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Background: Olestra is a nonabsorbable, energy-free fat
substitute. Because it is not absorbed, it may cause diges-
tive symptoms when consumed in large amounts.

Objective: To compare the frequency and impact of gas-
trointestinal symptoms in adults and children who freely
consume snacks containing olestra or regular snacks in the
home.

Design: 6-week, double-blind, randomized, parallel,
placebo-controlled trial.

Setting: General community.

Participants: 3181 volunteers 2 to 89 years of age.

Intervention: Households received identical packages la-
beled as containing olestra corn or potato chips. These
packages contained either olestra or regular chips (control).

Measurement: Gastrointestinal symptoms and their im-
pact on daily activities were reported in a daily record.

Results: At least one gastrointestinal symptom was re-
ported by 619 of 1620 (38.2%) persons in the olestra group
and 576 of 1561 (36.9%) controls (difference, 1.3 percent-
age points [95% CI, 23.6 to 6.2 percentage points]; P 5
0.60). In general, the groups did not differ significantly in
the proportion of participants who reported individual
gastrointestinal symptoms; however, more controls re-
ported nausea (8.4% compared with 5.7%; difference,
22.7 percentage points [CI, 24.9 to 20.4 percentage
points]; P 5 0.02). The only difference between groups for
the mean numbers of days on which symptoms were re-
ported was that participants in the olestra group had 1
more symptom-day of more frequent bowel movements
than did controls (3.7 symptom-days compared with 2.8
symptom days; difference, 0.9 symptom-days [CI, 0.1 to 1.8
symptom-days]; P 5 0.04). The groups did not differ in the
impact of symptoms on daily activities.

Conclusions: Clinically meaningful or bothersome gas-
trointestinal effects are not associated with unregulated
consumption of olestra corn and potato chips in the home.

This paper is also available at http://www.acponline.org.
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Olestra is an energy-free fat substitute approved
by the U.S. Food and Drug Administration for

use in snack foods, including potato chips, corn
chips, and crackers (1). Olestra, a mixture of su-
crose esters of long-chain fatty acids isolated from
edible fats and oils, is neither digested nor absorbed
(2, 3).

Anecdotal reports of severe diarrhea and abdom-
inal pain associated with ingestion of olestra (4)
have not been substantiated by extensive controlled
testing (5–7). A recent large study, in which partic-
ipants ate chips at a single sitting, showed no dif-
ferences in gastrointestinal symptoms between par-
ticipants who ate olestra chips and those who ate
regular chips (8). We wanted to obtain data from a
larger sample that freely consumed olestra snacks
over a longer period. We therefore conducted a
randomized, double-blind, placebo-controlled trial
to evaluate the frequency of gastrointestinal symp-
toms and their impact on daily living in a diverse,
free-living study sample consuming olestra chips
over a 6-week period under market use conditions
in the home environment.

Methods

The study was conducted in Phoenix, Arizona,
and St. Petersburg, Florida, from 28 July 1997 to 22
September 1997. The protocol was approved by the
institutional review board of Hill Top Research, Inc.,
Cincinnati, Ohio.

See editorial comment on pp 320-322.
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Participants

Participants were recruited by telephone from
rosters of participants in previous consumer product
studies or from print advertising in Phoenix and St.
Petersburg. Persons 2 years of age or older were
eligible for participation. For households to be eli-
gible, at least half of their members had to have
eaten corn or potato chips 4 or more times in the
past month, and all eligible members had to partic-
ipate. Persons were excluded if medical reasons pre-
cluded them from eating regular potato or corn chips.

At the initial visit, each household was assigned
to the olestra or control group by means of a sep-
arate computer-generated randomization schedule
for each of four strata (households with or without
children 2 to 12 years of age at each of the two
sites) (S-Plus, version 3.3, MathSoft, Inc., Seattle,
Washington). Because the unit of randomization
was the household, all members of the same house-
hold received the same study treatment. An adult
“household contact” was designated to return to the
study site each week (within a period of 7 6 2 days)
for 6 consecutive weeks.

Products

At each visit, household contacts viewed a display
of 14 olestra-labeled and regular (full-fat) potato
and corn chips and ordered up to 8 packages in any
combination of olestra or regular packages. The
olestra-labeled packages provided to households in
the olestra group contained olestra (Olean, Procter
& Gamble, Cincinatti, Ohio) products, but the
olestra-labeled packages provided to households in
the control group actually contained regular (con-
trol) chips. Households in both groups could also
select regular chips in marketed packages.

The olestra products consisted of seasoned and
plain olestra potato chips (WOW brand Lays and
Ruffles, Frito-Lay, Dallas, Texas), corn chips (WOW
brand Doritos, Frito-Lay), and potato crisps (Pringles
Fat-Free brand, Procter & Gamble). The matching
control products consisted of seasoned and plain
regular potato chips (Lays and Ruffles, Frito-Lay),
corn chips (Doritos, Frito-Lay), and potato crisps
(Pringles, Procter & Gamble). All of the products
were regular commercial products obtained from the
manufacturers and were distributed free of charge in
5.5- to 9-ounce standard market packages.

The olestra-labeled packages containing olestra
snacks were identical in appearance to the olestra-
labeled packages containing regular snacks. Each
package displayed the Olean logo and the following
information statement: “This Product Contains
Olestra. Olestra may cause abdominal cramping and
loose stools. Olestra inhibits the absorption of some

vitamins and other nutrients. Vitamins A, D, E and
K have been added.”

Participants were instructed to eat the chips as
they normally would. They were also told not to
share the chips outside of the household and not to
consume any chips other than those provided at the
study site.

All study participants and personnel associated
with the collection, processing, or analysis of the
data were blinded to study group assignment. They
were also blinded to the type of study product con-
tained in olestra-labeled packages. Product orders
were filled by staff who were specifically assigned to
that duty and had no contact with the study partic-
ipants. The randomization code was not available to
the persons conducting the study.

Study Procedures and Data Collection

Before the study started, a screening telephone
call was made to each household to determine in-
terest in and eligibility for participation in the study.
All household members who agreed to participate
came to the study site for the initial visit. At this
time, information collected during the screening
phone call was verified, medical histories were re-
corded, and written informed consent was obtained
from all participants or their guardians. The in-
formed consent form explained to the participants
that the olestra-labeled packages they selected
might contain olestra chips or regular full-fat chips.
The form also stated that “During this study, as
with other changes in the diet or eating habits,
some individuals may notice digestive changes or
discomfort such as cramping or loose stools.” Par-
ticipants viewed a video instructing them how to
complete the study records.

During the study, all participants indicated on a
daily record how much of the olestra-labeled and
regular chips they ate, in increments of one quarter
of a package, and whether they had any digestive
symptoms. The household contact assisted children
or completed the daily records for them, as needed.
Participants noted whether they experienced any of
the following symptoms: heartburn or indigestion,
nausea or queasiness, vomiting, gas, bloating, ab-
dominal cramping or pain, more frequent bowel
movements, or looser stool or other digestive symp-
toms. Participants indicated how the symptoms af-
fected their daily activities by checking one of the
following categories: 1) noticed symptoms but did
not affect activities, 2) symptoms slightly affected
activities, 3) missed some time at activities, or 4)
missed all day at activities. Participants also noted
whether they took medication or visited a physician
because of their symptoms. At the end of the study,
participants indicated which snacks they thought
they had eaten (olestra, regular, or didn’t know).
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Study personnel reviewed the daily records for ac-
curacy and completeness in the presence of the
participant at each weekly visit. Although the
amount of chips consumed in this study was not
objectively verified, we conducted a pretrial 6-week
pilot study to confirm that the data collected in the
daily record would be representative of actual chip
consumption. In that study, 70% of consumption
estimates were within 30% of the actual weight of
the chips consumed.

Statistical Analysis

The study was designed to provide at least 80%
power (at an a level of 0.05) for detecting true
differences between groups of 6% to 8% in the
proportions of participants with symptoms, based on
500 households per test group. To account for the
possible correlation of within-household informa-
tion, variance estimation was done by using the
sampling theory approach for ratio estimates, as
described elsewhere (9, 10). Testing for treatment
differences was then done by using the normal ap-
proximation method. All P values are two-sided and
were not adjusted for multiple comparisons. Ap-
proximate 95% CIs for the difference between two
proportions were constructed by using the standard
large-sample normal approximation method. All sta-
tistical analyses were performed by using S-Plus
software, version 3.3 (MathSoft, Inc.)

Role of the Funding Source

Data were collected by an independent contrac-
tor (Hill Top Research, Inc., Cincinnati, Ohio).
Analyses were performed by the sponsor, and the
results were submitted to the U.S. Food and Drug

Administration for review. The principal investiga-
tor had final authority with respect to publication of
results.

Results

Disposition and Demographic Characteristics of
the Study Participants

A total of 3250 volunteers—1651 persons from
579 households in the olestra group and 1599 per-
sons from 581 households in the control group—
were randomly allocated (Figure). Of these, 24 vol-
unteers (14 in the olestra group and 10 in the
control group) were excluded because they did not
eat olestra-labeled chips. Of the 130 volunteers who
withdrew from the study, 45 (17 in the olestra group
and 28 in the control group) did so before the
second visit and did not return any daily records.
Therefore, 3181 volunteers, including 885 children 2
to 12 years of age and 402 elderly persons 65 to 89
years of age, were included in the analysis. Data
from the 85 participants who withdrew after the
second visit were included in the analysis up to the
time of discontinuation.

Participants in the olestra and control groups
were similar with respect to age, sex, and ethnicity
(P . 0.2) (Table 1). They were also similar in terms

Table 1. Demographic Characteristics of Study Participants*

Characteristic Olestra
Group

(n 5 1620)

Control
Group

(n 5 1561)

All
Participants
(n 5 3181)

4OOOOOOn (%)OOOOOO3

Age
2–12 years 442 (27.3) 443 (28.4) 885 (27.8)
13–17 years 125 (7.7) 102 (6.5) 227 (7.1)
18–64 years 842 (51.9) 825 (52.9) 1667 (52.4)
65–89 years 211 (13.0) 191 (12.2) 402 (12.6)

Sex
Male 696 (43.0) 704 (45.1) 1400 (44.0)
Female 924 (57.0) 857 (54.9) 1781 (56.0)

Ethnicity
White 1429 (88.2) 1394 (89.3) 2823 (88.7)
African-American 71 (4.4) 81 (5.2) 152 (4.8)
Hispanic 84 (5.2) 63 (4.0) 147 (4.6)
Asian 14 (0.9) 2 (0.1) 16 (0.5)
Native American 9 (0.6) 13 (0.8) 22 (0.7)
Other 13 (0.8) 8 (0.5) 21 (0.7)

Highest level of education
reached†

High school (grade 12) or less 211 (37.5) 212 (37.4) 423 (37.4)
More than high school 353 (62.5) 355 (62.6) 707 (62.5)

Median yearly household income‡
#$35 000 335 (59.5) 347 (61.3) 682 (60.4)
.$35 000 180 (32.0) 170 (30.0) 350 (31.0)
Did not state 48 (8.5) 49 (8.7) 97 (8.6)

* Includes participants who ate olestra-labeled corn or potato chips at least once.
† Information on education was collected for the household’s main wage earner only.
‡ Information was available for 563 participants in the olestra group and 566 participants

in the control group.

Figure. Progress of study participants during randomization and
during the trial.
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of highest level of education reached, occupation of
the main wage earner, and yearly household income.

Consumption of Study Product

During the 42-day study, participants in both
groups ate olestra-labeled chips frequently (Table
2). Although consumption was slightly lower in the
olestra group than in the control group, olestra
chips were consumed on approximately half of the
study days in a median daily amount of more than
1 ounce. In both groups, the weekly percentages of
participants consuming olestra-labeled chips were
consistent (82% to 91% in the olestra group and
88% to 92% in the control group) and showed no
trends throughout the study. The median number of
eating days and the total amount of olestra-labeled
chips eaten were greatest among elderly partici-
pants. Men ate more olestra-labeled chips per eat-
ing day than women, but women tended to eat
olestra-labeled chips more frequently than men and,
as a result, consumed a greater median total amount.
The median total amount eaten by children was about
25% less than that eaten by the group as a whole.

Symptoms

Analysis of the frequency of gastrointestinal
events showed no statistically significant differences
between the proportions of participants in the
olestra and control groups who reported any gastro-
intestinal symptom (619 of 1620 [38.2%] persons in
the olestra group and 576 of 1561 [36.9%] controls;
difference, 1.3 percentage points [95% CI, 23.6 to
6.2 percentage points]; P . 0.2) (Table 3). In gen-
eral, the test groups did not differ significantly in
the proportion of participants reporting any of the
eight individual gastrointestinal symptoms, except
that a higher percentage of controls reported nau-
sea (5.7% compared with 8.4%; difference, 22.7
percentage points [CI, 24.9 to 20.4 percentage
points]; P 5 0.02).

For participants reporting gastrointestinal symp-
toms, the groups did not generally differ in the
number of days that symptoms were reported
(symptom-days) for any gastrointestinal symptom or
for any of the eight individual gastrointestinal symp-
toms; however, participants in the olestra group had
1 more symptom-day than controls for more fre-
quent bowel movements (3.7 symptom-days com-
pared with 2.8 symptom-days; difference, 0.9 symp-
tom-days [CI, 0.1 to 1.8 symptom-days]; P 5 0.04)
(Table 3). In both groups, the median number of
days on which olestra-labeled products were eaten
was similar among participants who reported any
gastrointestinal symptoms (20 eating days) and among
those who reported no symptoms (21 eating days).

In almost all cases, symptoms were rated as hav-
ing little to no effect on daily activities, and the
groups did not differ in these ratings: 98.2% of the
ratings in the olestra group and 97.2% of those in
the control group indicated that symptoms either
did not affect or only slightly affected daily activities
(Table 4).

Because aggregate measures may obscure impor-
tant differences in subgroups, we conducted a series
of analyses to determine whether certain subgroups
(children 2 to 12 years of age, teenagers 13 to 17
years of age, adults 18 to 64 years of age, elderly
persons 65 to 89 years of age, and men and women)
might be more likely to report effects of olestra
(Table 5). When we stratified the groups by age, the
groups did not differ significantly in the percentage
of participants with gastrointestinal events for most
gastrointestinal symptoms; the only exceptions were
that more children in the control group reported
other gastrointestinal symptoms (0.2% compared
with 2.3%; difference, 22.1 percentage points [95%
CI, 24.0 to 20.1 percentage points]; P 5 0.04) and
more adults in the olestra group reported gas
(30.6% compared with 24.8%; difference, 5.8 per-
centage points [CI, 0.6 to 11.0 percentage points];
P 5 0.03). Among children, the difference between

Table 2. Consumption of Olestra-Labeled Chips

Consumption Data Olestra Group Control Group

Participants Eating Days* Participants Eating Days*

Median 25th, 75th
Percentile

90th
Percentile

Median 25th, 75th
Percentile

90th
Percentile

n 4OOOOOOOdOOOOOOO3 n 4OOOOOOOdOOOOOOO3

Overall 1620 20 12, 28 35 1561 21 14, 29 36
Men 696 18 11, 26 34 704 19 13, 27 36
Women 924 21 14, 29 35 857 22 15, 31 37
Children (2–12 years of age) 442 18 11, 24 32 443 18 12, 25 32
Teenagers (13–17 years of age) 125 15 10, 24 28 102 18 12, 23 31
Adults (18–64 years of age) 842 20 13, 28 34 825 21 15, 29 35
Seniors (65–89 years of age) 211 27 19, 35 40 191 32 21, 36 40

* Number of days on which olestra-labeled chips were eaten.
† The average amount of chips eaten per eating day is defined as the amount of chips eaten by a participant divided by his or her number of eating days.
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the groups was mostly attributable to reported con-
stipation. The only statistically significant difference
between the test groups in terms of the number of
symptom-days reported was that in the olestra
group, the number of symptom-days was higher
among adults for any gastrointestinal event (5.7
compared with 4.6 symptom-days; difference, 1.1
symptom-day [CI, 0.1 to 2.1 symptom-days]; P 5
0.03) and more adults had more frequent bowel
movements (4.1% compared with 2.9%; difference,
1.2 symptom-days [CI, 0.1 to 2.2 symptom-days];
P 5 0.02).

When we stratified the test groups by sex, the
percentage of men reporting nausea (3.9% com-
pared with 7.4%; P 5 0.01) and the mean number
of symptom-days for cramping in men (1.8 com-
pared with 2.5, P 5 0.04) were significantly higher in
the control group than the olestra group. Among
women, the percentage of reported gastrointestinal
symptoms did not differ significantly, but the num-
bers of symptom-days in the olestra group were
greater for any gastrointestinal event (5.4 compared
with 4.2 symptom-days; P 5 0.004), gas (4.9 com-

pared with 3.7 symptom-days; P 5 0.009), and more
frequent bowel movements (3.9 compared with 2.9
symptom-days; P 5 0.03). Although these differ-
ences in the numbers of symptom-days were statis-
tically significant, they were small, consisting of only
about 1 day out of a possible 42.

Of note, for all subgroups, the impact of symp-
toms on activities was minor; 98% to 99% of the
ratings in the olestra group and 96% to 100% of
those in the control group were in the “no effect” or
“slight effect” categories (Table 4). In all subgroups
except elderly persons, the impact of symptoms was
slightly less in the olestra group than in the control
group.

When participants were stratified by deciles of
total olestra-labeled chips consumed, the percentage
of participants in the highest decile who reported
symptoms was greater in the olestra group than in
the control group for more frequent bowel move-
ments (27.9% compared with 11.7%; difference,
16.2 percentage points [CI, 5.0 to 27.4 percentage
points]; P 5 0.005) and looser stool (30.3% com-
pared with 16.8%; difference, 13.5 percentage points

Table 3. Summary of Gastrointestinal Symptoms*

Event Participants Who Reported GI Symptoms Mean (6 SE) Symptom-Days in Participants Reporting GI
Symptoms

Olestra
Group

Control
Group

Difference (95% CI) P
Value

Olestra
Group

Control
Group

Difference (95% CI) P
Value

n (%) percentage points 4OOOOOO symptom-daysOOOOOO3

Any GI event† 619 (38.2) 576 (36.9) 1.3 (23.6 to 6.2) .0.2 5.0 6 0.3 4.2 6 0.3 0.8 (20.1 to 1.6) 0.07
Heartburn 139 (8.6) 131 (8.4) 0.2 (22.2 to 2.6) .0.2 2.6 6 0.3 2.4 6 0.3 0.1 (20.6 to 0.9) .0.2
Nausea 93 (5.7) 131 (8.4) 22.7 (24.9 to 0.4) 0.02 1.9 6 0.2 1.7 6 0.1 0.2 (20.3 to 0.8) .0.2
Vomiting 29 (1.8) 28 (1.8) 0.0 (21.1 to 1.0) .0.2 1.3 6 0.1 1.2 6 0.1 0.1 (20.3 to 0.5) .0.2
Gas 392 (24.2) 339 (21.7) 2.5 (21.8 to 6.7) .0.2 4.5 6 0.3 3.8 6 0.3 0.7 (20.2 to 1.6) 0.12
Bloating 182 (11.2) 146 (9.4) 1.8 (20.8 to 4.6) 0.18 3.3 6 0.3 2.8 6 0.2 0.4 (20.3 to 1.2) .0.2
Cramping 243 (15.0) 236 (15.1) 20.1 (23.3 to 3.1) .0.2 2.4 6 0.2 2.5 6 0.2 20.1 (20.6 to 0.4) .0.2
More frequent bowel movements 332 (20.5) 271 (17.4) 3.1 (20.7 to 7.0) 0.11 3.7 6 0.4 2.8 6 0.2 0.9 (0.1 to 1.8) 0.04
Looser stool 410 (25.3) 360 (23.1) 2.2 (22.1 to 6.6) .0.2 3.9 6 0.3 3.6 6 0.3 0.3 (20.6 to 1.2) .0.2
Other GI symptoms‡ 36 (2.2) 50 (3.2) 21.0 (22.2 to 0.3) 0.12 2.3 6 0.4 2.1 6 0.4 0.3 (20.8 to 1.3) .0.2

* GI 5 gastrointestinal.
† Includes all participants who responded “yes” to the question in the daily record.
‡ The most frequently reported other GI symptoms in the olestra and control groups, by number of participants, were constipation (15 and 17), diarrhea (8 and 7), discolored stool (5

and 2), and hard stool (3 and 2). The remainder of other GI symptoms were reported by 3 or fewer participants.

Table 2—Continued

Olestra Group Control Group

Average Amount of Chips Eaten Per Eating Day† Average Amount of Chips Eaten Per Eating Day†

Median 25th, 75th
Percentile

90th
Percentile

Median 25th, 75th
Percentile

90th
Percentile

4OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOozOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO3

1.30 1.01, 1.75 2.34 1.35 0.99, 1.90 2.67
1.41 1.05, 1.88 2.44 1.41 1.03, 1.98 2.79
1.24 0.97, 1.66 2.25 1.30 0.95, 1.83 2.55
1.13 0.88, 1.46 1.88 1.13 0.89, 1.54 2.18
1.37 1.00, 1.88 2.53 1.40 1.06, 1.82 2.55
1.39 1.07, 1.82 2.46 1.44 1.03, 1.99 2.87
1.38 1.07, 1.87 2.51 1.55 1.08, 2.14 2.96
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[CI, 2.1 to 25.1 percentage points]; P 5 0.02). The
numbers of symptom-days did not differ significantly
between the two groups for any of the eight symp-
toms, and symptoms were rated as having no effect
or slight effect on 97.8% and 98.4% of symptom-
days in the olestra and control groups, respectively
(Table 4).

Seven participants in the olestra group and 9 in
the control group reported visiting a physician for
gastrointestinal symptoms. Medication use for gas-
trointestinal symptoms, reported by 132 participants
in the olestra group and 129 in the control group,
was also similar between the groups, including use
of antidiarrheal agents (44 and 47 participants, re-
spectively). No participant reported leakage of oil
or fecal incontinence. One woman in the control
group reported a gastrointestinal adverse event
(cramping) that led to withdrawal from the study.
Two controls died during the study; one committed
suicide and the other had a fatal cardiac event.

At the end of the study, participants indicated
which type of chips they thought they had been
eating. More than half of the participants (58%)
stated that they did not know which kind of chip
they were eating. Of the 1283 participants who
guessed at the type of chips they had been eating,
612 (39%) in the olestra group correctly believed
that they had received olestra snacks and 175 (12%)
in the control group correctly believed that they had
received regular snacks. This difference in the per-

centage of participants who guessed correctly is con-
sistent with the fact that a much higher proportion
of the participants guessed that they were eating
olestra snacks. Among participants who guessed, the
percentage who believed that they were eating
olestra chips (79%) was almost four times the per-
centage who believed that they were eating regular
chips (21%).

Of interest, the percentage of participants report-
ing gastrointestinal symptoms was significantly
higher among participants who thought they had
been eating olestra chips (45.3% in the olestra
group and 44.4% in the control group) than among
participants who thought they had been eating reg-
ular snacks (31.0% in the olestra group and 29.1%
in the control group) (P 5 0.01). For participants
who said that they did not know which type of chip
they had been eating, the percentage reporting gas-
trointestinal symptoms did not differ between the
olestra (35.0%) and control (35.8%) groups.

Discussion

In this large, controlled clinical trial in free-living
adults and children, we found no difference in the
occurrence of clinically significant or bothersome
gastrointestinal effects between participants who
consumed olestra or regular snacks for 6 weeks.

The amount of olestra consumed by the partici-

Table 4. Effect of Symptoms on Daily Activities*

Category Participants† Noticed Symptoms but
Daily Activities Were

Not Affected

Noticed Symptoms and
Daily Activities Were

Slightly Affected

Missed Some Time from
Daily Activities

Missed
All Day

n 4OOOOOOOOOOOOOOOOO symptom-days (%)OOOOOOOOOOOOOOOOO3

All participants
Olestra group 619 2587 (83.6) 452 (14.6) 41 (1.3) 16 (0.5)
Control group 576 2021 (82.6) 357 (14.6) 46 (1.9) 22 (0.9)

Children (2–12 years of age)
Olestra group 133 437 (87.9) 48 (9.7) 5 (1.0) 7 (1.4)
Control group 135 389 (81.0) 74 (15.4) 9 (1.9) 8 (1.7)

Teens (13–17 years of age)
Olestra group 42 127 (84.1) 22 (14.6) 2 (1.3) 0 (0)
Control group 40 122 (86.5) 16 (11.4) 3 (2.1) 0 (0)

Adults (18–64 years of age)
Olestra group 376 1741 (81.9) 346 (16.3) 29 (1.4) 9 (0.4)
Control group 342 1263 (81.0) 249 (16.0) 33 (2.1) 14 (0.9)

Elderly (65–89 years of age)
Olestra group 68 282 (87.3) 36 (11.2) 5 (1.6) 0 (0)
Control group 59 247 (92.9) 18 (6.8) 1 (0.4) 0 (0)

Men
Olestra group 252 944 (85.1) 149 (13.4) 11 (1.0) 6 (0.5)
Control group 238 854 (82.0) 163 (15.7) 19 (1.8) 5 (0.5)

Women
Olestra group 367 1643 (82.7) 303 (15.3) 30 (1.5) 10 (0.5)
Control group 338 1167 (83.1) 194 (13.8) 27 (1.9) 17 (1.2)

High consumers‡
Olestra group 53 331 (83.2) 58 (14.6) 6 (1.5) 3 (0.8)
Control group 63 269 (84.6) 44 (13.8) 4 (1.3) 1 (0.3)

* Participants rated the impact of their gastrointestinal symptoms on work, school, activities, or routine.
† Participants who reported any gastrointestinal symptoms.
‡ Participants in the highest decile for consumption of olestra-labeled chips.
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pants in this study was adequate to allow assessment
of olestra’s gastrointestinal effects. Approximately
half of the participants ate olestra snacks on more
than half of the 42 study days; this rate of consump-
tion is considerably higher than typical chip con-
sumption in the United States (11). On the basis of
dietary survey data (12), 39% of the study partici-
pants would be classified in at least the 90th per-
centile for U.S. snack consumers; participants in the
top decile for this study, therefore, had very high
consumption. If participants had experienced un-
pleasant symptoms and had attributed them to chip
consumption, one might expect that consumption
would decrease over time. In fact, consumption was
consistent throughout the study in both groups. Be-
cause olestra inhibits absorption of some vitamins
and other nutrients, vitamins A, D, E, and K are
added to offset this effect. Thus, we would expect to
see no decrease in the serum levels of these vita-
mins, even in participants with very high chip con-
sumption.

In general, the test groups did not differ in the
occurrence of gastrointestinal symptoms, either
overall or in the subgroup analyses. Even at the
upper limits of the 95% CIs for the differences
between the groups in symptom frequency and
symptom-days, the risks over the 42-day study would
not have been meaningfully greater in the olestra
group. For example, for the participants in the high-
est decile for chip consumption, the upper confi-
dence limit for the difference between groups in
symptom frequency indicates that the percentage of
participants with more frequent bowel movements
could have been 27.4% greater in the olestra group.
Even if this were the case, the difference would not
be clinically meaningful because almost all of the
symptoms reported had little or no effect on partic-
ipants’ daily activities (Table 4).

Although the mean number of symptom-days for
any gastrointestinal event (women and adults), gas

(women), and more frequent bowel movements (all
participants, women, and adults) was significantly
greater in the olestra group, these differences were
not clinically significant—only about 1 day out of a
possible 42—and participants did not indicate that
the symptoms were bothersome. Analysis of sub-
groups within the overall population indicated that
these differences occur more frequently in adult
women.

Previous clinical experience with olestra has also
shown that increases in the frequency of bowel
movements, if they occur, are minor and not clini-
cally important. In a previous study, the frequency
of bowel movements increased from 1.5 per day at
baseline to 1.6 per day in participants who con-
sumed 2.5 ounces of olestra chips per day and to 2.0
per day in participants who consumed 5 ounces of
olestra chips per day (13).

In our study, the incidence of diarrhea and
cramping was the same in the olestra group and the
control group. The labeling on both the olestra-
labeled packages and the informed consent forms
told participants that they may notice cramping or
loose stools. Despite the availability of this informa-
tion, the occurrence of cramping was not greater in
the olestra group than in the control group for the
group as a whole or for any of the subgroups stud-
ied. In fact, the frequency of cramping was greater
in the control group than in the olestra group
among men. Of note, participants who ate the high-
est amounts of control (regular) chips reported
loose stools and more frequent bowel movements
less often than participants who consumed lower
amounts of control chips.

Our results are consistent with those of other
studies in which participants consumed olestra
snacks under ordinary snacking conditions (5–8).
The results of these randomized, controlled, double-
blind trials do not substantiate anecdotal reports of
severe diarrhea and abdominal pain or cramping

Table 5. Participants Who Reported One or More Gastrointestinal Symptom by Age and Sex*

Category Participants Who Reported GI Symptoms Mean Symptom-Days (6 SE) in Participants
Who Reported GI Symptoms

Olestra
Group

Control
Group

Difference
(95% CI)†

P Value Olestra
Group

Control
Group

Difference
(95% CI)‡

P Value

n/n (%)§ percentage points 4OOOOOO symptom-daysOOOOOO3

Age
2–12 years 133/442 (30.1) 135/443 (30.5) 20.4 (28.4 to 7.6) .0.2 3.7 6 0.4 3.6 6 0.4 0.2 (20.9 to 1.2) .0.2
13–17 years 42/125 (33.6) 40/102 (39.2) 25.6 (219.1 to 7.9) .0.2 3.6 6 0.6 3.5 6 0.8 0.1 (219 to 2.1) .0.2
18–64 years 376/842 (44.7) 342/825 (41.5) 3.2 (22.6 to 9.0) .0.2 5.7 6 0.4 4.6 6 0.4 1.1 (0.1 to 2.1) 0.03
65–89 years 68/211 (32.2) 59/191 (30.9) 1.3 (28.5 to 11.2) .0.2 4.8 6 0.7 4.5 6 0.9 0.2 (22.0 to 2.4) .0.2

Sex
Male 252/696 (36.2) 238/704 (33.8) 2.4 (23.7 to 8.5) .0.2 4.4 6 0.4 4.4 6 0.5 0.0 (21.2 to 1.3) .0.2
Female 367/924 (39.7) 338/857 (39.4) 0.3 (25.3 to 5.9) .0.2 5.4 6 0.3 4.2 6 0.3 1.3 (0.4 to 2.1) ,0.01

* Includes all participants who responded “yes” to the question in the daily record. GI 5 gastrointestinal.
† Values are the difference between the olestra and control groups in the percentage of participants who reported symptoms.
‡ Values are the difference between the olestra and control groups in the number of days on which participants reported symptoms.
§ Participants in the study group/participants who reported symptoms.
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associated with olestra (4); instead, they show that
under ordinary snacking conditions, gastrointestinal
symptoms among participants who eat snacks con-
taining olestra are no more troublesome than those
associated with consumption of regular snacks con-
taining triglycerides. This finding is of clinical im-
portance: Physicians who see patients experiencing
significant gastrointestinal symptoms that they at-
tribute to olestra should seek other causes for these
complaints, because our data indicate that these
symptoms are unlikely to be related to olestra and
may instead reflect a serious condition.

Our results did not indicate that the gastrointes-
tinal symptoms following consumption of olestra
were any more bothersome than those following
consumption of regular chips. The only participants
who withdrew from the study because of gastroin-
testinal adverse events were in the control group,
and in the olestra group, 98% to 99% of ratings of
effects on activities indicated that symptoms had no
or slight impact on activities. In addition, the use of
medications and physician visits for gastrointestinal
symptoms were no greater in the olestra group than
in the control group, and participants consumed
olestra-labeled snacks at the same rate throughout
the study regardless of whether they reported any
gastrointestinal effects.

Several notable features of our study deserve
comment. Through the use of daily diaries, we ob-
tained detailed information on exposure (chip con-
sumption) and outcomes (symptoms and functional
impact). Special care was taken to blind study par-
ticipants and staff to the study group assignments.
Recruitment of participants from households known
to be regular consumers of snack foods and provi-
sion of good-tasting products free of charge helped
ensure that the dose of the study products would be
adequate to allow determination of their effects on
gastrointestinal symptoms and daily living. The
study was designed to simulate real-world circum-
stances: Participants chose regular or olestra snacks
from product displays, as they would in the market-
place, and consumed as much or as little as they
wished while in their home environment.

The study was limited in that it relied on self-
reports for information on chip consumption and
gastrointestinal symptoms. However, there was no
incentive to misreport this information and no rea-
son to expect differential reporting between the
olestra and the control groups. In addition, adults
reported the information on consumption and
symptoms for young children, the only practical
means of collecting these data. The conclusions
reached in this study were based on consumption of
olestra in snack foods only. Olestra was not other-
wise present in the participants’ diets. Further stud-
ies would be required to determine the effects of

olestra consumed in foods in addition to savory
snacks.

An interesting finding was the association of gas-
trointestinal symptoms with the type of chips that
participants thought they were eating. Participants
who believed that they were eating olestra chips
reported gastrointestinal symptoms approximately
50% more often than participants who believed that
they were eating regular chips, regardless of the
type of chip they were actually eating. Among par-
ticipants who said that they did not know which
product they were eating, the percentage of partic-
ipants reporting gastrointestinal symptoms was in-
termediate between the percentages of participants
who guessed that they were eating olestra chips and
those who guessed that they were eating regular
chips. These findings suggest that reporting of symp-
toms may have been influenced by what the partic-
ipants thought they were eating. They may also help
explain anecdotal reports of gastrointestinal adverse
events. According to a recent national survey (14),
gastrointestinal symptoms are frequent in the pop-
ulation; up to 40% of adults report cramping, loose
stools, or gas in the previous month. Marketed
Olean packages state that olestra may cause abdom-
inal cramping and loose stools. Consumers who
have read this statement or heard reports of olestra-
associated gastrointestinal effects may erroneously
attribute these common symptoms to olestra.

In conclusion, our study demonstrates that clini-
cally meaningful or bothersome gastrointestinal ef-
fects are not associated with unregulated consump-
tion of olestra corn and potato chips in the home
over 6 weeks.
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Personae

In an effort to bring people to the pages of Annals, the editors invite
readers to submit photographs of people for publication. We are looking
for photographs that catch people in the context of their lives and that
capture personality. Annals will publish photographs in black and white,
and black-and-white submissions are preferred. We will also accept color
submissions, but the decision to publish a photograph will be made after
the image is converted to black and white. Slides or prints are accept-
able. Print sizes should be standard (30 3 50, 40 3 60, 50 3 70, 80 3 100).
Photographers should send two copies of each photograph. We cannot
return photographs, regardless of publication. We must receive written
permission to publish the photograph from the subject (or subjects) of
the photograph or the subject’s guardian if he or she is a child. A cover
letter assuring no prior publication of the photograph and providing
permission from the photographer for Annals to publish the image must
accompany all submissions. The letter must also contain the photogra-
pher’s name, academic degrees, institutional affiliation, mailing address,
and telephone and fax numbers.

We look forward to receiving your photographs.

Christine Laine, MD, MPH
Deputy Editor
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