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Summary The hydrogen breath pectively, in 250 mL water), the that 20 g lactose or lactitol were

analysis test was performed in subjects recorded the severity of not given to LMI because of the
healthy Thai adults to determine  symptoms for 24 hours. Breath risk of gastrointestinal symptoms.
lactitol tolerance. The study was samples were collected after fastingAfter high doses (20 g) of lactose
conducted in 39 individuals (11 and after consumption of the test and lactitol consumption, most
males and 28 females) aged 18-41 diet at 30 min intervals over the LMT developed more symptoms
years. All volunteers agreed to 7-hour study period. Breath sampleghan did LA and the main symptom
participate in this study after the  were analyzed for hydrogen using Was diarrhea. Consumption of 20 g
risks and benefits had been fully  gas chromatography. After lactose resulted in fewer symptoms

explained. Subjects were requested consumption of 12 g lactose, the than 20 g lactitol in both LA and
not to consume milk, milk products, prevalence of lactose malabsorbers LMT. On the basis of the hydrogen
or high-vegetable diets for a day \yas established. The increment of reath test, most LA tolerated 12 g
and to fast from 10 p.m. of the day peak breath hydrogen level of 20 lactitol without gastrointestinal
preceding the test day. After con-  phm above the baseline level was Symptoms except some flatulence

sumption of the test diet (12 and  |;sed as an indicator of lactose whereas most LMT and LMI did
absorbers were further classified astolerated by both LA and LMT
lactose tolerants or lactose bhecausbe there was d'lf‘”hea among
i i the subjects, especially in LMT.

Received: 11 September 1998 'ntOIeramS ".a‘ccordmg to the AIthouth the hygrogenybreath

Accepted: 8 September 1999 gastrointestinal symptoms observed.

All 39 healthy Thai adults could be analysis test is the best method for
classified into 3 groups as follows: 'dentification of lactose

S. Soontornchai 9 (23%) lactose absorbers (LA), 15 malabsorption, it is not the best
School of Health Science (38.5%) lactose malabsorber/ method to identify lactitol
Sukhothai Thammathirat Open University tolerants (LMT), and 15 (38.5%) intolerance. A hydrogen concen-
Pak Kret, Nonthaburi 11120, Thailand lactose malabsorber/intolerants tration of 15 ppm above the base-
P. Sirichakwal (LMI). Using the hydrogen breath !In€ I:cefvel was fc_>u(;1_d to t|>e t_hel best
P. Puwastien test, 67% of the subjects were cut-off point to indicate lactito
K. Tontisirin identified as lactitol intolerants after INfolerance aithough sensitivity was
Institute of Nutrition the consumption of 12 g lactitol. 2220 and specificity only 38% in
Mabhidol University The lactitol intolerants comprised this study. It was further concluded
Nakosuprathom, Thailand 53.80% of LMI. 34.6% of LMT. and that there is a greater susceptibility
, : A ! to lactitol in human lactose mal-
D. Kruger 11.5% of LA. Among all subjects, bsorb han in | bsorb
Robert Koch-Institut one third of LA (33%), two thirds ~2PSCOers than in jactose absorbers.
Nordufer 20 of LMT (60%), and 93% of LM| Our findings might be relevant for
D-13353 Berlin, Germany ’ the limited use of lactitol in

were lactitol intolerant. In addition, Thailand
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D-14195 Berlin, Germany after consumption of 12 g lactitol. malabsorption — gastrointestinal

' Therefore, it was finally decided symptoms — diarrhea
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Introduction used as test diets. During the experimental period of 7 h,
the subjects were allowed to have normal activities but

Lactitol is a synthetic disaccharide sugar alcohol prémoking, sleeping, and excessive work or exercise were
duced by catalytic hydrogenation of the glucose moiety 80t allowed. No food was given to the subjects except
lactose (1, 2). The relative sweetness of lactitol is abo¥y@ter.
35% as compared to sucrose and 110-140%, to lactoseBreath samples were collected before and at 30 min in-
(1-3). Lactitol has been shown to be as effective as lact§/vals fa 7 h after consumption of the test diet. A
lose for the treatment of chronic stable hepatic encephafmple of expired air (30 mL) was collected at the end of
pathy but was more acceptable as a medication (4-6). ifi§ prolonged expiration period using a reusable air col-
laxative effect and other side effects (i.e., osmotic dialection bag. Gastrointestinal symptoms were recorded
rhea, flatulence) diminish when administered regularlffter consumption of the test diets for 24 h. Four test diets
The metabolism of lactitol is different from that of carbowere used and each diet required a period of 3-5 days for
hydrates. In certain respects, lactitol is similar to dietatyash-out.
fiber. It is also largely metabolized by the bacterial gut
flora (7). )

Extensive studies of lactitol malabsorption have bedfeasurement of hydrogen in breath
conducted using the hydrogen breath test. However, most ) _
of the data were obtained from the studies in groups 6fd expiratory breath hydrogen was measured directly
subjects among whom lactose malabsorbers were not p#éing the Quintron Model 12i MicroLyz€r a special-
dominant (8-10). In Thailand, lactitol has not yet beeBurpose gas chromatograph equipped with an electro-
used in food products or for medical treatment. The uskemical cell. The monitor was calibrated to zero with at-
of lactitol in some countries, especially in Thailand wher@0spheric air and to 95 ppm of hydrogen with a standard
more than 90% of the population are lactose intolerart@s mixture purchased from Quintron Company. The

requires that lactitol absorption in such people be studig@€asurement of each sample was repeated three times.
This has been the objective of the present study. The stability of the calibration curve was checked every

2 h.

Materials and methods

Test diet Calculation and statistics

Water (250 mL) was used as the test diet for the baseliibe absolute magnitude of the peal Ebncentration at
study. In lactose and lactitol tolerance tests, two conceBd min intervals was measured and the peakcbincen-
trations of each sugar, 12 and 20 g of lactose (BDH Lintration above the baseline was calculated. Cumulatiye H
ited, Poole, England) and 12 and 20 g of lactitol (L&jty excretion between O @n7 h was estimated by calculating
(CCA, Biochem, Gorinchem, Netherlands) in 250 mL dishe area under the curve of,Honcentration plotted
tilled water were prepared and used as test diets. against time according to the following equation:

A=(%H+Hx+Hs.ooooenn + Her + % Hy) ot
Experimental procedure

where A is area under thezHpeak, H is breath KHcon-
Thirty-nine healthy volunteers (11 males and 28 femalesgntration (ppm), and t is 30 min.
aged 18-41 years participated in the study. The volunteers
agreed to participate after the risks and benefits had beenData derived after intake of the test diets were sub-
fully explained. Ethical approval was provided by thgected to a Student’s t-test with a minimum significance
Faculty of Medicine, Ramathibodi Hospital, Mahidolevel of 5% (11).
University. All subjects lacked history or symptoms of The relationships between hydrogen production and
chronic gastrointestinal disease and had not received ag@strointestinal symptoms observed after a dose of 12 g
biotics for at least 4 weeks before the experiment. Thdgctitol were tabulatedn a 2 x 2 contingency table
were requested not to consume gas-forming foods such(aable 1) which represents the relationship of a particular
milk and milk products, dried legume seeds, cabbagdisease (present or absent) to a particular predictor (posi-
onion, or high-fiber foods for one day, particularly at dintive or negative) (11).
ner on the day preceding the test. They were given a test
diet after overnight fasting. 12 and 20 g of lactose and The following terms can be defined on the basis of
lactitol, respectively, were dissolved in 250 mL water andable 1:
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_ o _ TP + FN ing up (15-30 min before the test started) was high but
Prior probability = TP + EN + FP + TN fell precipitously after 3-4 h. The hydrogen production
TP + TN during the firg 2 h after drinking 250 mL water was sig-
Accuracy = TP + EN + FP + TN nificantly higher (P .05) than levels in the late morning
o over 4-6 h.
Sensitivity _ ™
(or true-positive rate) TP+ FN Lactose absorption in Thai adults
Specificity - N
(or true-negative rate) TN + FP After intake of the aqueous solution of 12 g lactose which
False-negative rate _ FN is equivalent to the amount of lactose in a glass of milk
(1-sensitivity) - TP + FN (250 mL), the hydrogen in expired air was measured. The
False-positive rate ) Ep peak hydrogen level above the baseline for each subject is
(1-specificity) = TN + FP shown in Fig. 2. The results show that 9 out of 39 sub-
P jects (23%) were lactose absorbers (LA) producing peak
Predictive value positive = hydrogen concentration of less than 20 ppm above the
TP+ FP baseline (13.9 + 1.5 ppm). About 77% (30 out of 39 sub-
TN jects) were lactose malabsorbers having a maximum in-

Predictive value negative = h :
TN + FN crement in breath hydrogen concentration of more than

20 ppm (21-106 ppm) above the baseline. Those without

In this study the predictor is the breath hydrogen cogastrointestinal symptoms (50%) were lactose malab-
centration. A ‘case’ is a subject classified as lactitol intokorber/tolerants (LMT), and those with gastrointestinal
erant. symptoms (50%) were lactose malabsorber/intolerants

(LMI). The mean + SEM of peak hydrogen concentra-

tions in lactose absorbers, malabsorber/tolerants, and
Results malabsorber/intolerants were 13.9 * 0.6, 43.6 + 1.0, and
37.1 £ 1.0 ppm, respectively.

When these subjects, except for lactose malab-
sorber/intolerants, were given 20 g lactose, 5 out of 24
subjects produced peak hydrogen concentrations of less
The average baseline breath Ebncentration is shown inthan 20 ppm above the baseline (data not shown). Of
Fig. 1. All subjects showed a low level of baseline peathese, 3 subjects suffered from diarrhea. Therefore, 22 out
H> concentrations ranging from 2.4 + 0.1 to 5.9 + 0.8f 24 subjects (92%) could not absorb 20 g lactose. The
ppm (mean = SEM). Frequently, breath hydrogen on wakverage hydrogen peak level (Table 1) after intake of 20 g

Baseline breath hydrogen in healthy adults

Fig. 1 Composite fasting breath hydrogen concentration in 39 healthy adult subjects measured at 30 min intervals for 7 hours after
getting up and intake of 250 mL water
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Fig. 2 Peak hydrogen concentration (ppm) in expired air above fasting level after intake of 12 g lactose in 39 healthy adult subjects
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The dotted line represents a rise in breath hydrogen concentration of 20 ppm, taken as the cut-off criterion for identification of lactose
malabsorbers. LA = Lactose absorbers; LMT = Lactose malabsorber/tolerants; LMI = Lactose malabsorber/intolerants.

lactose was 40.9 + 1.1 ppm which was significantlactitol malabsorbers, 11, 46, and 43% had formerly been
higher (P <0.05) than that produced after intake of 12identified as LA, LMT, and LMI, respectively, with 12 g

lactose (34.2 + 0.5 ppm). lactose. The average levels of peak Eoncentrations
produced after ingestion of 12 g lactitol (27.1 £ 0.4 ppm)
Lactitol absorption in Thai adults were significantly lower than those produced after inges-

tion of 12 g lactose (Table 2).
After intake of the aqueous solution of 12 g lactitol, 16 Fig. 4 shows the peak Hconcentrations above the
out of 39 subjects produced peak ldoncentrations of baseline produced after intake of 20 g lactitol. They were
less than 20 ppm above the baseline (Fig. 3). Howevegmpared with those produced after 12 g lactitol intake.
5 out of the 16 subjects experienced diarrhea. Therefofetotal of 8 out of 24 subjects produced peak tbncen-
only 11 in 39 or 28% of the subjects can be counted &wmtions of less than 20 ppm above the baseline but 7 of
lactitol absorbers and 72% as lactitol malabsorbers. @fese suffered from diarrhea. Therefore, 96% of the sub-

Fig. 3 Peakhydrogen concentration (ppm) in expired air above fasting level of individuals after intake of 12 g lactose and 12 g lactitol
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The dotted line represents a rise in breath hydrogen concentration of 20 ppm, taken as the cut-off criterion for identification of lactose
malabsorbers. LA = Lactose absorbers; LMT = Lactose malabsorber/tolerants; LMI = Lactose malabsorber/intolerants.
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Fig. 4 Peak hydrogen concentration (ppm) in expired air above fasting level after intake of 12 g and 20 g lactitol in 9 LA and 15 LMT
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The dotted line represents a rise in breath hydrogen concentration of 20 ppm, taken as the cut-off criterion for identification of lactose
malabsorbers. LA = Lactose absorbers; LMT = Lactose malabsorber/tolerants; LMI = Lactose malabsorber/intolerants.

jects (23 out of 24) did not absorb 20 g lactitol which inTable 2 Average peak hydrogen concentration (ppm) in expired
cluded those who produced peak, ldoncentration of airabove baseline afterintake of 12and 20 g lactose and 12and 20 g
more than 20 ppm above the baseline and those who Hagito! by healthy subjects

diarrhea associated with low hydrogen production. The

average levels of peakHoncentrations produced afte Test diet Total subjects P,\jak Hi (SETA)
intake of 20 g lactitol (40.0 + 1.10 ppm) were quite simi (Mean =+ )
lar to those produced after intake of 20 g lactose (40.9/+ -actose 12 9 39 34.2 + 0.54
1.10 ppm) (Table 2). Lactose 20 g 24 40.9 =+ 1.10

Average cumulative B concentrations exhaled by| Lactitol 12 g 39 27.1 +0.41
each study group in different periods are shown in Fig. 5. Lactitol 20 g 24 40.0 + 1.10

In the 9 LA, the average cumulative;Hexcretion was

found to differ significantly after consumption of 20 g

lactose from that obtained after fasting. Average cumulhigher than that produced after consumption of 12 g lac-

tive Hp excretion after consumption of 12 g lactitol wagitol.

slightly higher than that generated after consumption of

12 g lactose. Average cumulative; léxcretion after con-  In the 15 LMI (Fig. 5), average cumulativezkexcre-

sumption of 20 g lactitol was slightly higher than thation after consumption of 12 g lactitol and 12 g lactose

produced after consumption of 20 g lactose but cleartyas significantly higher than that produced during fast-

higher than that produced by 12 g lactitol. ing. Average cumulative pHexcretion produced by 12 g

lactitol was slightly lower than that produced by 12 g lac-

In the 15 LMT (Fig. 5), cumulative bHexcretion after tose.

ingestion of 20 g lactitol, 20 g lactose, 12 g lactitol and

12 g lactose was significantly higher than the corresponGastrointestinal symptoms

ing fasting level. Cumulative Hexcretion after consump-

tion of 12 g lactitol was slightly lower than that producecfter consumption of the test diets, the subjects reported
by 12 g lactose and that produced by 20 g lactitol wagyrious gastrointestinal symptoms which have been sum-
also slightly lower than that produced by 20 g lactose bi{arized in Table 3. Types and severity of the symptoms
depended mainly on the amount and types of sugars con-
sumed.

Table 1 A2 x2contingency table . .
After intake of 12 g lactose, about 38% of the subjects

Predictor Present (‘Case’) Absent (‘Non-case’) (15_ out of 39_) expe_rlenced gastromtest_lnal symptoms,
Positive True-positives (TP)| _ False-positives (FP) mainly abdominal pain and flatulence. Diarrhea was re-

: P _ P _ ported by 6 out of 15 subjects (40%) and nausea was
Negative False-negatives (FN)  True-negatives (TN) found in a few
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Fig. 5 Cumulative H excretion after intake of different amounts of lactose and lactitol in 9 LA, 15 LMT, 15 LMI.

|
LA @ LMT oLmi

(ppm x min) x 1000

Cumulative H2 Excretion

Fasting 12 g Lactose 12 g Lactitol 20 g Lactose 20 g Lactitol

Significant differences are indicatedkcversus LA, bversus LMT, * versus fasting

About 54% of the subjects (13 out of 24) reported gas- The receiver operating characteristic (ROC) curve
trointestinal symptoms after intake of 20 g lactose. Thelieproduced in Fig. 6 shows that the hydrogen concentra-
symptoms, mainly diarrhea (in 6 out of 13 subjects, i.etion of 15 ppm above the baseline level has been the best
46.2%), abdominal pain, and flatulence, were more seveii-off point for diagnosing lactitol intolerance. This cut-
than those produced after consumption of 12 g lactos@ff Point permitted a high sensitivity, a high predictive

Diarrhea was the main symptom reported by the sup@lué positive, a high predictive value negative and a
jects when lactitol had been given. After ingestion of 12 %"gh accuracy even though specificity was not quite high.

. . ensitivity and specificity of the hydrogen breath test at
lactitol, about 67% of the subjects (26 out of 39) reportet is cut-o)f/f point F\)Nere 8%/ and 380/3/ regpectively. At this

gastrointestinal symptoms, and 42.3% (11 out of 26) '&vel of prior probability (67%), sensitivity (85%), and

ported diarrhea. . specificity (38%), the predictive value positive and accu-
After 20 g lactitol, about 79% (19 out of 24 subjects)acy were 73 and 69%, respectively.

experienced gastrointestinal symptoms and 63.2% of the
subjects (12 out of 19) suffered from diarrhea. Other mi-

nor uncomfortable gastrointestinal symptoms reportqﬂscussion
were flatulence, nausea, and abdominal pain.

As shown in Table 4, any ch_a}nge_ln the cut-off POIN 4 ctitol has successfully been used in various countries in
that makes the test more sensitive (increase of the mLﬂJrope and in the USA. In general, more than 20 g of the
positive rate) will make it less specific (increase of thgugar substitute is administered for medical treatment and
false-negative results) and vice versa. Thus, the best cyériable amounts are used in food industries. A problem
off point should be high enough to take account of botimiting the role of this and other alternative carbohydrate
sensitivity and specificity. sweeteners is their laxative action which requires that la-

Table 3 Number of subjects showing gastrointestinal and other symptoms after intake of 12 and 20 g lactose and 12 and 20 g lactitol

Subjects with . Other symptoms
Test diet To_tal gastro-intestinal| Flatulence| Flatulence Abdor_mnal Diarrhea Cramps | Headache Dizziness
subjects pain
symptoms
Lactose 12 g 39 15 10 3 13 6 0 4 3
Lactose 20 g 24 13 5 2 4 6 2 0 2
Lactitol 112 g 39 26 28 8 9 11 0 4 4
Lactitol 20 g 24 19 4 3 4 12 4 0 0
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Table 4 Effect of various increments in breath hydrogen concentration on sensitivity and specificity of the test for detecting lactitol

intolerance (calculated from Tabll — 2 x 2contingency table)

Ig(r:;z?r?el—jm (trues-zgzlittli\\l/gyrate) (trues-lgg;glt(i:\lltg rate) vaTuer;I)%tls\{t?ve vall::Jrg drllztglj\;etive Prior probability Accuracy
(Ppm) (%) (%) (%) (%) (%) (%)
> 60 8 100 100 35 67 38
> 55 12 100 100 36 67 41
> 50 19 92 83 36 67 44
> 45 19 85 71 34 67 41
> 40 31 85 80 38 67 59
> 35 35 62 64 32 67 44
> 30 54 54 70 37 67 54
> 25 58 46 68 35 67 54
> 20 65 38 68 36 67 56
> 15 85 38 73 56 67 69
> 10 88 15 68 40 67 64
> 5 100 0 67 0 67 67

beling of products containing such sweeteners providesabsorbed carbohydrates which generated high concen-
cautionary information including limitations of thetrations of hydrogen in the air expired by the subjects (14,
amounts consumed (12). In order to explore the use bY).

lactitol in Thailand, a tolerance test for the sugar alcohol Various symptoms of different degrees of intensity
should be developed. Since lactitol is a lactose analogioeind in the malabsorber/intolerants were probably due to
and no recent data on lactose intolerance among Thia¢ variation in the normal flora, lactase level, the net se-
people are available, a tolerance test for lactose wa®tory response to an osmotic load, the intestinal motor
therefore performed in this study prior to lactitol testingresponse to an increase of the fluid load, and the irritabil-
A low dose of lactose, equivalent to a glass of milk, waisy response of the small intestine and colon among indi-
used as the test diet in the lactose tolerance test and vWidtuals (18). The severity of the symptoms may affect the
effect of the same dose of lactitol was studied. Sincelavel of hydrogen in breath. As can be seen in this study,
very high percentage of Thai people was reported to ladout 50% of the lactose absorbers showed peak hydro-
lactose malabsorbers (13, 14), 20 g of lactitol was chosgan levels after consumption of 12 g lactose which were
as the high dose for lactitol tolerance testing which wdswer than those produced after consumption of 12 g lac-
performed in parallel to testing with an identical dose dftol (see Fig. 3, 5 and Table 2). However, the mean peak
lactose. values and time courses of hydrogen production after

The hydrogen breath test has become the gold standacshsumption of these sugars were significantly different.
for the diagnosis of carbohydrate malabsorption. It is sefhe results implied that the lactose absorbers had the
sitive, non-invasive, and can be performed in subjects sdme level of enzyme activity to digest lactose and lac-
all ages. It was chosen for lactose and lactitol tolerantiéol at 12 g doses.
testing in this study. It was found that about 33% of LMT and about 40% of

All subjects followed the request not to consume gasMI developed acute diarrhea after consumption of 12 g
forming foods during the day preceding the test day. Thiactitol. Consumption of 12 g lactitol resulted in a signifi-
resulted in a low variation of breath hydrogen during theantly lower peak hydrogen production in both groups
baseline study. A high baseline of peak ebncentration (see Fig. 3). The gastrointestinal symptoms of the LMT
was observed among the subjects after waking up. Thiswere less severe than those of the LMI. It can therefore
a normal condition which reflects a general hypoventildse concluded that LA were able to tolerate 12 g lactitol
tion and decrease of colonic motility during sleeping (1®nd that LMT were able to tolerate it slightly better than
16). LMI.

As in previous studies, the level of peak hydrogen pro- In the diagnosis of lactitol intolerance, the evaluation
duction of £ 20 ppm above the baseline is considered af specificity and sensitivity of the hydrogen breath test
carbohydrate malabsorption in this study. The high peakowed that a rise in the hydrogen concentration of 15
H. production by the malabsorbers could indicate thatppm above the baseline was the best cut-off point because
normal microflora was present in the intestine to digesittproduced the lowest false-negative results. However, at
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2 x 2 Contingency Tables In 1969, Keusch et al. (13) reported on low levels of
lactase in mucosal biopsy specimens found in 97% of
100 Thai adults. Benjapong (14) reported in 1989 that, after
consumption of a glass of milk (250 mL), 88% of the sub-
jects were lactose malabsorbers on the basis of the hydro-
gen breath test. Based on the lactose tolerance test using
12 g lactose in this study, a lower rate of lactose malab-
sorbers (77%) among adult subjects was found. It remains
unclear whether this small difference (88% versus 77%)
is or is not due to the design of these experiments. It
could also be a consequence of increased milk drinking
among Thai people due to government programes since
1977.

When higher amounts of lactose were given, a very
high percentage of lactose malabsorbers (more than 90%)
and a considerably higher percentage of intolerants (more
than 90%) were obtained as expected. Similar figures
of malabsorbers were found when low and high doses of

False Positive Rate (1-Specificity) (%) lactitol were given. However, numbers of intolerants were

higher after consumption of low and high doses of lactitol
Fig. 6 Receiver operating characteristic (ROC) curve as compared to lactose (67 and 79% vs. 38 and 54%, re-

spectively). In addition, the severity in terms of the per-

centage of intolerants suffering from diarrhea was higher

when a high dose of lactitol (20 g) was given.

Therefore, intolerance is not only a question of

whether a person is MA or not, since cleavage rate and

absorption rate of both sugar/sugar alcohol will eventu-

this point, the optimum indicator of lactitol intoleranceally reach the maximal capacity. Although the hydrogen
has a specificity of only 38% and a sensitivity of 85%reath analysis test is the best method for identification of
(see Table 4 and Fig. 6). lactose malabsorption, it is not the best method to identify

According to the criterion that lactitol intolerants ardactitol intolerance. A hydrogen concentration of 15 ppm
subjects who develop the five specific gastrointestinabove the baseline level was found to be the best cut-off
symptoms of flatulence, diarrhea, abdominal pain, nageint to indicate lactitol intolerance although sensitivity
sea, and cramps after consumption of 12 g lactitol, abowtis 85% and specificity only 38% in this study.

67% of the subjects were identified as lactitol intolerants. Based on the results obtained in this study, it is sug-
The percentage of total symptoms were calculated frogested that 12 g of lactitol or less be used for Thai people
these five specific gastrointestinal symptoms which coulghich would generate about the same degree of severity
be found in one subject. The number of subjects with laof gastrointestinal symptoms as after consumption of one
titol intolerance included 11.5% of LA, 34.6% of LMTglass of milk. In comparison with Thailand, the preva-
and 53.8% of LMI. It could be concluded that LA are les&ence of lactose intolerance in Scandinavia and north-
susceptible to lactitol than LMT and LMI. Lactose andvest Europe is much lower (3-8%). Therefore, a higher
lactitol have structural similarities. Therefore, lactase catose of lactitol (40 g/day) was well tolerated by normal
also digest lactitol, but to a lesser degree. Lactitol causagult subjects (19, 20).

less cumulative Hl excretion than the expected amount In conclusion, there is a greater susceptibility to lac-
since most of LMT and LMI had various gastrointestinditol in lactose malabsorbers than in lactose absorbers.
symptoms such as flatulence and diarrhea, which cauBeese findings might be relevant for the limited use of
loss of H. lactitol in Thailand.

50

True Positive Rate (Sensitivity) (%)

0 1
0 50 100
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