APPLIED EVIDENCE
New research findings that are changing clinical practice

Do probiotics reduce
adult lactose intolerance?
A systematic review
Practice recommendations
■ Become familiar with the strains,

concentrations, and preparations of
probiotics most likely to be effective.
■ Because a given individual may

respond well to probiotics, suggest a
trial of a probiotic supplement—
perhaps conducting an n-of-1 trial
for an objective assessment.
■ If a trial of probiotic does not achieve

desired results, advise the patient
of the many other options to treat
lactose intolerance.

Abstract
Purpose To assess the efficacy of oral

probiotics in adults with lactose intolerance through a systematic review of its
effects on symptoms and breath hydrogen tests, and whether adding probiotics
to nonfermented dairy products decreases lactose intolerance at that meal.
Methods We searched randomized
controlled trials published between
1966 and December 2002. Databases in
the search strategy included Medline and
AMED. We reviewed references of
clinical trials and contacted authors of
major articles and manufacturers of
probiotic commercial products. Quality
assessment was based on the McMaster
guides and was performed by 5
independent reviewers. Data extraction
was performed by 2 reviewers.
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Results A master list of 90 articles was
compiled. Ten articles met inclusion and
exclusion criteria and were consistent
with our clinical question. Of the 9 studies
that measured breath hydrogen, 3 were
positive, 3 were negative, and 3 had both
positive and negative results. Of the 7
studies that measured symptoms, 1 yielded positive results, 5 were negative, and 1
had both positive and negative outcomes.
Conclusions Probiotic supplementation
in general did not alleviate the symptoms
and signs of lactose intolerance in adults
in this review. Some evidence suggests
that specific strains, concentrations, and
preparations are effective. Further clinical
trials of specific strains and concentrations
are necessary to delineate this potential
therapeutic relationship.

udging from our systematic review
of the literature, probiotic supplementation is not effective universally
for lactose intolerance in adults. However,
some evidence suggests that specific
strains, concentrations, and preparations
of probiotics can be effective.
Discuss probiotic supplementation
with lactose-intolerant patients. “Try it” is
a reasonable suggestion, given additional
evidence that there are individuals whose
symptoms of lactose intolerance will, for
unknown reasons, respond to probiotics.
For those who find no benefit in probiotics, several other therapeutic options
can be recommended.
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■ Prevailing

wisdom
about lactose intolerance

Lactose intolerant persons suffer such symptoms as abdominal cramping, bloating, and
diarrhea after ingesting lactose-containing
foods, including nonfermented dairy products.1 This intolerance to dairy products may
result in a person receiving less than the recommended intake of calcium and protein,
especially in developing countries.
Primary lactase deficiency is the most
common form of lactose intolerance.1 In
the US, 15% of Caucasians, over 50%
of Mexican Americans, and over 80% of
African Americans have lactose intolerance.2
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Probiotics taken
as supplements
should adhere
to the intestinal
lining and digest
dietary lactose,
alleviating
malabsorptive
symptoms
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Treatment options
for lactase deficiency
Lactose-intolerant persons digest yogurt,
which is fermented, more easily than milk.2
Nonfermented lactose-containing foods
can be consumed in small quantities or
with proteins and fats to delay gastric emptying. Nonfermented dairy products are
generally tolerated if they are prehydrolyzed to reduce levels of lactose (such as
reduced-lactose or lactose-free milk).
Finally, synthetic enzyme (lactase) tablets
can be taken with lactose-containing dairy
foods in an attempt to alleviate symptoms.2
What are probiotics?
Probiotics are live microorganisms that,
when ingested, have beneficial effects on the
prevention or treatment of disease.3 Some
probiotics, such as Lactobacillus, contain βgalactosidase or lactase intracellularly so
that ingestion of lactase-containing probiotics might be beneficial for lactose-intolerant individuals, either consumed with
food or taken separately as a supplement.
Theoretically, probiotics ingested as
supplements would adhere to the intestinal lining and digest dietary lactose, thereby
alleviating malabsorptive symptoms from
excessive lactose. Probiotics have other
positive effects: treating and preventing
diarrhea (infectious and antibiotic
induced), relieving symptoms of irritable
bowel syndrome, alleviating inflammatory
bowel disease, and decreasing atopic dis-

ease.4,5 The Food and Agriculture
Organization of the United Nations and
the World Health Organization have
reported that there is adequate scientific
evidence of the potential for probiotic
foods to provide health benefits, and that
specific strains are safe for human use.6
Purported advantages of probiotics.

Probiotic supplementation may be preferred over lactose-free products due to the
inability to monitor and control all dairy
products consumed. The varied efficacy of
lactase enzymes in different individuals
may render probiotics the favored supplement. Also, the option of a natural treatment may appeal to many people.
Testing for lactose intolerance
The hydrogen breath test is the gold standard for diagnosing lactose intolerance.
Intestinal bacteria metabolize carbohydrate to generate hydrogen that is
rapidly absorbed into the blood perfusing
the gut and cleared during a single passage
through the lungs.
A lactose dose of 25 to 50 g is given
after an overnight fast. A rise in the hydrogen level of more than 20 parts per million
(ppm) over baseline suggests hypolactasia.7
At a cutoff of 20 ppm, the test has a specificity of 90%. False positives may occur
secondary to severe bacterial overgrowth
of the small bowel, smoking, and aspirin
use. False negative results are seen in persons receiving oral antibiotics or high
colonic enemas, suffering severe diarrhea,
or lacking bacterial flora.8
Another use of the breath hydrogen test
is to measure the quantity of lactose malabsorbed. This theory was based on a study of
lactulose in which ingested doses of 5, 10,
or 20 g resulted in a linear increase in breath
hydrogen along with the similar malabsorption patterns of lactulose and lactose.9
The purpose of our systematic review
was to determine if probiotics have a positive effect in patients with lactose intolerance. We found no systematic reviews or
meta-analyses in the Cochrane Database
of Systematic Reviews or the Database of
Reviews of Effectiveness (DARE).
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■ Methods

Inclusion criteria
The clinical question researched was
“Does the addition of probiotics to nonfermented dairy products decrease lactose
intolerance at a single meal?” Inclusion criteria for review were studies that were randomized placebo-controlled clinical trials,
that involved adults diagnosed with lactose
intolerance via breath hydrogen >20 ppm
above baseline after lactose consumption,
that used probiotic supplementation in any
form as the intervention, and that included
the outcomes of symptoms or breath
hydrogen test results.
Search strategy and assessment
Four authors (MD, KK, KL, JM) independently searched Medline and Allied
and Complementary Medicine Database
(AMED) for studies published between
1966 and December 2002. Four authors
performed individual searches using the
Medical Subject Heading (MeSH) terms 1)
“lactose intolerance” and “Lactobacillus”;
2) “lactose intolerance” and “probiotics”;
3) “lactose intolerance” and “yogurt”; and
4) “diarrhea, bloating, abdominal pain”
and “yogurt.” The search strategies for
each member were documented, and the
resulting published listings were combined.
The initial set of articles was pulled and
references from those studies were searched.
In addition, manufacturers of Lactobacillus
supplements and authors identified with
expertise in lactose intolerance were contacted by phone or e-mail in an effort to
look for any unpublished or ongoing trials
possibly missed in the initial search.
Each author independently assessed
each of the selected articles for validity
using the recommendations made by the
Evidence-Based Medicine Working Group
at McMaster University.10 These validity
criteria included patient similarity, evidence of controls, randomization, allocation concealment, blinding, completion of
follow-up, use of intention-to-treat,
and similarity of intervention and control
groups. The authors then met to discuss
their assessment and clarify any article
w w w. j f p o n l i n e . c o m
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concerns. General agreement was reached,
and there were no dissenting views.
Data extraction
A standardized data extraction form was
developed by 1 author (FD) and each
paper’s information was extracted by 1 of
the other authors (KL) and verified by the
final author (FD). The following data were
extracted: number of treatment arms,
types of treatment arms (including forms
of probiotics), number of subjects per
treatment arm, study design, data presentation, and results obtained.
No formal statistical procedures or
tests were performed. Authors hoped that
appropriate data could be collected from
each paper so that a meta-analysis could
be performed. However, the lack of
standardized data presentation for breath
hydrogen and symptom results made data
pooling impossible.
■ Results

Medline and AMED searches yielded 75
clinical trials. The reference search from
these studies gave an additional 15 trials. No
studies were identified through manufacturer or expert author inquiries. From the master list of 90 studies, 22 met inclusion and
exclusion criteria. Of the 22, 10 were consistent with our clinical question. Of these 10
articles used in the study, 8 were obtained
from the Medline and AMED searches, and
2 were obtained from the references.
Of the 10 randomized placebocontrolled trials, sample sizes for probiotic
treatment arms ranged from 5 (Dehkordi)
to 20 (Lin & Yen). Probiotic arms varied in
subtype, strain, and concentration. Most of
the studies (9) used the Lactobacillus acidophilus subtype as the intervention. Four
trials examined probiotics other than, or in
addition to, L acidophilus (Dehkordi,
Jiang, Lin & Yen, Lin & Savaiano).
Dehkordi performed 2 experiments. The
first experiment examined the additive of
effect of Lactobacillus and Bifidobacterium
longum. The second compared only
Lactobacillus strains with control milk.
VOL 54, NO 7 / JULY 2005
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TA B L E 1

Validity characteristics of randomized controlled trials
studying the effects of probiotics on lactose intolerance

RCT

ASSIGNMENT
CONCEALED

DOUBLEBLINDING

100%
FOLLOW-UP

INTENTIONTO-TREAT

INTERVENT./
CONTROLS
SIMILAR

Yes

Yes

No

Not
specified

Yes

N/A

Yes

Jiang (1996)12

Yes

Yes

No

Yes

Yes

N/A

Yes

Mustapha (1997)13

Yes

Yes

No

Yes

Yes

N/A

Yes

Newcomer (1983)14

Yes

Yes

No

Yes

Yes

N/A

Yes

Onwulata (1989)15

Yes

Yes

No

Not
specified

Yes

N/A

Yes

Lin, Savaiano (1991)16

Yes

Yes

No

Yes

Yes

N/A

Yes

Lin, Yen (1998)17

Yes

Yes

No

Yes

Not
mentioned

Not
mentioned

Yes

Savaiano (1984)18

Yes

Yes

No

Yes*

Yes

N/A

Yes

McDonough (1987)19

Yes

Yes

No

Not
specified

Yes

N/A

Yes

Kim (1983)20

Yes

Yes

No

Yes

Yes

N/A

Yes

PATIENTS
SIMILAR

Dehkordi (1995)11

LEAD AUTHOR

RCT, randomized controlled trial; N/A, not applicable secondary to 100% follow-up and subject analysis consistent with group assignment.
* Described as “blinded” but “no attempt to mask flavor or texture.”

Lin & Savaiano in 1990 compared
3 Lactobacillus strains, each with 2 different concentrations, as well as the combination probiotic subtypes of Streptococcus
thermophilus/Lactobacillus bulgaricus at
2 concentrations with the control milk.
In 1998, Lin & Yen compared 2 concentrations of an L acidophilus strain and
2 concentrations of an L bulgaricus strain
with placebo. McDonough examined the
effects of sonicated (intracellular lactase
release) acidophilus milk in addition to acidophilus milk on breath hydrogen results.
Four of the 10 randomized controlled
trials were performed in a crossover design
(Newcomer, Lin & Savaiano, Lin & Yen,
and Savaiano) while the remaining 6 varied in randomized designs.
TABLE 1 shows the validity characteristics for the 10 clinical trials published
between 1981 and 1998 that met inclusion
616

and exclusion criteria. While all were randomized controlled trials with similar
patients, interventions, and controls, none
of the 10 concealed the allocation of the
interventions. Lin & Yen’s 1998 study
failed to mention the percentage of
subjects followed-up and, thus, intentionto-treat did not figure into the analysis.
Three of the 10 (Dehkordi, Onwulata,
McDonough) did not specify if their studies involved double-blinding.
Descriptors of each trial’s treatment
arms, subjects, design, data presentation,
and results are shown in TABLE W1
(available online at www.jfponline.com).
Of the 9 studies that measured the diseaseoriented outcome of breath hydrogen, 3
were positive, 3 were negative, and 3 had
both positive and negative (mixed) results.
Of the 7 studies that measured the patientoriented outcome of symptoms, 1 yielded
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TA B L E 2

Does the addition of probiotics to non-fermented dairy products
decrease lactose intolerance at a single meal?
LEAD AUTHOR

BREATH
HYDROGEN RESULTS*

SYMPTOM RESULTS

COMMENTS

Non-probiotic treatment arm of whole milk with
corn flakes “alleviated lactose malabsorption
significantly” (P<.01).11

Dehkordi (1995)

Negative
(1 of 1 Expt 1;
2 of 2 Expt 2)

Not measured

Jiang (1996)

Positive (2 of 3)

Negative
(2 of 3 flatulence,
3 of 3 abdom. pain,
3 of 3 meteorism,
3 of 3 borborygmi,
3 of 3 diarrhea)

Mustapha (1997)

Positive (3 of 4)

Mixed

Newcomer (1983)

Not measured

Negative (1 of 1)

Onwulata (1989)

Negative (1 of 1)

Negative (1 of 1)

1 of 4 probiotic treatment arms w/ significantly less
flatulence; 1 w/ sig. less bloating; 2 w/ sig. less
diarrhea. No difference in rumbling symptom.

Lin, Savaiano (1991) Mixed

Negative (7 of 8)

3 of 8 probiotic treatment arms w/ sig. difference in
mean breath hydrogen. 1 of 8 probiotic treatment
arms eliminated intolerance symptoms “in all subjects.”

Lin, Yen (1998)

Mixed

Positive (3 of 4)

2 of 4 probiotic treatment arms w/ sig. difference
in mean breath hydrogen.

Savaiano (1984)

Negative (1 of 1)

Negative (1 of 1)

McDonough (1987)

Mixed

Not measured

Kim (1983)

Positive (2 of 3)

Not measured

1 of 2 probiotic treatment arms w/ sig. difference
in mean breath hydrogen.

Summary (10 studies): Breath hydrogen = 3 positive studies, 3 negative, 3 mixed, 1 not measured. *Expressed as number of probiotic treatment
arm results per number of probiotic treatment arms in study. Examples: negative (2 of 3) = 2 negative treatment arms of 3 probiotic treatment
arms; Positive 1 of 1 = 1 positive treatment arm of 1 treatment arm.

positive results, 5 were negative, and 1 had
mixed outcomes (TABLE 2 ).
■ Discussion

This review of controlled clinical trials
produced a negative answer to the
question: “Do probiotics decrease lactose
intolerance at a single meal including
nonfermented dairy products?” We
reviewed articles that involved the
simultaneous combination of probiotics
and non-fermented dairy products in
objectively identified lactose-intolerant
individuals.
w w w. j f p o n l i n e . c o m

Strengths of this review
All review studies selected patients who
had both gastrointestinal symptoms and
positive breath hydrogen test results. All
studies used appropriate methodology of
randomized design (LOE: 1b). All studies
involved a control group or a crossover
design in which intervention patients
served as their own controls. Further
strengths of this review are an adequate
number of studies with strong methodology, most (7 of 10) measured the patientoriented outcome of symptoms, and
reports of no adverse effects of probiotic
treatments.
VOL 54, NO 7 / JULY 2005
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unknown reasons
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Weaknesses of the review
The variations in probiotic subtype, strain,
and concentration are weaknesses in this
review. Probiotic subtypes and strains vary
with regard to β-galactosidase activity,
intestinal adherence, cell wall thickness,
and other characteristics that may affect
clinical efficacy. Jiang showed significant
breath hydrogen results with B longum B6
grown in lactose-containing media, while
the same strain grown in glucose- and
lactose-containing media was not effective.
He also found the former strain significantly reduced the symptom of flatulence
but not pain, meteorism, borborygmi, or
diarrhea.
Only 2 of the 9 L acidophilus studies
reported use of similar strains of L acidophilus B (Mustapha, Lin and Yen). Six
of the 9 L acidophilus studies accounted
for the probiotic subtype and concentration but not its strain. Instead the L acidophilus intervention was expressed as
L acidophilus milk or sweet acidophilus
milk (Dehkordi, Newcomer, Onwulata,
Savaiano, McDonough, Kim). A potential
strain outcome association may exist with
L acidophilus B. Both Mustapha and Lin
and Yen showed positive outcomes with
this treatment arm in breath hydrogen and
symptom results (TABLE W1 , available
online at www.jfponline.com).
Trials using L bulgaricus (Lin,
Savaiano, and Lin and Yen) may have
isolated a therapeutic subtype other than
acidophilus. Lin, Savaiano found that 1 of
2 L bulgaricus/S thermophilus combinations significantly reduced symptoms.
Whether this difference may be attributed
to 1 of the 2 subtypes or their combination
can only be speculated.
Additionally, Lin and Yen found that
both strains of L bulgaricus 449 at concentrations of 108 and 109 significantly
improved breath hydrogen and symptom
scores. This positive association may be
related to any or all of its subtype, strain, or
concentration. Also in that study, both
probiotic subtypes of L acidophilus and
L bulgaricus at concentrations of 109 significantly reduce symptoms. Unfortunately,

there was not enough specific information
on strain characteristics to draw any firm
conclusions. In future studies, careful attention to bacterial characteristics may provide a definitive answer to our questions.
The lack of standardized data presentation for breath hydrogen and symptoms
in these 10 trials was a limitation. Some
papers had only graphs of mean breath
hydrogen, some showed differences from
baseline, and some showed various
summary statistics of breath hydrogen
over different time periods. There was no
standard objective measure of symptoms
such as a Likert scale. Instead, symptoms
were expressed in various ways (number of
instances, scoring systems, or sole mention
in text format). For these reasons, a metaanalysis could not be performed. This
review could be further criticized because
authors were not directly contacted for
raw data for a potential meta-analysis.
Recommendations from this review
Several recommendations can be extracted
from the results of this review.
First, probiotics in general do not
reduce lactose intolerance (SOR: A).
However, some evidence suggests that
specific strains and concentrations are
effective (SOR: B).
Second, there were enough positive
treatment arms to suggest that some individuals will, for unknown reasons, have
their symptoms eliminated or reduced with
probiotics (SOR: B). It is reasonable, therefore, for clinicians to simply tell patients to
“try it.” For a more objective analysis, an
n-of-1 trial could be used.21 Clinicians will
have to keep in mind that many people
presumed to have lactose intolerance do
not meet standard diagnostic criteria when
objectively assessed.
Third, several strategies are available
to lactose-intolerant persons (SOR: C).
Yogurt, lactase enzymes, lactose-free or
lactose-reduced products, specific foods,
and probiotics selective for strain, concentration, and preparation are all supported
by evidence. Onwulata compared results
of probiotic milk, lactase tablets plus milk,
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hydrolyzed lactose milk, and yogurt with
that of whole milk. Only yogurt and
hydrolyzed lactose milk yielded significantly lower breath hydrogen results. Six of 10
patients reported symptoms with probiotic
milk, 3 of 10 with lactase tablets, 1 of 10
with hydrolyzed milk, and no symptoms
were reported with yogurt.
Dehkordi showed that probiotic milk
had no effect on breath hydrogen results,
but his treatment arm of cornflakes with
whole milk did significantly affect results.
McDonough found that when sweet acidophilus milk was sonicated to release
intracellular lactase from the bacterial
cells, a significant change in breath hydrogen resulted. Unfortunately, neither
Dehkordi nor McDonough measured
symptoms in their studies to specify
patient-oriented outcomes.
Fourth, many individuals with symptoms of lactose intolerance do not meet the
definition of diagnosis as measured by
breath hydrogen testing (SOR: B). All clinical trials in this review declined subject
enrollment if lactose intolerance symptoms
were unconfirmed by breath hydrogen testing, thereby accepting only true positives.
There are several reasons why probiotic supplementation may be superior to
commercial lactase supplementation.
Patients have varied responses to lactase
supplementation with meals, and different
preparations may be more or less effective
for the same quantity of lactose ingested.22
Also, as mentioned earlier, other research
supports the role of probiotics in preventing diarrheal illness, treating irritable
bowel syndrome and inflammatory bowel
disease, and possibly benefiting persons
with atopic disease. Finally, if lactase-producing probiotics are clinically effective
and can also adhere to the intestinal lining,
patients may experience prolonged reduction or remission of symptoms without the
need to ingest any tablets with meals.
Two of the 10 studies (Newcomer,
Kim) examined long-term probiotic use for
1 and 2 weeks, respectively. Newcomer
measured only symptoms, showing no significant difference between L acidophilus
w w w. j f p o n l i n e . c o m
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milk and unaltered milk. Kim found that 2
of 3 L acidophilus concentrations significantly decreased breath hydrogen results,
but the study did not measure symptoms.
We can infer a negative patient-oriented
outcome of long-term probiotic intervention based on these 2 trials. However, this
domain of chronic probiotic use to reduce
lactose intolerance would benefit from
additional studies for comparison.
In conclusion, probiotic supplementation in general was not effective at reducing
lactose intolerance of adults. Some evidence
suggests that certain strains, concentrations,
and preparations are effective. Clinicians
could discuss probiotic supplementation
with patients as an alternative treatment.
There were enough positive treatment arms
to suggest there may be individuals who
respond to probiotics. Further studies are
needed to determine specific probiotic relationships. The best studies would be those
using crossover randomized double-blind
design of selected probiotic strains and concentrations and objectively measuring
breath hydrogen and symptoms with a long
enough wash-out period to eliminate the
chance of gut colonization. ■
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