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Background: In the highly active antiretroviral
therapy (HAART) era, chronic diarrhea remains common in human immunodeficiency virus (HIV) illness.
Empirical lactose avoidance is often advised despite
lack of evidence of benefit in a population at risk for
osteopenia and malnutrition.
Methods: The a priori hypothesis was that moderate lactose ingestion would not worsen diarrhea in this population. We used a double-blind, noninferiority, randomized
crossover trial in a community setting of primary and tertiary care HIV clinics. The participants all had chronic diarrhea and were a volunteer sample of 49 predominantly
white HIV-infected men who have sex with men. They ingested 240 mL of low-fat milk (12 g of lactose) and lactosefree milk during 2 separate study periods. The primary outcome was mean difference in stool weight between the 2
study periods in the 8 hours after milk ingestion. Lactose
was judged not to worsen diarrhea if this difference did not
exceed 167 g in 8 hours with 95% certainty.

Results: Forty-eight (98%) of 49 participants were male.
Median age, CD4 cell count, and viral load were 42 years
(range, 20-62 years), 390 cells/mL (range, 20-1100 cells/
mL), and 112 copies/mL (range, ⬍50 to ⬎500 000 copies/
mL), respectively. Thirty-nine participants (80%) were
taking HAART medication. Ten participants (20%) were
lactase deficient. The mean difference in stool weight between the 2 study periods was −41.3 g/8 h (upper 95%
confidence limit, −13.5 g) for the entire group and ⫹11.3
g/8 h (upper 95% confidence limit, ⫹47.4 g) for the lactase-deficient group.
Conclusions: Moderate lactose ingestion does not

worsen diarrhea in HIV-infected persons with chronic
diarrhea, regardless of lactase status. Therefore, avoidance of modest quantities of milk may not be justified
in this population.
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IARRHEA REMAINS COM mon in persons with human immunodeficiency
virus (HIV) despite the use
of potent antiretroviral
medications.1 However, the cause of this
problem is changing, with a decline in opportunistic infections and an increase in
noninfectious causes.2 Noninfectious HIVrelated diarrhea has been attributed to HIV
enteropathy,3 medications,4 and lactase deficiency (LD).5,6
Lactose intolerance is characterized by
abdominal bloating, flatulence, diarrhea,
and cramping abdominal pains after the
ingestion of foods containing lactose. It is
caused by a deficiency of lactose, a small
bowel brush border enzyme essential to the
digestion of lactose. Hydrogen breath testing is a highly sensitive and specific test
for LD.7 In the general population, it is well
recognized that many persons with LD can
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tolerate moderate quantities of lactose in
their diet (eg, 12-18 g, which is equivalent to 1-1.5 cups of milk) without developing symptoms.8-10 Conversely, subjective perception of milk intolerance is a poor
predictor of true LD.9-11
Although LD is more prevalent in HIVinfected adults than in uninfected adults,12
there are no blinded and controlled studies evaluating the effect of lactose ingestion on HIV-related diarrhea. Despite this
lack of evidence and despite the potential
risks of malnutrition13 and osteopenia14 in
this population, avoidance of dairy products is often recommended in the management of HIV-related diarrhea.15-17 In a
survey of 21 HIV health care providers in
the Toronto, Ontario, area, 15 reported
that they recommend empirical lactose
avoidance to their patients with HIVrelated diarrhea (unpublished data, October 1999).
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Our hypothesis was that moderate ingestion of lactosecontaining milk would not worsen the diarrhea of HIVinfected persons with chronic noninfectious diarrhea compared with ingestion of lactose-free milk.
METHODS
This was a randomized, double-blind, noninferiority, crossover trial in which HIV-infected participants drank lactosecontaining and lactose-free substrate followed by stool collection and hydrogen breath testing on 2 separate days. Outcomes
were stool weight and symptom score. All participants were recruited and studied between September 2000 and March 2003.
HIV-infected persons between the ages of 18 and 80 years
who reported at least 3 loose to watery bowel movements per
day for the previous 4 weeks or more were eligible. Persons with
fewer than 3 bowel movements daily but who required daily
antidiarrheal medications were also eligible. The antiretroviral regimen had to be stable over the previous 4 weeks and for
the duration of the study.
Exclusion criteria included pregnancy, LD predating the diagnosis of HIV, severe systemic illness, malignancy, hospitalization, use of antibiotics other than for prophylaxis against opportunistic infections in the month prior to study enrollment,
any colon-cleansing procedure within 1 week of the first study
period, or diagnosis of other causes of diarrhea such as inflammatory bowel disease.
Participants were recruited from primary care and tertiary
care HIV clinics in Toronto as well as from the community using a variety of methods including newspaper advertisements,
direct communication with treating physicians, and posters in
clinics and AIDS advocacy agencies.

PROTOCOL
The study protocol was approved by the research ethics boards
at St Michael’s Hospital, the University Health Network, and
the University of Toronto. All participants gave written,
informed consent. This investigation was carried out in accordance with the regulations set out in the Declaration of
Helsinki.
Prior to study entry, infection and other non–HIV-related causes
of diarrhea were ruled out with microbiologic studies (negative
findings from 3 stool cultures, 3 microscopic examinations for
ova and parasites with special stains for cryptosporidium, and 1
stool assay for Clostridium difficile toxin) and endoscopy.
For the 24 hours prior to each study period, participants
followed a lactose-free diet and avoided all antidiarrheal medications. They ate an evening meal that was low in hydrogenproducing foods. Prior to each study period, they abstained from
smoking for 3 hours and fasted for 12 hours. Human immunodeficiency virus medications were taken at the same time on
both study days.
On both study days, participants ingested test substrate
and underwent concomitant 5-hour hydrogen breath testing
and an 8-hour stool collection period. They were randomized,
using a computer-generated list created by the hospital
research pharmacist, to the order in which they received the
test substrates. The primary investigator ( J.T.) obtained written informed consent and enrolled the participants. Study personnel and participants were blinded to the randomization
schedule. There was a minimum 1-week washout period
between the 2 study days, but both had to be completed
within 6 weeks.
Alveolar breath samples were collected using an AlveoSampler (QuinTron Instrument Co, Milwaukee, Wis). A baseline
breath specimen was taken; the test substrate was ingested; and

subsequent specimens were collected hourly. Concentrations
of hydrogen and methane in the breath samples were
measured by gas chromatography (model SC MicroLyzer;
QuinTron). If the hydrogen concentration rose by 10 ppm or
more from baseline9,18 or if there was a rise of 100% or more in
methane levels from baseline in participants with a baseline
methane level of 5 ppm or more19 on the lactose study day, a
diagnosis of LD was made. Otherwise, participants were categorized as lactase persistent (LP).
At the start of each study period, participants drank 240 mL
of test substrate. On the lactose-free study day, the test substrate was lactose-hydrolyzed 2% milk (Lactaid; Parmalat,
Brampton, Ontario) and on the lactose study day, it was sweetened 2% milk containing 12.5 g of lactose. To render it indistinguishable from the lactose-free milk, which has a sweetened taste as a result of the lactose hydrolyzation, 0.23 g of
aspartame was added to the lactose-containing milk. Using the
sensory triangle test,20 30 untrained volunteers, who were not
known to be HIV-infected, were not able to distinguish the
2 test substrates (data not shown).

OUTCOMES AND STATISTICAL ANALYSIS
The primary outcome was the stool weight in grams over an
8-hour period after test substrate ingestion. This duration of stool
collection was based on reported orofecal transit times after lactose ingestion.21 To ensure that our collection period was not too
short, participants completed the symptom questionnaire described below for the 16 hours after each study period.
The secondary outcome was self-reported participant symptoms, scored using a questionnaire previously used in the evaluation of lactose intolerance9 in which 4 symptoms (abdominal
bloating, flatulence, pain, and diarrhea) were evaluated on a
6-point Likert scale (0-5). The number of bowel movements
and of flatuses during each study period were recorded.
For the primary outcome, a noninferiority boundary of an increase of 167 g in stool weight during the lactose period was selected, reflecting a change of approximately 50% in stool output
for HIV-infected persons taking protease inhibitors.22 Our hypothesis would be supported if the 1-sided upper 95% confidence limit (CL) of the mean difference in stool weight between
the study periods was less than this noninferiority boundary.23-25
For the secondary outcome, the 4 symptom scores were tallied, and the mean difference in the total score between the 2
periods was calculated. Two subgroup analyses were performed by analyzing the subgroup-intervention interaction
term.26 The first subgroup analysis, which was prespecified, compared stool weight and symptom scores in the LD and LP groups.
In the second subgroup analysis, stool weight and symptoms
were compared for those who reported lactose avoidance or definite symptoms associated with lactose ingestion to determine
whether lactose ingestion worsened their diarrhea.
Mean differences with 95% confidence intervals (CIs) are
reported. Nonparametric bootstrapping techniques27 were used
for the CIs where the data were markedly skewed. Comparisons were made using the t test, the Wilcoxon signed rank test,
or the Wilcoxon rank sum test depending on the distribution
of the data. A P value of less than .05 was considered significant. All data were analyzed using the SAS statistical package,
version 8.2 (SAS Institute, Cary, NC).
The sample size was calculated for a noninferiority type
trial assuming no difference in stool weight between study
periods, a standard deviation of 258 g in 8 hours,22 and a
moderate correlation between the 2 study periods ( = 0.3).
For our sample size of 50 participants, there was a 96.4%
probability that the 1-sided 95% upper CL for the mean difference in stool weight between study periods would exclude an
increase of 167 g.
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Table. Baseline Characteristics of Study Participants*
Overall Group
(n = 49)

Characteristic
Age, median (range), y
Male
White
Risk factors for HIV infection†
Homosexual activity
Heterosexual activity
IV drug use
Transfusion
Other
Duration of HIV infection, median (range), y
CD4 count, median (range), cells/mL
Viral load, median (range), copies/mL‡
Viral load ⬍50 copies/mL‡
Currently undergoing HAART
Never underwent HAART
Duration of current HAART regimen, median (range), mo
Duration of diarrhea, median (range), mo
BMs/d, median (range), No.
Symptoms in last month
Urgency
Incontinence
Tenesmus
Abdominal cramps
Nocturnal BMs
Antidiarrheal medication use

Lactase Deficient
(n = 10)

42 (20-62)
48 (98)
45 (92)

40 (35-60)
10 (100)
8 (80)

45 (92)
4 (8)
3 (6)
1 (2)
1 (2)
10.5 (1.0-17.6)
390 (20-1110)
112 (⬍50 to ⬎500 000)
21 (43)
39 (80)
4 (8)
12 (1-84)
36 (1-142)
4 (1-18)
38 (84)
33 (73)
14 (31)
30 (67)
23 (53)
42 (86)

8 (80)
2 (20)
1 (10)
1 (10)
1 (10)
11.2 (3.4-17.4)
350 (20-942)
119 (⬍50 to ⬎500 000)
2 (20)
8 (80)
1 (10)
10 (2-6)
45 (12-120)
4 (3-9)
6 (67)
5 (56)
4 (44)
7 (78)
6 (60)
9 (90)

Lactase Present
(n = 39)
43 (20-62)
38 (97)
37 (94)
35 (95)
2 (5)
2 (5)
0
0
10.5 (1.0-17.6)
390 (72-1110)
52 (⬍50-257 607)
19 (49)
31 (80)
3 (8)
12 (1-84)
35 (1-142)
4 (1-18)
32 (89)
28 (78)
10 (28)
23 (64)
20 (51)
33 (85)

Abbreviations: BM, bowel movement; HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus; IV, intravenous.
*Unless otherwise indicated, data are reported as number (percentage) of patients.
†Some participants had more than 1 risk factor.
‡Viral load tested using Chiron 3.0 assay (Chiron Corp, Emeryville, Calif ).

RESULTS

OUTCOMES

PARTICIPANTS

In each study period, participants had a median of 2 bowel
movements (range, 0-7) and 2 episodes of flatus (0-15
in lactose-free period; 0-16 in lactose period).

Results are reported for only 49 of the 50 participants
because 1 participant violated the study protocol. This
person was unable to complete the protocol within a
6-week period because of hospital closures related to a
public health emergency in Toronto.
Baseline demographics are reported in the Table.
Forty-eight (98%) of the participants were male; 45
were white; 1 was African Canadian; 1 was Latino; and
2 were Aboriginal. The median CD4 count was 390
cells/mL, while the viral load was undetectable in 21
participants (43%). Thirty-nine (80%) of the participants were taking highly active antiretroviral therapy
(HAART) medication while 42 (86%) were taking antidiarrheal medications. Participants reported a median
of 4 bowel movements per day.
Nineteen participants (39%) reported “definite gastrointestinal symptoms” with intake of lactosecontaining foods, while 15 (31%) were unsure about this
relationship, and the remaining 15 (31%) felt that there
was no relationship. Eighteen (37%) of the participants
reported avoiding lactose-containing foods.
The baseline characteristics of the 10 participants (20%)
found to be LD did not appear to differ from the overall
group (Table).

Primary Outcome: Stool Output
For the entire group, the mean±SD stool weights were
126.3±132 g and 167.6±194 g during the lactose and lactose-free study periods, respectively. The correlation in
stool weight between the study periods was =0.12. The
mean difference between the 2 periods (stool weightlactose –
stool weightlactose-free) was –41.3 g, with a 1-sided upper
95% CL of –13.5 g, which was less than the ⫹167-g
noninferiority boundary (Figure 1).
The LD group had a mean difference in stool output
between the 2 periods of ⫹11.3 g (upper 95% CL, ⫹47.4
g), while in the LP group, the mean difference between
the 2 periods was –54.8 g (upper 95% CL, –17.8 g). The
stool output in the LD group differed significantly from
the LP control group (66.1 g difference between groups;
95% CI, 11.84-122.3 g; P=.03) (Figure 2).
Secondary Outcome: Symptoms
For the entire group, the mean symptom scores were 4.7
and 5.5 during the lactose and lactose-free study peri-
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Figure 1. Representations of stool weight measures. A, Mean stool weight
for lactose and lactose-free 8-hour periods. The mean difference between the
2 periods is −41.3 g. B, Mean difference in stool weight between lactose and
lactose-free period, with upper 1-sided 95% confidence limit.

Figure 2. Representations of stool weight measures. A, Mean stool weight
during lactose and lactose-free 8-hour periods for lactase-deficient and
lactase-present groups. B, Mean difference in stool weight between lactose
and lactose-free periods, with upper 1-sided 95% confidence limits for
lactase-deficient and lactase-present groups.

ods, respectively. The mean difference between the 2 periods was –0.8 (95% CI, –1.9 to 0.3).
For the LD group, the mean difference in symptom
scores between the 2 periods was 1.0 (95% CI, –2.5 to
4.5), whereas for the LP group, the mean difference was
–1.2 (95% CI, –2.3 to –0.1). There was no significant difference in symptoms between the 2 groups (–2.2 difference between groups; 95% CI, –5.0 to 0.5; P =.11).
There were no significant differences between the study
periods in the total and diarrhea-specific symptom score
for the 16 hours immediately following each period for
the overall group or for the LP and LD subgroups.
Self-reported lactose avoidance and participant perception of symptoms were not significantly associated with
a change in stool weight nor were they associated with
increased symptoms during the lactose period (data not
shown).

Despite the statistically significant difference in stool
weight between the LD and LP groups, the clinical importance of this finding is questionable. The upper 95%
CL of the mean difference in stool output between the 2
study periods suggests that at most, lactose would produce a mean increase of 48 g of stool in an 8-hour period in the LD group. This difference represents approximately 3 tablespoons of stool and is unlikely to be clinically
significant. Similarly, the upper 95% CL of the difference in symptoms between the 2 study periods for the
LD subgroup is small.
Our findings echo those from the non-HIV literature
where moderate lactose ingestion has not been shown
to worsen symptoms in otherwise healthy individuals.9,11 In a nonblinded and uncontrolled study, Corazza
et al12 demonstrated an association between lactose ingestion and symptoms in the LD subset of a group of HIVinfected adults. Our findings are particularly robust because our randomized and controlled study was a
noninferiority trial.23-25 We can be 95% certain that the
true difference in stool output between the 2 periods is
no more than upper CL of this difference, −13.5 g.
There are several limitations to this study. Primarily, there
is no gold standard method to evaluate diarrhea. We used
a change in stool weight as our primary measure because
(1) it is easily quantifiable; (2) it is a logical choice for the
osmotic diarrhea of LD; and (3) abnormal stool weight is
generally agreed by clinicians to objectively define diarrhea.28 Patient symptoms were also assessed because stool
weight has been criticized as a criterion for failing to capture the more subjective symptoms associated with diarrhea such as stool frequency or abdominal cramps.29 Our
conclusion that lactose does not worsen HIV-related diarrhea is strong because it was consistent across 2 independent measures: one, objective and quantifiable; the second, subjective but patient centered.

COMMENT

In this study, we have shown that empirical ingestion of
moderate quantities of lactose-containing milk does not
increase stool output or worsen symptoms in a sample
of patients with diarrhea, predominantly white HIVinfected men who have sex with men, when compared
with ingestion of lactose-free milk. In the subgroup analysis, there was a significant difference in stool output between the LD and the LP groups, largely due to a greater
stool output in the latter group on the lactose-free study
day (Figure 2). The reason for this finding in the LP group
is unclear. We did not identify a missed lactose effect in
this subgroup in the immediate poststudy period. Some
might interpret our results to mean that lactosehydrolyzed milk causes diarrhea in LP HIV-infected persons; however, there is no recognized biological mechanism to support this conclusion.
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The size of and the timing of the lactose load are also potential limitations. This is particularly a concern in a noninferiority trial where a smaller lactose load could introduce
bias (ie, toward a finding of no difference between the 2 test
substrates). However, this dose is equivalent to that found
in 1 glass of milk, which is representative of the amount of
lactose that might be found in a normal diet; for this reason, this dose is extremely clinically relevant. Our choice
of 12.5 g of lactose is in keeping with other studies where
a similar physiologic dose of lactose was used.8,9,11,18 Additionally, we evaluated the effects of lactose ingestion at a
single point in time only. However, long-term lactose ingestion is likely to cause even fewer symptoms because persons with LD may develop tolerance to the effects of lactose (due to adaptation of colonic bacteria).30
The crossover design we used has some potential limitations, including period and sequence effects.31,32 Formal statistical tests of period and sequence effects are discouraged because they are difficult to interpret.33 We did
not perform these tests but note that our study results
appear similar when reported by order of intervention
and study period (data not shown). We believe that the
nature of the clinical problem being studied and the trial
design we selected are appropriate to a crossover trial,33,34
making important period or sequence effects unlikely.
Finally, the generalizability of our findings may be limited because our study sample was predominantly white
men who have sex with men, with 80% taking antiretroviral medications. The composition of our sample may
be of concern because the prevalence of LD is known to
vary by racial group. In addition, most of our participants were taking antiretroviral medications; it is conceivable that LD related to HIV enteropathy may be more
common in those who are not taking antiretroviral agents.
Deliberately, we evaluated the effect of lactose ingestion on a general population of HIV-infected individuals with diarrhea because we were interested in testing
our hypothesis under the conditions that we had observed in clinical practice, that is, the recommendation
of empirical lactose avoidance. In fact, we found that more
than one third of our participants reported avoiding lactose, although in our sample, neither self-reported
lactose avoidance nor perception of symptoms after lactose ingestion was associated with objective evidence of
worsening diarrhea after lactose ingestion.
In summary, we have shown that moderate 1-time ingestion of lactose-containing milk does not worsen diarrhea significantly in HIV-infected persons, regardless
of the presence or absence of LD. Therefore, avoidance
of moderate quantities of milk (ie, 1 cup, equivalent to
12 g of lactose) may not be justified in this population.
Further studies would be useful, specifically studies in
different patient populations and with larger doses of lactose given over longer periods, to make more definitive
recommendations.
It is well recognized that elimination diets such as a
lactose-avoidance diet may lead to weight loss and that
lactose avoidance is associated with osteoporosis.35 In HIVinfected persons, diarrhea is also a risk factor for weight
loss,36 and even in the HAART era, weight loss remains
a predictor of mortality.37 Given the risks of malnutrition13 and osteopenia in this population,14 practitioners

may wish to encourage their HIV-infected patients with
diarrhea to include moderate quantities of dairy products in their diets.
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