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ABSTRACT T 

Background:: Hydrogen (H,) is generated in the intestinal lumen by bacterial action on 
carbohydratess in the large or small intestine. This H, diffuses into the blood stream and then to 
thee alveoli, after which it can be detected in expiratory air. Levitt (1969) demonstrated the 
correlationn between intestinal H, production and H, excretion in expired air. Thus, accurate 
measurementss of H, in expired air can diagnose the aetiology of chronic diarrhea like abnormal 
breakdownn and/or malabsorption of carbohydrates, abnormal intestinal transit time etc. 

Materialss and methods: This study examined 30 chronic diarrhea cases and 11 normal/ 
controll  volunteers in the outpatient clinic Cipto Mangunkusumo Hospital Jakarta 1998-1999. 

Hydrogen-breathh test used the Lactometer H„  breathtester Hoek Loos in the Pediatric 
gastroenterologyy Cipto Mangunkusumo Hospital Jakarta. Medical history was taken, with 
physicall  examination, stool and other laboratory examination, esophagogastroduodeno-
jejunoscopy,, ileocolonoscopy and histopathological examination. 

Result:: The patients, mean age 45.23  15.56 years of age (20-75 years), the most frequent 
agee was 50-59 years of age (36.7%), the nutritional status was good in 66.7%, the type of 
diarrheaa was soft non bloody and non steatorrhea in 63.3%. On hydrogen-breath test we 
foundd that transit time was normal in 83.3% and was rapid (accelerated) in 10.0%, Other results 
includee lactose intolerance 23.3%, bacterial overgrowth 43.3%.Transit time did not correlated 
withh bacterial overgrowth nor stool culture (p>0.05). Bacterial overgrowth did not correlated 
withh stool culture result nor characteristics (p>0.05). Age correlated with lactose intolerance/ 
malabsorptionn (p<0.01). The orocaecal transit time in the chronic diarrhea group was more 
rapidd than in the normal/control group (p<0.01). Bacterial overgrowth and lactose intolerance 
weree found more in the chronic diarrhea group than in the norma!/control group. 

Conclusion:: The orocaecal transit time in chronic diarrhea was more rapid than in normal. 
Wee found bacterial overgrowth 23.3% in chronic diarrhea. 

Keyy words: Hydrogen-breath test chronic diarrhea, small intestine 

48 48 



Hydrogen-breathHydrogen-breath Test in Chronic Diarrhea 

INTRODUCTION N 
Hydrogenn (H,) is generated in the intestinal lumen by bacterial action (bacterial anaerobic 

fermentation)) on carbohydrates in the large or small intestine.(l) This Hn diffuses rapidly into 
thee blood stream and then to the alveoli, after which it can be detected in expired air (the 
breath),, Levitt (1969) demonstrated the correlation between intestinal lumen Hn production 
andd H, excretion in expired air.(2) 

Orall  ingestion of a poorly absorbable carbohydrate therefore results in a rise in breath 
hydrogenn which occurs within a few minutes of the substrate entering the anaerobic region, 
usuallyy the caecum. Some studies showed a rise in breath hydrogen of 5-10 ppm when lactulose 
and/orr polyethylene glycol (PEG) were directly infused into the caecum.(3,4) 

Iff  there is bacterial overgrowth or infection or contamination in the small bowel which lead 
too anaerobic fermentation, it wil l cause the overproduction of hydrogen.(5) Other situations 
characterizedd by hydrogen production within the small bowel in response to oral carbohydrate 
includee pseudo-obstruction and ileal resection with loss of the ileocaecal valve.(6,7) 

Thus,, accurate measurements of H, in expiratory air (Hydrogen breath test = HBT) can aid 
inn diagnosing the etiologies of chronic diarrhea such as abnormal breakdown and /or 
malabsorptionn of carbohydrates, abnormal intestinal transit time etc.(5,8,9,10,11) 

Theree are multiple aetiologies in chronic diarrhea including infectious/infective/ bacterial 
overgrowthh and non-infectious/non-infective. In this study we studied the HBT results in 
chronicc diarrhea cases amongst Indonesian people. 

MATERIALL AND METHOD 
Al ll  chronic diarrhea patients above 12 years old since January 1995 - December 2000 were 

includedd in this study. The patients underwent medical history, physical examinations, stool 
examinationss and gastroduodenojejunoscopy with ileocolonoscopy examinations and 
histopathologvv examination. An Olympus PCF-10 was used for the gastroduodenojejunoscopy 
examinationn and an Olympus CF-200 was used for the ileocolonoscopy examination. Biopsy 
specimenss were sent to the Indonesian pathologists in the University of Indonesia for 
histopathologicc examination. Patients then underwent HBT, using the Lactometer H, 
breathtesterr Hoek Loos. Before the examination the patient fasted for 12 hours. To measure 
thee orocaecal time the patients drank 20 ml lactulose + 100 ml water before and after the test. 
Thee HBT was performed with a 30 minute interval. All breath samples were end-expiratory 
andd analyzed immediately with the H2-1acto meter. The concentration of breath hydrogen was 
measuredd in parts per million (ppm). The test was deemed positive if there was an increment 
off  H, more than 10 ppm over the baseline value. The patient was defined as non-hydrogen 
producerr or exhibiting delayed transit time if there was a rise of less than 10 ppm above 
baselinee in response to lactulose after 180 minutes. The commonest causes of non-hydrogen 
producerr status were that the subjects produced large amounts of methane, had recent bowel 
preparationn for colonoscopy, had taken broad spectrum antibiotics or had profuse diarrhea 
whichh disturbed the normal anaerobic flora of the colon. As a control group we included 11 
normall  volunteers to obtain the normal orocaecal time of Indonesian adults and normal 
valuess of H, breath test result. The orocaecal transit time is defined as normal if a rise in breathi-
ngg occurs between 60 -180 minutes. The normal mean of oro-caecal transit is 119 min, the time 
too reach 21 ppm, 10 ppm above baseline (11 ppm).(l) The transit time is defined as rapid, if the 
breath-H33 rise occurs in less than 60 minutes. Small Intestine Bacterial Overgrowth (SIBO) was 
definedd if we observed a high rise (early rise) of breath-H, in the first few minutes or there was 
aa double peak appearance of the rise of breath-H2.(5,8) Lactose intolerance or malabsorption 
wass defined if there was a high rise (early rise ) of breath-H; after ingestion of lactose (before 
22 hours), an absolute change in hydrogen concentration of >20 ppm.(8,9) 
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RESULT T 
Thirtyy chronic diarrhea patients and eleven normal volunteers underwent a HBT study. 

Thee patients mean age was 45.23 + 15.56 years old (20-75 years), and the most frequent age 
groupp was 50-59 years (36.7%). The most frequent other characteristics were male (56.7%), 
goodd nutritional status (66.7%), soft non bloody and non steatorrhea diarrhea (63.3%), duration 
off  diarrhea 0.75-3 months (63.3%)(See table 1). The patients characteristics are not different 
comparedd to the control group. 

Tabl ee 1. Patient' s and Contro l Group' s Characteristi c 

Characteristic s s 

Agee group(years): 
20-29 9 
30-39 9 
40-49 9 
50-59 9 
60-69 9 
70-79 9 

Sex: : 
Mate e 
Female e 

Nutritionall status : 
Over r 
Good d 
Under r 

Typee of diarrhea: 
Steatorrhea a 
Bloodyy diarrhea 
Nonn steatorrhea-non bloody 
Watery y 

Durationn of diarrhea (months): 
0.755 - 3 
>3-- 12 
>122

Chroni c c 
Diarrhe aa Cases 

(n=30) ) 

6(20) ) 
6(20) ) 
3(10) ) 

11(36.7) ) 
2(6.7) ) 
2(6.7) ) 

17(56.7) ) 
13(43.3) ) 

3(10) ) 
20(66.7) ) 

7(23.3) ) 

11 (3-3) 
7(23.3) ) 

19(63.3) ) 
3(10.0) ) 

19(63.3) ) 
6(20.0) ) 
5(16.7) ) 

Contro l l 
Grou p p 
(n=11) ) 

0(0.0) ) 
33 (27.3) 
33 (27.3) 
33 (27.3) 
2(18.2) ) 
00 (0.0) 

88 (72.7) 
33 (27.3) 

00 (0.0) 
111 (100.0) 
00 (0.0) 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 

p-valu e e 

NS S 

NS S 

NS S 

Stooll  examination revealed carbohydrate maldigestion 82.35%. On HBT we found transit 
time:: delayed/slow 6.7%, normal 83.3% and rapid 10%(differs significantly compared to the 
controll  group, p < 0.01)(see table 3). Other results includes lactose intolerance 23.3% (not 
differentt from the control group), bacterial overgrowth 43.3% (differred significantly compared 
too the control group, p<0,01). 

Thee mean HBT result at 30 minutes and 60 minutes after lactulose ingestion were significantly 
differentt (p<0.01) compared to the control group. But the mean HBT result at 90 minutes, 120 
minutess did not differ compared to the control group{see table 2, 3 and figure 1). 

Orocaecall  transit time did not correlate with the demographic characteristics of the patients, 
bacteriall  overgrowth, stool culture result, nor stool parasite result (p>0.05) (see table 4), 

Lactosee intolerance/malabsorption did correlate only with the age of patients (p<0.001), 
butt not with the other characteristics of the patients (see table 5). 

Bacteriall  overgrowth was not correlated with the age, other characteristics, stool bacteria 
culturee result, nor with the stool parasite result (p>0.05)(see table 6). 

50 50 



Hydrogen-breathHydrogen-breath Test in Chronic Diarrhea 

Tablee 2. Resul t of Gastroduodenojejunoscopy-lleocolonoscopy , and 
histopatholog y y 

Examinatio n n 

Endoscopy : : 
Duodenum/jejunumm : 

Nonn TBC infection 
TBCTBC infection 
Lymphoidd follicle hyperplasia 
Normal l 

Ileumm : 
Nonn TBC infection 
TBCC infection 
Normal l 

Colonn : 
Nonn TBC infection 
TBCC infection 
lnflammation(Crohn/Ulcerativee colitis ) 
Normal l 
Colonn cancer 

Histopatholog yy  : 
Duodenum// jejunum: 

-Villouss Atrophy 
-- Non TBC infection 
-- TBC infection 
-- Non specific inflammation 
-- Normal 

Ileum: : 
-- Non TBC infection 
-- Lymphoid follic!ehyperplasia+ Non TBC infection 
-- Nonspecific inflammation 
-- Villous atrophy + nonspecific ileitis 
-- Normal 

Colon: : 
-- Non TBC infection 
-- TBC infection 
-- Nonspecific inflammation 
-- Colon adenocarcinoma 
-- Normal 

Resul tt  of stool' s examination/culture : 
-- Pathogenic E.coli 
-- Klebsiella oxytoca 
-- Klebsiella ozaena 
-- Klebsiella pneumonia 
-- Tuberculosis 

Resultt of stool parasite/culture 
Candidaa infection 
E.Histolytica a 
Negatif/Normal l 

Maldigestion(Stoo ll  examination) : 
Carbohydratee maldigestion 
Fatt maldigestion 
Carbohydratee + Fat maldigestion 

Frequency (%) ) 
,m,m\ \ 

4(13.3) ) 
1(3.3) ) 
1(3.3) ) 

24(80.0) ) 

6(20.0) ) 
2(6.7) ) 

22(73.3) ) 

13(43.3) ) 
2(6.7) ) 
2(6.7) ) 

12(40.0) ) 
1(3.3) ) 

1(3.3) ) 
8(26.7) ) 

0(0) ) 
2(6.7) ) 

19(63.3) ) 

9(30) ) 
1(3.3) ) 
2(6.7) ) 
1(3.3) ) 

17(56.7) ) 

18(60) ) 
2(6.7) ) 
1(3.3) ) 
1(3.3) ) 

8(26.7) ) 

9(56.2) ) 
3(18.7) ) 
2(12.5) ) 

1(6.3) ) 
1(6.3) ) 

11(36.7) ) 
1(3.3) ) 

18(60) ) 

14(82.3) ) 
1(5.9) ) 

2(11.8) ) 
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Tablee 3. Hydrogen Breath Test Result 

H22 breath test 

Orocaecall transit time : 
Delayed(slow) ) 
Normal l 
Rapid d 

Lactosee intolerance/ 
malabsorptionn : 

Yes s 
No o 

Bacteriall overgrowth : 
Yes s 
No o 

Meann of H2 breath test result 
(everyy 30 mnt) : 

0 0 
30 0 
60 0 
90 0 
120 0 
150 0 
180 0 

NS=nott significant 

Chronic c 
Diarrhea a 

22 (6.7%) 
255 (83.3%) 

33 (10%) 

77 (23.3%) 
233 (76.7%) 

133 (43.3%) 
177 (56.7%) 

Breath h 
H2(ppm): : 
4.500 + 6.80 
10.11++ 7.33 
21.00+14.56 6 
25.00+19.91 1 
43.00+39.50 0 

Control/ / 

norma l l 

6(54.5%) ) 
5(45.5%) ) 
00 (0%) 

00 (0%) 
111 (100%) 

00 (0%) 
111 (100%) 

Breath h 
H2(ppm): : 
4.36++ 4.20 
3.811 + 3.09 
7.36++ 5.90 

16.45+14.44 4 
24.54+20.98 8 
27.27+25.27 7 
33.14+29.37 7 

p-value e 

0.002 2 

NS S 

0.008 8 

NS S 
0.035 5 
0.016 6 

NS S 
NS S 

^^ ^ 
b b 
a a 
Q. . 
(N N 
I I 
sz sz 
cc c 
CD D 

00 0 

100 0 

R0 0 

60 0 

40 0 

20 0 

0 0 u u 
-200 <i - # J&--&- ^ ^ & & 

Figuree 1. Mean 11, breath test 
resultss (every 30 minutes) 

Time(minute ) ) 
Chroni cc  diarrhe a Control/norma l 
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Tablee 4. The Correlatio n Betwee n Orocaeca l Transi t Time etc . and 
Patient' ss  Characteristic s 

Characteristic s s 

Age: : 
20-39 9 
40-59 9 
60-79 9 

Sex: : 
Male e 
Female e 

Nutritionall status: 
Over r 
Good d 
Under r 

Typee of diarrhea: 
Steatorrhea a 
Bloodyy diarrhea 
Non-steatorrheaa non-bloody 
Watery y 

Orocaeca ll  Transi t Time 
D D 

1 1 
1 1 
0 0 

1 1 
1 1 

0 0 
1 1 
1 1 

0 0 
0 0 
1 1 
1 1 

N N 

10 0 
11 1 
4 4 

15 5 
10 0 

3 3 
16 6 
6 6 

1 1 
5 5 

17 7 
2 2 

R R 

1 1 
2 2 
0 0 

1 1 
2 2 

0 0 
3 3 
0 0 

0 0 
2 2 
1 1 
0 0 

p-valu e e 

NS S 

NS S 

NS S 

NS S 

Note:: D= delayed ; N=normal; R=rapid 
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Tablee 5. Correlation Between Characteristics/Other Examinations and 
Lactosee Intolerance/Malabsorption (H2 Breath Test) 

Characteristics/Othe r r 
Examination s s 

Agee : 
20-39 9 
40-59 9 
60-79 9 

Sex: : 
Male e 
Female e 

Nutritionall status : 
Over r 
Good d 
Under r 

Typee of diarrhea/stool form : 
Steatorrhea a 
Bloody y 
Nonn steatorrhea non bloody 
Watery y 

Duodenoscopicc result: 
Infective/Inflammation n 
Normal l 

Colonoscopicc result: 
Infective/Inflammation n 
Carcinoma a 
Normal l 

lleoscopicc result: 
11 nf ective/l nf la mmation 
Normal l 

Histopathologicall result of duodenum-
jejunumm : 

Normal l 
Non-infective e 
Infective e 

Histopathologicall result of the colon : 
Normal l 
Adenocarcinoma a 
Infective e 

Histopathologicall result of the 
terminall ileum: 

Normal l 
Non-infective e 
Infective e 

Stooll bacteria culture result: 
Normal/Sterile e 
Pathogenicc bacteria + 

Stooll parasitic result: 
Normal l 
Parasitee + 

Stooll maldigestion; 
Carbohydrate e 
Fat t 
Carbohydratee + Fat 

NS== not significant 

Lactos e e 
Intolerance / / 

Malabsorptio n n 
(+/total ) ) 

1/12 2 
2/14 4 

4/4 4 

4/17 7 
3/13 3 

2/3 3 
4/20 0 

1/7 7 

0/1 1 
1/7 7 

4/19 9 
2/3 3 

2/6 6 
5/23 3 

3/14 4 
0/1 1 

4/10 0 

1/8 8 
6/19 9 

5/17 7 
0/1 1 
2/8 8 

3/6 6 
0/1 1 

4/19 9 

5/16 6 
0/4 4 

2/10 0 

4/11 1 
3/18 8 

5/16 6 
2/12 2 

4/14 4 
0/1 1 
1/2 2 

p-valu e e 

<< 0.001 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 
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Tabl ee 6. Correlatio n Betwee n Bacteria l Overgrowt h and 
Thee Characteristics/Othe r Examination s 

Characteristics/Othe r r 
Examination s s 

Age: : 
20-39 9 
40-59 9 
60-79 9 

Sex: : 
Male e 
Female e 

Nutritionn status : 
Over r 
Good d 
Under r 

Typee of diarrhea : 
Steatorrhea a 
Bloodyy diarrhea 
Non-steatorrheaa non bloody 
Watery y 

Stooll maldigestion: 
Carbohydrate e 
Fat t 
Carbohydratee + Fat 

Duodenoscopicc result: 
Infective/Inflammation n 
Normal l 

Colonoscopicc result: 
Infective/Inflammation n 
Non-infectivee (Carcinoma) 
Normal l 

lleoscopicc result: 
11 nfecti ve/l nf la mmation 
Normal l 

Malabsorption/lactosee intolerance : 
Yes s 
No o 

Stooll bacterial culture result: 
Normal/sterile e 
Pathogenn bacteria + 

Stooll parasite result: 
Normal/sterile e 
Parasitee + 

NS=nott significant 

Bacteria l l 
Overgrowt h h 

(+/total ) ) 

5/12 2 
7/14 4 

1/4 4 

6/17 7 
7/13 3 

3/3 3 
7/20 0 

3/7 7 

1/1 1 
3/7 7 

8/19 9 
1/3 3 

5/14 4 
0/1 1 
1/2 2 

1/6 6 
12/23 3 

8/17 7 
1/1 1 

4/10 0 

4/8 8 
8/19 9 

2/7 7 
11/23 3 

8/12 2 
5/18 8 

10/18 8 
3/12 2 

p-valu e e 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 
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DISCUSSION N 
Thee common demographic characteristics of chronic diarrhea patients did not differ from 

thee characteristics of the control group members (p>0.05). The bias might be found in this 
studyy is due to the small number of patients. 

Thee result of the orocaecal transit time test on chronic diarrhea patients showed that 10 % 
off  the cases were "rapid" while 83.3% were normal. Statistically, these results were significantly 
differentt from the results from the control/normal group. This confirms the reports in the 
referencess for this study. Some research centers emphasized the use of "Whole Gut Transit 
Scintigraphy""  in evaluating transit times of the small intestine.(12) 

Thee discovery of lactose intolerance/malabsorption among chronic diarrhea patients has 
beenn presented in numerous previous research reports (8,13,14,15). This study found lactose 
intolerancee in 23.3 % of patients. This finding did not agree with the references which conclude 
thatt the incidence of lactose malabsorption is 60 to 100% of the adult population of Asian 
countriess such as Indonesia.(13,16) In this study, lactose intolerance/malabsorption in chronic 
diarrheaa patients differed from the control /normal group, although the difference was not 
statisticallyy significant. 

Thee incidence of bacterial growth (43.3%) among chronic diarrhea patients in this study 
confirmedd the results reported in the references in the developing countries, where infection 
wass still a prevailing factor in causing chronic diarrhea. The result of the bacterial overgrowth 
testss on the chronic diarrhea patients differed significantly from those of the control/normal 
group.. This agreed with previous studies, which found that small intestine bacterial overgrowth 
(SIBO)) was present in 45% of chronic diarrhea patients, based on the test using the Rice Breath 
Hydrogenn Test, or RBHT.(17) This result differed from the result given by other studies on 
Irritablee Bowel Syndrome (IBS), which found a SIBO rate of 78% using the Lactulose Hydrogen 
Breathh Test (LHBT). It also differed from studies on cirrhotic patients with spontaneous bacterial 
peritonitiss (SBP), which found a SIBO rate of 68.2% using Glucose Breath Hydrogen Test, or 
GBHJ.(18) ) 

Thee hydrogen levels (in ppm) in chronic diarrhea patients at 30 and 60 minutes were 
significantlyy higher than the level found in the control group (p< 0.05). This confirmed the 
reportss in the references. 

Att 90 and 120 minutes, the hydrogen levels were still higher than the control/normal 
group,, but not significantly higher. Unfortunately, we were unable to measure to 150 and 180 
minutess due to the limited availability of the facility, and our wish to maintain patient comfort 
andd cooperation. 

Thee results of the "orocaecal transit time" examinations did not show any correlation with 
demographicc characteristics or the results of the endoscopy, histopathology, stool tests, 
existencee of lactose intolerance or bacterial overgrowth (p>0.05). These results differed from 
resultss from studies done elsewhere.(1,8) 

Thee discovery of lactose intolerance/malabsorption correlated significantly with age 
(p<0.01).. Older patients tended to be affected more by lactose intolerance/malabsorption. This 
confirmedd the results from other studies, which reported that most adults had lactose 
intolerance.(9)) Most children aged 3 to 5 years have the ability to digest lactose as their small 
intestinee synthesizes lactase in sufficient amount. Scandinavians and Caucasians are the only 
peoplee with the ability to produce a high level of lactase until they reach adulthood. Other 
ethnicc groups, including Asians, which make up 75% of the world's population, show a decline 
lactasee producing activity whilst they are still children. Consequently, the level of lactase is 
relativelyy low among the majority of their adults.(9,19) Among the Japanese, the rate of lactase 
deficiencyy increases with age, especially after the age of three. Around 90% of Japanese adults 
sufferr from lactase deficiency.(9,20) In Indonesia, study reports show a rate of lactose intolerance 
off  around 70%, while in the Netherlands the rate is very low-ranging from 0 to 2%.(9,21,22) 
Thee presence of lactose intolerance/ malabsorption does not correlate with other characteristics, 
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suchh as the results of stool tests, results of endoscopy and results of histopathologic tests. 
Thee occurrence of SIBO among chronic diarrhea patients was not correlated with other 

characteristicss or variables. 
Thiss study revealed that HBT finding did not correlate with the other supporting tests such 

ass endoscopy, histopathology, stool tests, stool bacteria tests, stool parasites, etc. Thus far, the 
resultss of the other supporting tests still did not completely reflect the cause or the actual 
diseasee conditions of chronic diarrhea. Frequently, when treating patients based on the results 
off  the supporting tests we saw a poor response.This was confirmed by our findings which 
showedd that a case of chronic diarrhea may be caused by a number of possible factors. The 
HBTT can be used to determine whether there is an abnormality in orocaecal transit time, 
lactosee intolerance/ malabsorption and SIBO. Based on these facts, as well as the results of this 
study,, we can conclude that the HBT does not show concordance with the results of other tests 
suchh as endoscopy, histopathology, stool culture and stool parasites tests. However, the HBT 
iss an additional and useful test to establish the pathophysiology of a chronic diarrhea case and 
mayy be used to evaluate whether the observed conditions are responding to therapy and help 
determinee the necessary follow-up conditions. This also confirms the conclusions of the previous 
authors.(18,23) ) 

CONCLUSION N 
Thee orocaecal transit time in chronic diarrhea was more rapid than in normal. We found 

bacteriall  overgrowth 23.3% in chronic diarrhea. 
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