
 4. Gasbarrini, A., Corazza, G. R. & Gasbarrini, B. Methodology and indications of H2-breath testing in gastrointestinal diseases: the 

Rome consensus conference. Aliment. Pharmacol. Ther. 29, 1–49 (2009).
 5. Jones, H. F., Butler, R. N., Moore, D. J. & Brooks, D. A. Developmental changes and fructose absorption in children: effect on 

malabsorption testing and dietary management. Nutr. Rev. 71, 300–309 (2013).
 6. Wilder-Smith, C. H., Materna, A., Wermelinger, C. & Schuler, J. Fructose and lactose intolerance and malabsorption testing: the 

relationship with symptoms in functional gastrointestinal disorders. Aliment. Pharmacol. Ther. 37, 1074–1083 (2013).
 7. Yao, C. K. et al. Poor reproducibility of breath hydrogen testing: Implications for its application in functional bowel disorders. 

United Eur. Gastroenterol. J. 5, 284–292 (2017).
 8. Tuck, C. J., McNamara, L. S. & Gibson, P. R. Editorial: rethinking predictors of response to the low FODMAP diet - should we 

retire fructose and lactose breath-hydrogen testing and concentrate on visceral hypersensitivity?. Aliment. Pharmacol. Ther. 45, 
1281–1282 (2017).

 9. Rodeck, B. & Zimmer, K. Pädiatrische Gastroenterologie, Hepatologie und Ernährung: mit 156 Tabellen 190 (Springer, New York, 
2013).

 10. Skoog, S. M. & Bharucha, A. E. Dietary fructose and gastrointestinal symptoms: a review. Am. J. Gastroenterol. 99, 2046–2050 
(2004).



11

Vol.:(0123456789)

Scientific Reports |        (2020) 10:18972  | https://doi.org/10.1038/s41598-020-75987-6

www.nature.com/scientificreports/

 11. Keller, J., Franke, A., Storr, M., Wiedbrauck, F. & Schirra, J. Klinisch relevante Atemtests in der gastroenterologischen Diagnos-
tik—Empfehlungen der Deutschen Gesellschaft für Neurogastroenterologie und Motilität sowie der Deutschen Gesellschaft für 
Verdauungs- und Stoffwechselerkrankungen. Zeitschrift für Gastroenterol. 43, 1071–1090 (2005).

 12. Ferraris, R. P., Choe, J. & Patel, C. R. Intestinal absorption of fructose. Annu. Rev. Nutr. 38, 41–67 (2018).
 13. Barone, S. et al. Slc2a5 (Glut5) is essential for the absorption of fructose in the intestine and generation of fructose-induced 

hypertension. J. Biol. Chem. 284, 5056–5066 (2009).
 14. Ebert, K. & Witt, H. Fructose malabsorption. Mol. Cell. Pediatr. 3, 10 (2016).
 15. Suchy, FJ. et al. NIH Consensus Development Conference Statement: Lactose Intolerance and Health. NIH Consens State Sci State-

ments, 1–27 (2010).
 16. Storhaug, C. L., Fosse, S. K. & Fadnes, L. T. Country, regional, and global estimates for lactose malabsorption in adults: a systematic 

review and meta-analysis. Lancet Gastroenterol. Hepatol. 2, 738–746 (2017).
 17. Misselwitz, B. et al. Lactose malabsorption and intolerance: pathogenesis, diagnosis and treatment. United Eur. Gastroenterol. J. 

1, 151–159 (2013).
 18. Anania, C. et al. Breath tests in pediatrics. Clin. Chim. Acta 397, 1–12 (2008).
 19. Simren, M. Use and abuse of hydrogen breath tests. Gut 55, 297–303 (2006).
 20. de Lacy Costello, B. P. J., Ledochowski, M. & Ratcliffe, N. M. The importance of methane breath testing: a review. J. Breath Res. 7, 

024001 (2013).
 21. Mathur, R. et al. Methane and hydrogen positivity on breath test is associated with greater body mass index and body fat. J. Clin. 

Endocrinol. Metab. 98, E698–E702 (2013).
 22. Rao, S. S. C., Attaluri, A., Anderson, L. & Stumbo, P. The Ability of the Normal Human Small Intestine to Absorb Fructose: Evaluation 

by Breath Testing 11 (Elsevier, Amsterdam, 2008).
 23. Triantafyllou, K., Chang, C. & Pimentel, M. Methanogens, methane and gastrointestinal motility. J. Neurogastroenterol. Motil. 20, 

31–40 (2014).
 24. Bond, J. H., Engel, R. R. & Levitt, M. D. Factors influencing pulmonary methane excretion in man. J. Exp. Med. 133, 572–588 

(1971).
 25. Ghoshal, U. C., Kumar, S., Misra, A. & Mittal, B. Lactose malabsorption diagnosed by 50-g dose is inferior to assess clinical intol-

erance and to predict response to milk withdrawal than 25-g dose in an endemic area: Lactose dose for hydrogen breath test. J. 
Gastroenterol. Hepatol. 28, 1462–1468 (2013).

 26. Di Rienzo, T. D. et al. Lactose intolerance: from diagnosis to correct management. Eur. Rev. Med. Pharmacol. Sci. 17, 18–25 (2013).
 27. Rezaie, A. et al. hydrogen and methane-based breath testing in gastrointestinal disorders: the North American consensus. Am. J. 

Gastroenterol. 112, 775–784 (2017).
 28. Ruzsanyi, V. et al. Diagnosing lactose malabsorption in children: difficulties in interpreting hydrogen breath test results. J. Breath 

Res. 10, 016015 (2016).
 29. Weiß, C. Basiswissen Medizinische Statistik: mit 20 Tabellen 264 (Springer, New York, 2013).
 30. Landis, J. R. & Koch, G. G. The Measurement of Observer Agreement for Categorical Data. Biometrics 33, 159 (1977).
 31. McHugh, M. L. Interrater reliability: the kappa statistic. Biochem. Med. 22, 276–282 (2012).
 32. Ponte, P. et al. Clinical evaluation, biochemistry and genetic polymorphism analysis for the diagnosis of lactose intolerance in a 

population from northeastern Brazil. Clinics 70, 82–89 (2016).
 33. Berg, A. et al. Hydrogen concentration in expired air analyzed with a new hydrogen sensor, plasma glucose rise, and symptoms 

of lactose intolerance after oral administration of 100 gram lactose. Scand. J. Gastroenterol. 20, 814–822 (1985).
 34. Douwes, A. C., Schaap, C. & van der Klei-van Moorsel, J. M. Hydrogen breath test in schoolchildren. Arch. Dis. Childhood 60, 

333–337 (1985).
 35. Gijsbers, C., Kneepkens, C. & Büller, H. Lactose and fructose malabsorption in children with recurrent abdominal pain: results 

of double-blinded testing: Role lactose and fructose in abdominal pain. Acta Paediatr. 101, 411–415 (2012).
 36. Jones, H. F. et al. Effect of age on fructose malabsorption in children presenting with gastrointestinal symptoms. J. Pediatr. Gas-

troenterol. Nutr. 52, 581–584 (2011).
 37. Tsampalieros, A., Beauchamp, J., Boland, M. & Mack, D. R. Dietary fructose intolerance in children and adolescents. Arch. Dis. 

Child. 93, 1078–1078 (2008).
 38. Harvie, R. M., Tuck, C. J. & Schultz, M. Evaluation of lactulose, lactose, and fructose breath testing in clinical practice: A focus on 

methane. JGH Open 4, 198–205 (2020).
 39. Kuo, T., McQueen, A., Chen, T.-C. & Wang, J.-C. Regulation of glucose homeostasis by glucocorticoids. Glucocorticoid Signal. 872, 

99–126 (2015).
 40. Helwig, U., Koch, A. K., Koppka, N., Holtmann, S. & Langhorst, J. The predictive value of the hydrogen breath test in the diagnosis 

of fructose malabsorption. Digestion 99, 140–147 (2019).
 41. Bate, J. P., Irving, P. M., Barrett, J. S. & Gibson, P. R. Benefits of breath hydrogen testing after lactulose administration in analysing 

carbohydrate malabsorption. Eur. J. Gastroenterol. Hepatol. 22, 318–326 (2010).
 42. Tormo, R., Bertaccini, A., Conde, M., Infante, D. & Cura, I. Methane and hydrogen exhalation in normal children and in lactose 

malabsorption. Early Hum. Dev. 65, 165–172 (2001).

Acknowledgements
We thank Birgit Marion Salewski for her help with breath tests and excellent technical work. The authors also 
thank the team of the Institute for Biostatistics and Informatics in Medicine and Ageing Research at the Rostock 
University Medical Center (Rostock, Germany) for statistical consulting.

Author contributions
C.S.: acquisition of data; analysis and interpretation of data; statistical analysis; preparation of figures and tables; 
wrote the first draft of the manuscript. K.D.W.: acquisition of data; review of the manuscript. J.D.: study concept 
and design; analysis and interpretation of data; critical revision of the manuscript for important intellectual 
content. Each author has approved the final version of the report and takes full responsibility for the manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Competing interests 
The authors declare no competing interests.



12

Vol:.(1234567890)

Scientific Reports |        (2020) 10:18972  | https://doi.org/10.1038/s41598-020-75987-6

www.nature.com/scientificreports/

Additional information
Correspondence and requests for materials should be addressed to J.D.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2020

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Methane breath tests and blood sugar tests in children with suspected carbohydrate malabsorption
	Patients and methods
	Patients. 
	Pre-test conditions. 
	Breath tests. 
	Blood sugar tests. 
	Symptoms and subject conditions. 
	Data analysis. 
	Ethics. 

	Results
	Patients. 
	Breath test results. 
	Blood sugar tests. 
	ROC curve analyses. 
	Symptoms. 

	Discussion
	Conclusions
	References
	Acknowledgements


